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In  Astronomical  Tables,  &c,  is  met)  for  meridional 
or  southern;  and  sometimes  for  meridian,  or  mid-day.— 
In  the  Roman  numeration,  it  denotes  a thousand. 

MACHIN  (Johk),  a very  di>tinguithed  mathematician, 
was  some  lime  prufi'SMJrof  lulronumy  at  Gi'e^ham-^ollegc, 
(to  which  h«'  wascUx'leJ  May  16, 1713*  on  the  resignation 
of  Dr.  Torriano,)  and  secretary  of  the  Royal  Society,  died 
June  9,  1731.  His  pajKTs  in  the  Philos.  'I'rans.  ««cre,  1. 
To  find  the  curve  which  a drtcending  body  describes  in  the 
shortest  time.  vol.  30 ; 2.  On  a Distempered  Skin,  vol. 
37 ; 3.  .A  Solution  of  Kepler’s  Problem.  Besides  these, 
by  an  approximating  series  of  Dr,  Halley's,  Mr.  Macbin 
computed  thccircumfenmceofthe  circle  to  100  places  of 
ligurrs.  And  another  ingenious  appro.ximating  series  of 
his  own  isgiwn  in  Mr.  Jones's  Synopsis  Palmariortim 
Matiii’seos,  1706,  the  invf‘stigation  of  which  was  first  given 
ill  Dr.  Hutton's  Mcnsuralton,  1772.  Mr.  Maebin's  L)iws 
of  the  Mouh's  Motion  were  printed  in  Motte's  translation 
of  Newton’s  Principia. 

Machine, denotes  any  thing  that  serves  to  augment, 
or  to  regulate  moving  powers : or  it  is  any  tmdy  destined 
to  produce  motion,  so  as  to  save  either  lime  or  force.  The 
word,  in  Greek,  signifies  an  invention,  or  art : and  hence, 
in  strictiK'ss,  a machine  is  something  (hat  convisu  more  in 
art  and  invention,  than  in  the  strength  ami  solidity  of  the 
material;  fur  which  reason  it  Is  that  the  inventors  of  ma- 
chines art*  Culled  Jngenieurs,  or  Engineers. 

Machines  arc  either  simple  or  compouiid.  The  simple 
machines  are  the  6 mrchanical  powers,  viz,  (he  lever, 
pulley,  wlieel-and-Sxle,  inclined  plane,  wedge,  and  screw; 
which  are  otherwise  callctt  the  simple  inechunic  powers. 
The  balanci*  also  is  a lever. 

Iljesc  simple  machines  serve  for  different  purposes, 
according  to  their  different  structures:  and  it  is  the  husi- 
ficcis  of  the  skilful  inrchniiist  to  cIjoom-  and  combine 
them,  in  tbennitincr  that  may  Ik?  bv'>t  adapted  to  produce 
the  desireii  effect.  The  lever  is  a very  useful  iiiachinc  far 
many  purposes,  its  power  being  readily  varied  as  the  occa- 
sion in«y  require;  when  weights  are  to  be  niLed  only  a 
little  way,  such  as  stones  out  of  quarries,  kc.  On  (he 
other  hand,  the  wheiLand-axIc  serve*  to  raise  weights 
from  the  greatest  depth,  or  to  the  greatest  height.  Pulleys, 
being  easily  carried,  are  therefore  much  employed  in  ships. 
The  balance  is  useful  for  ascertaining  nn  equality  of 
weight.  The  wedge  is  very  useful  for  separating  the  parU 
Vol.  II. 


of  bodies;  and  being  impollcd  by  (he  force  of  percussion, 
it  is  incomparably  greater  than  any  of  the  other  power?.. 
The  screw  is  useful  for  compressing  or  squeexing  bodies 
U^cther,and  also  for  raising  very  heavy  weights  to  a small 
height;  its  great  friction  is  even  of  considerable  use,  to 
preserve  the  effect  already  produced  by  the  machiiie. 

Compotmd  Maciune,  is  formed  from  these  simple  ma- 
chines, combined  together  for  diffcrml  purposes.  The 
number  of  compound  machines  is  almost  infinite;  and  yet 
it  would  seem  that  the  ancients  went  far  beyond  the  mo- 
dems in  the  powers  and  effectrof  tbera;  especially  (heir 
machines  of  war  and  architecture. 

Accurate  descriptions  and  drawings  of  machines  would 
be  a very  curious  and  useful  work.  Rut  to  make  a col- 
lection of  this  kind  as  beneficial  as  possible,  it  should  con- 
tain also  an  analysis  of  them  ; pointing  out  their  advan- 
tages and  disadvantages,  with  the  reasons  of  the  construc- 
tions; also  the  general  problems  implied  in  these  con- 
structions, with  their  solutions  Ac,  should  be  noticed. 
Though  a complete  work  of  this  kind  be  still  wanting,  yet 
many  curious  and  useful  particulars  may  be  gathered  from 
Strada,  Resson,  Beroalilus,  Augustinus  dc  Hamellis,  B(K'k- 
ler,  LcupoUl,  Beyer,  Limpergh,  Van  5Cyl,  Prrault,  and 
others;  a short  arcount  of  whose  works  may  be  found  in 
Wolfii  Commentaliodc  Prmcipuis  Striplis  Matbqpiaiu  hi ; 
Elem.  Malhcs.  Univ.  tom.  j,  pa.  84.  To  tHoc  may  be 
added,  Hilidor's  Architecture  Hydruulique,  De«agulurs's 
Courseof  Experimeriiai  Philosophy,  Emerson's  Mechanics, 
and  Dr.  Gregory's  Mi'chatncs,  which  contains  h deverip- 
lion  of  a great  number  of  the  most  useful  nnd  modem  ma- 
chines. The  Royal  Academy  of  $cirnc««  at  Paris  have 
also  given  a collection  of  machines  and  inventions  ap- 
provi^  of  by  them.  This  workj  published  by  .M.  Gallon, 
consists  of  o v’ols.  in  4to,  containing  engraved  draughts  of 
the  machines,  with  their  descriptions  annexed. 

Maciiine,  Architeaonictilt  is  an  assemblage  of  pieces 
of  wood  so  dispoS(‘d  us  that,  by  means  ofrupes  and  pulleys, 
a <^ma1l  number  of  men  mny  raise  groat  loads,  and  lay 
them  in  llicir  places;  such  as  cranes,  Ac.— it  is  hard  to 
conceive  what  sort  of  machines  the  ancients  must  have 
used  to  raise  those  immense  stones  fourvd  in  some  of  the 
antique  buildings  ; as  some  of  (hose  still  found  in  the  walls 
of  Ball>eck  in  Turkey,  the  ancient  Heliopolis,  which  are' 
(>3  fc$t  long,  12  fi'et  broad,  and  12  fi'ct  (hick,  and  which 
mu>l  weigh  6 or  7 hundred  tons  a-piece. 
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Machine.  S»e  lUttows. 

Jio^lcian  Machine.  Mr.  &o)>!e’»  Aii-Pump. 

K/rcfriVa/ Machine.  See  Electrical  Alachiw, 

ll'tnd  Machine.  Sec  Anemometer,  ami  Wind  3Ia- 
chhe. 

flydranlic  or  fVuter  .Machine,  is  uscfl  either  to  dc- 
m*U‘  a inarhiiic,  serving  to  conduct  or  rai>e  water, 

iu  ft  sluice,  pump,  ami  the  like;  or  several  of  these  uciing 
together,  to  pr  ^iucc  some  exlraor«l»nury  elh^l ; as  the 

Machine  of  Math.  See  I-’iRE-ew^'iae,  STE-AM-e^me, 

niul  WATER-twrAi. 

MiL'tary  Machines,  among  the  ancients,  were  of  three 
kiiuU  : the  first  serving  to  throw  arrows,  as  the  scorpion; 
or  javelins,  as  the  catapult ; or  stones,  as  the  balista;  or 
fiery  daits,  as  the  pyrabolus  : the  2J  kind  serving  to  bi*at 
down  walls,  as  the  battering>ram  and  tcrebru : and  the  3d 
Si»rt  to  shelter  those  who  nppniach  the  enemy’s  wall,  as 
the  torloi-vc  or  t(*studo,  the  vinca,  and  the  towers  of  wood. 
Sic  the  respective  articli’s. 

The  timciitnes  of  war  now  In  use,  consist  in  artillery, 
including  cannon,  mortars,  petards,  &c. 

MACLAUUIN  (Colin),  a very  eminent  malhema- 
tician  and  philosopher,  was  the  son  of  a clergy  inan,  ami 
buin  at  Kiimuddan  in  Scotloml,  in  the  year  l6‘y«.  He 
was  iciil  to  the  university  of  Glasgow  in  1709  ; where  he 
enntimo'd  6 yean,  applying  to  his  studies  in  a very  in* 
tense  manner,  and  particularly  to  (he  mathematics.  His 
great  genius  for  mathematical  U^arning  discoveu’d  itself  so 
early  as  at  12  years  of  agi‘;  when,  having  accidentally 
met  with  a copy'  of  Euclid's  Elenients  in  a frieiNl’s  ebam* 
ber,  he  became  in  a few  days  master  of  the  first  6'  books 
without  any  iissisrance:  and  it  is  certain,  (bat  in  hU  l6th 
year  he  had  iiiveiued  many  of  the  propositions  which  were 
afterward*  puldishiHl  as  part  of  his  work,  cniUled  Geo- 
timiHa  Oganica.  In  his  lath  \ear  he  took  the  degree  of 
mnster  of  arts ; on  which  occuion  he  composed  and  pub- 
licly defended  a thesis  on  (he  power  of  gravity,  with  great 
npplaiiM*.  After  this  he  quitted  the  university,  and  re- 
tired to  a cuuhtry-scal  of  his  uncle,  wh«>  had  the  care  of 
his  education,  his  parents  having  tiiiNl  while  1k‘  was  very 
young.  Here  he  spent  (wo  or  three  viNirs  in  pursuing  his 
favourite  studies;  but  in  1717*  at  i9yvnrs  of  age  only, 
he  offi-ied  hiiiisell  a candidute  for  the  piofevsorship  of 
mathematics  in  the  Martvciial  College  of  Aberdeen,  and 
nblainet^it  after  a ten  days  trial,  against  u very  able  com- 
petitor. 

In  1719*  Maclaurin  visited  London,  where  be  left 
his  Cleomelria  Organica  to  print,  and  where  he  became 
acquainted  with  Dr.  Hoadley  then  bishop  of  Dangor,  Dr. 
Clarke,  Sir  Lauc  Newton,  and  other  emiut'til  men ; at 
which  lime  dlst>  h<‘  was  admitted  h mrmbtrr  of  the  Royal 
Society  : and  in  another  journey,  in  1721,  he  contracted 
an  intimacy  with  Martin  Koikes,  esq.  the  president  of  it, 
which  continiu'd  during  his  life. 

In  1722,  Lord  Kolwarth,  plenipotentiary  of  the  king  of 
Great  llriUiin  at  the  cor^re**  ol  Cambray,  engagtd  Mac- 
laurin  to  go  as  a tutor  and  enropuniun  to  liiv  eldi'St  son, 
who  was  then  to  s«-l  out  on  his  travels.  After  a short  stay 
at  Purls,  and  visiting  other  towns  in  Franco,  they  6xed 
in  Lorrain;  wline  he  wrote  his  pioee.  On  the  Percussion 
nf  Dodics,  which  gainini  him  the  priite  of  the  Royal  Aca- 
demy of  Scienc*‘s  for  the  year  1721.  But  his  pupil  dying 
soon  after  at  Montpedier,  he  retumc-d  immediately  to  his 
profession  at  AbiTdecn.  He  was  hardly  settled  here^ 
wbcu  he  rvxciveU  an  invitation  to  Cdiaburgh;  (be  cura- 
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tors  of  that  university  being  desirous  that  he  should  sup- 
ply the  place  of  Mr.  James  Gregory,  whose  great  age  and 
infirmities  had  rendered  him  incapable^  of  teaching.  He. 
had  here  some  dithcullii-s  to  i-ncoumer,  arising  from  com- 
petitors* who  had  good  interest  with  the  paitotu  of  the 
university,  and  also  from  the  want  of  an  additional  fund 
for  the  m-w  profesw^r;  which  liowcver  at  length  were  all 
surmounted,  principally  through  the  means  of  Sir  Isaac 
Newton.  Accordingly,  in  Nov.  k725,  he  was  introduced 
into  thc'universHy  ; alter  which  the  mathematical  ciassc's 
soon  bt'came  very  numerous,  there  being  generally  up-* 
W'unis  of  lUO  students  altemling  his  lectures  every*  year; 
who  beiug  of  different  standings  and  proficiency,  he  wa< 
obliged  to  divide  them  into  four  or  five  clusses,  in  each  of 
which  be  employed  a full  hour  every  day  from  ibe  first 
of  November  to  the  first  of  June,  in  the  first  class  he 
taught  the  fin.t  6 books  of  Euclid's  Elements,  Plane  Tri- 
Ronoinclry,  Practical  Geometry,  the  Elements  of  Korlifi- 
calion,  and  an  Introduction  to  Algebra.  The  second  cla>v 
studied  Aii*ebra,  with  the  1 llh  and  12th  books  of  Euclid, 
Npherical  'rrigoiiomelry.  Conic  Sections,  and  the  general 
Principles  of  Astronomy.  The  third  studied  Astronomy 
and  Perspective,  ami  read  a part  of  Newtons  Principia, 
he  having  pcrforror<i  a courac  of  experiments  for  illustra- 
ting them  : he  afterwards  read  and  demoiutrated  the  Elt^ 
mints  of  Fluxions,  l liose  in  the  fourth  cibss  read  a Sys- 
tem of  Fluxions,  the  Doctrine  of  Chances,  and  the  re- 
mainder of  New  ton's  Principia. 

Ill  17-31*  Dr.  Berkeley,  bishop  of  Cloyne,  published  a 
piece  called  the  Analyst ; in  which  he  look  occaMon,  from 
some  disputes  that  had  arisen  concerning  the  grounds  of 
the  flaxionary  nu  thod,  to  exploile  the  method  ilscdf;  and 
also  to  charge  mathematicians  ingimeral  with  infidelity  in 
religion.  Maclaurin  thought  himmOf  included  in  this 
charge,  and  began  an  answer  to  Berkeley's  book  : but  other 
answers  coming  out,  and  as  he  proceeded,  so  many  disco- 
veries, so  many  new  theories  and  problems  occurred  to 
him,  that  instead  of  a vindicatory  pamphlet,  he  produceti 
a Complete  System  of  Fluxions,  with  their  application  to 
the  most  cunsidurable  problems  in  Geometry  und  Natural 
Philosophy.  This  work  was  published  at  I'^inburgh  in 
1742,  2 voh.  4to;  and  as  it  cost  him  iiifinile  pain?,  so  it 
is  the  most  considerable  of  all  his  works,  and  will  do  him 
immortal  honour,  being  indeed  the  most  complete  trratiso 
on  that  science  that  has  yet  ap]>cared. 

In  the  mean  time,  he  was  continually  presenting  the 
public  with  some  observation  or  performance  of  his  own, 
several  of  which  were  published  in  the  5lh  and  6th  volumes 
of  the  Medical  Essays  at  K.dinburgh.  Many  of  them 
were  likewise  published  in  the  Philosophical  Transactions; 
8$  tbe  following:  1.  On  the  Construction  and  Measure  of 
Curves,  vol.  30.*— 2.  A New  Method  of  describing  all 
kinds  of  Curves,  vol.  30.*— 3.  On  Equations  with  Impoir- 
siblc  Roots,  Vol.  34. — 4.  On  the  Rwts  of  Equations,  ^cc, 
vol.  34.-5.  On  the  Description  of  Curve  IJnrs,  vol.  39» 
-—6.  Continuation  of  the  same,  vol.  39.—7*  Observations 
on  a Solar  Eclipse,  vol.  4(>,— 8.  A Rule  for  finding  the 
Meridional  Parts  of  a Spheroid  with  the  same  Exactness 
as  in  a Sphere,  vol.  41.— 9-  .‘^n  Account  of  the  Treatise  of 
Fluxions,  vol.  42. — lO.  On  the  Rases  of  the  Cells  where 
the  Bees  deposit  ibeir  Honey,  vol.  42. 

In  the  midst  studies,  he  was  always  ready  to 

lend  his  assisUiioeiDCliltrivingaiid  promoting  any  scheme 
which  might  CoolrtbuUi  to  the  public  service.  When  the 
earl  of  Mortuu  went,  in  1739»  to  vUirbU  estates  in  Orkney 
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and  Shetland,  ho  requested  Mr.  MacUurin  to  insist  him  in 
Milling  the  geography  of  those  countries,  which  was  very 
erroneous  in  alt  the  maps ; lo  examine  their  natural 
.history,  to  survey  the  coasts,  and  to  uke  the  measure  of 
a degree  of  the  meridian.  Muclaurin's  family  affairs 
would  nor  permit  him  to  comply  with  this  requt'at:  he 
however  drew  up  a memimal  of  what  he  thought  neecs- 
aary  to  be  observed,  and  furnished  proper  instruments  for 
the  work,  recommending  Mr.  Short,  the  Ci-U  bratrd  opti* 
cian,  as  a proper  operator  for  the  management  of  them. 

Mr.  Maclaurin  had  still  another;  scheme  for  ihc  iro- 
proveineht  of  geography  and  navigation,  of  a more  exten- 
sive nature  ; which  was  the  opening  apassage  from  Green- 
land to  tiie  Soutli  Sea  by  the  north  pole.  That  such  a 
passage  might  bn  found,  he  wax  to  fully  persuaded,  that 
he  us^  to  say,  if  his  situation  could  admit  of  such  ad- 
ventures, he  would  Uiiderl.ikc  ihc  voyage,  even  ut  his  own 
charge.  But  when  schemes  for  finding  it  were  laid  before 
the  parlian  etit  in  17*^1,  uiiJ  he  was  consulted  by  several 
persons  of  high  rank  cciiceniinj  ihom,  and  before  he  could 
finish  the  memuritiK  he  pioposed  to  send,  the  premium 
was  limited  to  the  dixtovery  of  a norih-wi'st  passage:  he 
regretted  ranch  that  llic  word  west  was  inserted,  because 
he  ihoM^bt  thiit  passage,  if  atull  to  be  found,  must  he  not 
far  from  ilic  pole. 

In  1745,  hoving  bt-en  vuy  active  in  lortitying  the  city 
of  Edinburgh  ugamst  the  rebel  army,  he  was  obliged  lo 
fly  from  thence  into  England,  where  he  was  iuriu-d  by  Dr. 
Herring,  archbishop  of  York,  to  reside  with  him  during  bis 
stay  in  this  country.  In  this  expedition  however,  being 
exposed  to  cold  and  hardships,  and  naturally  of  a weak 
and  tender  coiMlitiiiion,  which  had  been  mueb  more  en- 
feebled by  close  appiicniiun  to  study,  he  laid  the  founda- 
tion of  an  illness  which  put  an  end  to  bis  life,  in  June 
174^,  et  4S  years  of  age,  leaving  his  widow  with  two  sons 
and  three  daughters. 

Mr.  Maciaurin  was  a very  good,  as  well  as  a very  great 
man,  and  worthy  of  love  as  wi  II  an  admiration.  Hiv  pe- 
culiar merit  as  a philovoplitT  HUS,  that  all  his  studies  were 
accommodated  to  gciu-ral  mility  ; mat  we  lind,  iti  miiny 
placet  of  bis  works,  mi  application  even  of  the  must  al^ 
itruse  theories,  to  the  porteciing  of  meclianical  ai'ts.  For 
the  same  purpose,  he  had  rt  soivetl  to  compose  a course  of 
Practical  Mathematics,  and  to  rescue  several  useful 
branches  of  the  science  from  the  ill  treatment  they  often 
met  with  in  less  skilful  hands.  IVse  intentions  however 
were  prevented  by  bis  death;  unless  wc  may  reckon,  as  a 
part  of  hix  intended  work,  the  translation  of  Dr.  David 
GrcgciryV  Praciical  Goomelry,  which  hereviMMl,  and  pub- 
lished with  additional,  in  1745. 

In  his  lifetime,  however,  he  bad  frequent  opportunities 
•f  serving  his  friends  and  his  country  by  his  great  taients. 
Whatever  difficulty  occurred  concerning  the  obstructing 
or  perfecting  of  machines,  the  working  of  mines,  the  im- 
proving of  aianufactures,  the  conveying  of  water,  or  the 
aaecocioii  of  any  public  work,  he  was  always  ready  to  re- 
it  fie  WHS  employed  to  teribinutciome  disputes  of 
conaeqiiance  that  had  arisen  at  Glasgow,  conceraing  the 
gaugiijil  qf  veMK'ls ; ami  for  that  purpose  presenced  to  the 
cummivihiiiers  ot  the  excise  two  elaborate  roerourials.  with 
their  douiOoa^tiunt,  containing  rules  by  which  the  offi- 
cers now  made  also  calculations  relating  to  the 

provision,  nowrii^lMmd  by  law,  for  tbe  children  and 
willows  of  the  Scdwditigy,  tod  of  the  profeason  in  the 
universities,  (AUilingnlhii^ i9«eefUui  Mmuitits  and  sums. 


MAC 

on  the  voluntary  annual  payment  of  a certain  sum  by  the 
incumbent.  In  contriving  and  adjusting  this  wi^  and  use- 
ful scheme,  he  bestowed  a great  deal  labour,  and  con* 
tributed  not  a iiitle  towards  bringing  it  to  perfection. 

Of  his  works,  we  have  mentioiK-d  bis  Geometria  Or- 
ganica,  in  which  he  treats  of  the  description  of  curve  lino 
by  continued  motion  ; as  also  of  bis  piece  which  gained  the 
prize  of  the  Royal  Academy  of  Sciences  in  17S4.  In 
1740,  he  likewise  shared.the  prise  of  the  same  academy, 
with  the  celebrated  D.  Bernoulli  and  Euler,  for  resolving 
the  problem  relating  to  the  motion  of  the  tides  from  the 
theory  of  gravity  ; aquestion  which  had  beengiven  out  the 
furraeryear,  without  receiving  any  solution,  lie  bad  only 
10  days  to  draw  this  paper  up,  and  coaid  nut  find  leisure 
to  transcribe  a fair  copy ; so  that  the  Paris  edition  of  it  is 
incorrect.  He  afterwards  revised  the  whole,  and  inserted 
it  in  bis  Treatise  of  Fluxions ; as  be  did  also  the  substance 
of  the  former  piece.  These,  with  the  Treatise  of  Flu.tions, 
and  tbwpieccB  printed  in  tbe  Medical  Essays  and  the  Phi- 
losophical Transactions,  a list  of  which  is  given  above,  are 
all  the  writings  which  our  author  lived  tu  publish,  i^ioce 
his  death,  however,  two  more  volumes  have  appeared  ; his 
Algebra,  and  his  Account  of  Sir  Isaac  Newton’s  Philoso- 
phical Dtscoverirs.  I'fae  Algebra,  though  nut  finished  by 
bimsell,  it  yet  allowed  to  br  excellent  in  its  kind  ; con- 
taining, in  a moderate  volume,  a complete  elementary 
treatise  on  that  science,  asfarasit  bad  then  been  carried ; 
bpfides  some  oeal  analytical  papers  on  curve  lines.  His 
Account  of  Newton's  Philosophy  was  occasioned  in  the 
following  manner  Sir  Isaac  dying  ip  tbe  b«;giwung  of 
17SS,  bis  nephew,  Mr.Conduiti,  proposed  to  piMilttt 
ucco^int  of  bis  life,  and  desired  Mr.  Maclaurin's  amiftancn. 
I’he  latter,  out  of  gratitude  to  his  great  benefactor,  ebeer- 
fully  undertook,  and  soon  finished  the  History  of  the  Pro- 
gress which  Philosophy  bad  made  before  Kewtou’s  time’; 
and  tliiv  was  the  fir>t  ciiaught  of  the  work  in  hand ; which 
not  going  forward,  on  account  of  Mr.  Conduill’s  death, 
was  returned  to  Air.  iMaclaurin.  To  this  he  afterwards 
made  great  additions,  and  left  it  in  the  state  in  which  it 
now  appears.  His  nndn  design  socres  to  have  been,  to 
explain  only  those  paiU  of  Newton's  Philosophy,  which 
have  been  controvert'd;  and  this  is  suppoKd  to  bo  the 
j^ason  why  his  grand  discoveries  concerning  light  and  co- 
lours are  but  transiently  and  generally  touched  U|>on;  for 
it  is  known,  that  whenever  the  experiments,  on  which  bis 
doctrine  of  light  and  colours  is  founded,  had  been  re- 
peated with  due  care,  this  doctrine  bad  not  been  con- 
tested ; while  his  accounting  fur  'the  celestial  motions, 
and  the  other  great  appearances  of  nature,  from  gravity, 
had  h^en  misunderstood,  and  even  actempicd  to  be  ri- 
diculed. 

MACULiE,  in  Astronomy,  are  dark  spots  appearing  on 
the  luminous  surfaces  of  the  sun  and  moon,  and  even  soma 
of  the  planets.  The  solar  maculs  are  dark  spots  of  an 
irregular  and  chaiigenblo  figure,  obsirrved  in  the  face  of 
the  sun.  These  are  said  to  have  been  first  obsiTvcd  m 
November  and  December  of  the  year  It)  10,  by  Goliko  in 
Italy,  and  Harriot  in  England,  unknown  to,  and  inde> 
pendent  of  each  other,  soon  after  the  iavimtion  of  telc^ 
scopes.  But  Montucla,  in  his  History  of  the  Mathema- 
tics, says  that  tbe  honour  of  this  discovi'ry  is  due  to  J. 
Fabricius.  as  appears  from  his  work  published  at  Wmro 
berg,  in  June  1011,  entirted,  Dc  Macuhsin  Sole  visi»,  i*t 
earum  cum  sole  revolutione  narralio.  'Ihcy  wtre  afiei- 
wards  also  observed  by  bcheiner,  Hevelius,  Flunutecd, 
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Ciiksini,  Kirch,  and  others.  See  MitruiT.,  Nebylous, 
Spots,  &c. 

- MADK*£K,  in  Artillery,  is  a thick  plank,  armed  with 
pUti*s  of  iron,  and  having  a cavity  sufficient  to  recciw  the 
mouth  of  a petard,  with  which  it  is  applied  against  a 
gate,  or  any  thing  else  intended  to  be  broken  down.^This 
term  is  also  apptit*d  to  certain  flat  beum%  tixed  to  the  bot- 
tom of  a moat,  to  support  a wall.— >There  are  also  ma- 
driers  lim'd  with  tin,  and  covered  with  earth ; serving  as 
defoiiccs  agdiiist  artilicial  Arcs,  in  l(Hlgroenti),  ^c,  where 
there  is  need  uf  being  covered  overhead. 

M.ESTLIN  (Michael),  in  l.atin  .M;estlinus,  a noted 
astronomer  of  Germany,  was  boru  in  the  duchy  of  Wittem- 
berg;  but  sp<>nt  his  youth  in  Italy,  wbi-re  he  made  a 
speech  in  favour  of  Copernicus's  system,  which  brought 
Galileo  over  from  Aristotle  and  Ptolemy,  to  whom  he  was 
before  wholly  devote<l.  He  afterwards  returned  to  Ger- 
ntany,  and  became  professor  of  mathematics  at  Tubingen; 
where,  among  bis  other  scholars,  he  taught  the  celebrated 
Kepler,  who  has  coromended  several  of  his  ingenious  in- 
ventions, in  his  Asironomia  Optica.  Msestlin  published 
many  mathematical  and  astronomical  works,  and  died  in 
159t>.~>Though  Tycho  Brahe  did  not  assent  to  Mxstlin’s 
opinion,  yet  he  allowed  him  to  be  an  extraordinary  pdr> 
son,  and  deeply  skilled  in  the  science  of  astronomy. 

Magazine,  a place  in  which  stores  arc  kept,  of 
arms,  aminunition,  provisions,  &c. 

ArtiU<ry  MAnAEtNE.  or  the  magazine  to  a fleld  battery, 
is  made  about  25  or  30 yards  behind  the  battery,  towards 
the  parallels,  and  at  least  3 f<*et  under  gn>und,  to  re- 
ceive the  powder,  loaded  shells,  port-tires,  dec— Its  roof 
and  sides  should  bo  well  secured  with  boards,  to  prevent 
the  earth  from  falling  in:  it  has  a door,  and  a double 
trench  or  passage  sunk  from  the  magazine  to  the  battery, 
the  one  to  enter,  and  the  other  to  go  out  at,  to  prev'ent  con- 
fusion. Sometimes  traverses  are  made  in  the  passages,  to 
prevent  ricochet  sh<»t  from  entering  the  magaiirse. 

Pourc/cr-M  AC  A21KC,  is  the  place  where  powder  is  kept 
in  large  quantities.  Authors  difler  very  much  wdtb  regard 
to  the  situation  and  construction  of  these  magazines;  but 
all  agree,  that  they  ought  to  be  arched  and  bomb  proof. 
In  furiilications,  they  were  formerly  placed  in  the  ram- 
part ; but  of  late  they  have  been  built  in  different  parts 
of  the  town.  The  first  powder-rongazines  were  made  with 
Gothic  arches  ; but  M.  Vauban  thinking  these  too  weak, 
constructed  them  of  a semicircular  form,  the  dimensaons 
being  60  fes't  long  within,  and  25  feet  broad ; the  founda- 
tions are  d or  j)  feet  thick,  and  3 feet  high  from  the  foun- 
dation to  the  spring  of  the  arch  ; also  the  floor  2 feet  from 
the  ground,  to  preserve  it  from  the  damp. 

It  b a constant  observation,  that  after  the  centering  of 
semicircular  arches  is  struck,  they  settle  at  the  crown, 
and  rise  qpat  the  hanc«‘s,  even  with  a straight  horizontal 
fxtrados;  and  still  more  so  in  powder^magazimv,  where 
the  outside  at  top  is  formed,  like  the  itwif  of  a house,  by 
inclined  planes  joining  in  an  angle  over  the  t(»pof  the  arch, 
to  give  a prop«'r  descent  to  the  rain  ; which  effects  arc  ex- 
actly what  might  be  cxps*cted  from  the  true  theory  of 
arches.  Now,  this  shrinking  of  the  arches,  as  it  must  be 
attemh'd  with  very  bad  consequences,  by  breaking  the 
texture  of  the  cement,  Hfler  it  has  in  sonie  depree  been 
dried,  and  also  by  opening  the  j<»intsof  the  vousoirs  at  tme 
end,  I have  provid^  a remedy  for  this  incoiivenieocr, 
with  regard  to  bridges,  by  the  arch  of  equilibration,  in  my 
Tracts,  vol.  l : but  as  the  iU  consequences  of  it  are  much 


greater  in  potvder-magazines,  in  question  96  of  my  Mathe. 
maticol  Miscellany,  I proposed  to  find  an  arch  of  equili. 
bratiun  for  them  also;  which  question  was  there  resolved 
by  Mr.  Wildboreand  myself,  both  upon  general  principleSf 
and  which  1 illustrated  by  an  application  to  a pariicular 
case,  there  constructed,  and  accompanied  with  a table  of 
numbers  for  tbnt  purpose.  From  that  solution  it  ap- 
pears tbattbe  general  value  uf  the  ordinate  fc  or  y,  is  jr  s 
log. 


c ~ a,*) 


where  (in  the  following  figure) 


y = PC,  asKD,  hsAQss  )ab,  c:a  AL,  attd  ui  = ir  ; 
from  which  equation  pc  may  be  found,  when  ic  is  given. 
But  if,  on  the  other  hand,  ?c  be  given,  to  find  ic,  which 
will  be  the  more  convenient  way,  then  from  the  former 


equation  will  be  found, 

m ^ f- = Cl;  where  n = 2*718231823  the  nura- 
-in 


ber  whose  hyp.  log.  is  cy  ^ a,  and  a = log.  of  o,  also 
C ^ * log.  of  * Thus  for  examplcf  iu  the 

following  figure,  representing  a transverse  vertical  section 
of  the  arch,  if  the  span  abs20,  Che  pitch  or  height 
DQ  s 10,  the  thicknesa  at  top  ok  ss  7,  and  the  angle  at 
tup  LKM  s 112^  37';  then  for  every  different  value  of 
PC,  the  last  equation  will  give  the  following  correspondent 
values  of  Cl.  That  is,  it  alkmb  repr«M'ni  a vertical 
transverse  s(*ction  uf  the  arch,  the  rmif  fijrining  nn  angle 
LXM  of  1 12°  37',  also  PC  an  ordinate  parallel  to  the  hori- 
zon taken  in  any  part,  and  ic  perpi'iulirulur  to  the  same, 
and  the  other  dimensions  as  above ; then  lor  pnqwrly  con 
structing  the  curve  so  as  to  be  tbe  stroiig«si,  or  an  arch  of 
equilibration  in  alt  its  parts,  the  corresponding  values  of 
PC  and  Cl  will  be  as  in  tbc  following  table,  where  those 
numbers  muy  denote  any  lengths  whatever,  either  iodies, 
or  feet,  or  half-yards. 


Vtlueol 

CP. 

Valne 

Cl. 

1 

7*0310 

2 

7*1243 

3 

7 2KOC 

4 

7 5015 

5 

7*7838 

fi 

8- 1452 

7 

8-5737 

8 

9 0781 

9 

9-(i(>28 

10 

10-3333 

Sec  my  Tracts,  vol.  1,  pa. 57  &c. 

Macazixb,  or  Powder-Room,  on  ship-bonrd, is  aclosc 
room  or  store-house,  built  in  the  fore  or  after  part  of  the 
hold,  in  order  to  preserve  the  gunpowder  for  the  use  of 
the  ship.  This  apartment  is  strongly  si-cured  against  fire, 
and  no  person  is  ailowtd  to  enter  it  with  a lamp  or  candle; 
it  is  therefore  lighted,  as  occasion  requires,  by  means  of 
the  CMndli*>  or  lamps  in  the  light-room  contiguous  to  it. 

MAGHLl. \N1C  Clouds,  whitish  appe^iinncez  like 
clouds,  seen  in  ihc  heavens  towards  the  wiutn  pole,  and 
having  ihc  same  apparent  motion  os  the  stars.  They  are 
three  in  number,  two  of  them  near  each  other.— The  largral 
lica  tar  from  the  south  pole;  but  the  other  two  arc  not 
many  degrees  more  remote  from  it  than  the  nearest  coo- 
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spicuous  !»lAr,  titit  U»  about  11  dc»rce».  Mr.  Boyle  con- 
j«ciuri!»  that  if  these  clou<is  were  seen  through  h good 
tcicacupe,  tliey  would  appear  to  be  rouliituikvi  of  small 
«titrs,  like  the  milky  way.  Dr.  Herschel  thinks  rather 
that  m-bulafarc  oiren  owing  to  h sidt’-lumiaous  fluid.  See 
Philos.  Trans,  an.  179lt  71.  Itill.  pa. 

MAGIC  J^ANTLRN.  all  optical  machiiu"^  byjncans  of 
which  small  ptiihU'd  images  are  repu'^eoted  <m  the  wall  of 
a dark  room,  magnitied  to  any  size  at  pleasure.  'I'his 
machine  was  contnvvd  by  Ktreher  (se«  his  Ars  Magna 
Lucis  et  Umbrs,  pa.76’8);  and  it  was  so  called,  because 
the  images'wf  re  made  to  represent  strange  phantasms,  and 
terrible  apparitions,  which  have  been  taken  lor  the  edect 
of  magic,  by  such  as  were  ignoraiil  of  the  secret. 

This  machine  is  conrpos<'d  of  a concave  speculum,  from 
4 to  12  inches  diameter,  reflecting  the  Vglit  of  a candle 
through  the  small  holeofatubc,al  thceml  ofwhich  is  flxed 
a double  convex  lens  of  about  3 inches  focus.  Between  the 
two  arc  successively  placcil,  many  small  plain  gl»sst*s>  paint- 
ed with  various  ligures,  usually  such  ms  are  the  luost  for- 
midable and  terrifying  to  the  spectators,  when  represented 
at  large  on  the  opposite  wall. 

Thus  (pi.  I7i  tig.  14)  ABCD  is  a commdn  tin  lantern, 
to  which  IS  added  A lube  fo  to  draw  out.  In  ti  is  fixed 
the  metallic  concave  sjiecultitT),  from  4 to  12  inchw  dia- 
meter; or  else,  instead  of  it,  near  the  extremity  nf  the  tube, 
there  must  be  placed  a convex  lens,  consisting  of  h seg- 
ment of  a smalt  spbeix*,  of  but  a few  incht*s  in  diameter- 
The  use  of  this  lens  is  to  throw  a strong  light  upon  the 
image;  and  sometimes  a concave  s(M*culum  is  used  with 
the  Ions,  to  render  the  image  still  more  vivid.  In  the 
focus  of  the  concave  speculum  or  lens,  is  placnl  the  lamp 
L ; and  within  the  tube,  w here  it  is  soldered  to  the  side  of 
the  lantcnt,  is  placed  a small  tens,  convex  on  l»olh  sides, 
being  a portion  of  a .small  sphere,  having  its  focus  about 
the  distance  of  3 inches.  The  extreme  part  of  the  tube 
FM  is  square,  and  has  an  aperture  quite  through,  so  as  to 
receive  an  oblong  frame  n’u  pas.vinginto  it;  in  which  frame 
there  are  round  holes,  of  an  inch  or  two  in  diameter.  An- 
swering to  the  magnitude  of  these  holes  there  are  circles 
drawn  on  a plain  tinn  glau;  and  in  these  circles  are  painted 
any  figures,  or  imagi-s,  at  pleasuns  with  transparent  water- 
colours.  Thoe  images  fitted  into  the  frame,  in  an  inverted 
positkm,  at  a small  distance  from  the  focus  of  the  lens  i, 
will  be  prtijecled  on  an  opposite  whitewall  of  a dark  room, 
in  all  their  colours,  kireatly  magnified,  and  in  an  erect 
pusitioo.  By  having  the  instrument  so  contrived,  that 
the  lens  1 may  move  on  a slide,  the  focus  muy  be  made, 
and  consequently  the  image  appear  distinct,  at  almost  any 
distance. 

Or  thus:  Every  thing  being  managed  as  in  the  former 
case,  into  the  sliding  tube  fc,  insert  aootber  convex  lens 
K,  the  segment  of  a sphere  rather  larger  than  i.  Now,  if 
the  picture  be  brought  nearer  to  i than  the  distance  of 
the  focus,  diverging  lays  will  be  propagated  as  if  they  pro-. 
ceeds'd  from  the  object;  therefore,  if  the  lens  r bo  so 
placcti,  as  that  the  object  be  very  near  its  focus,  the  image 
will  be  exhibiti'd  on  the  wall,  greatly  magiuiied. 

Magic  Square^  is  a square  figurt*,  formed  of  o series  of 
numbers  in  arithmetical  progres»ioD,  so  disposed  in  pa- 
rallel and  equMl  ranks,  as  that  the  sums  of  each  row,  taken 
either  perpendicularly,  horizontally,  or  tiiagonally,  are 
equal  to  one  another.  As  the  following  square,  formed  of 
these  nine  cumbers,  I,  2,  3,  4,  5,  6',  7,  8,  9,  where  the 
sum  of  the  three  figures  in  every  row,  in  all  the  directions, 


is  always  the  same  mimher,  viz  15.  But  if  the  same 
numbers  br  placed  in  their  luitanil  order,  rii  form  of  a 
square,  the  first  bring  I,  and  the  Inst  of  them  a square 
number,  they  will  form  whaC  is  culled  a natural  .square, 
wboae  two  diagunal",  us  also  its  middle  column,  and  mid- 
dle horizontal  line,  will  have  llie  same  sum  os  all  Ibu  tows 
of  the  magic  square,  viz  15. 

N*iur*l  .Sqtttfr. 
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Or  in  the  two  fullowingsquarcs  of  the  first  25  numtx'rs, 
Naiunl  Sqtuw.  Ms^ir  Sqiurr. 
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where  every  row  and  diagonal  in  the  magic  square  inaki'^ 
just  the  sum  65,  being  the  sume  as  the  two  diagonals  of  the 
natural  square,  as  well  as  of  the  mi<ldle  row  and  middle 
Column. 

It  is  probable  that  these  migic  squares  were  so  called 
both  because  of  this  property  in  them,  viz,  that  the  ranks 
in  every  direction  making  the  same  sum,  upprnred  ex- 
tremely surprising,  especially  in  the  more  ignorant  ages, 
when  mathematics  passt'd  for  magic  ; and  because  also  of 
the  sup<‘rstiiiuus  opt'ratiuns  they  were  employed  in,  as  the 
construction  of  talismans, dtc;  for,  according  to  the  child- 
ish philosophy  of  those  days,  which  ascribed  virtues  to 
numbers,  whut  might  not  be  expt  ctcd  from  numbers  so 
seemingly  wonderfult 

The  mngic  square  was  held  in  great  veneration  among 
the  Egyptians,  and  the  Pythagorcuns  ibeir  disciples,  who, 
tOfidd  more  efficacy  and  virtue  to  this  square,  dedicated  it 
to  the  then  known  7 planets  divers  ways,  and  engraved  it 
on  a plate  Of  the  metal  that  was  csieeme<l  in  sympathy 
with  the  planet.  The  square  thus  dedicated,  was  inclosetl 
by  a regular  polygon,  inscribed  in  a circle,  which  was  di- 
vided into  as  many  equal  urts  as'  there  were  units  in  the 
side  of  the  square;  with  ine  names  of  tho  angles  of  the 
planet,  and  the  signs  of  the  zodiac  written  upon  the  void 
spaces  between  the  polygon  nnd  the  Circumlerence  of  the 
circumscribed  circle.  3uch  aiulismunor  mitni  tbcyvainly 
imaginoil  would,  upon  occasion,  befriend  the  person  who 
carried  it  about  him.  * 

To  Saturn  they  attributed  the  square  of  9 places  or 
cells,  the  side  biung  .3,  and  the  sum  of  the  numbern  in 
every  row  15:  to  Jupiter  the  square  of  places,  the 
side  being  4,  and  the  amount  of  each  row  34:  to  Mars 
the  square  of  25  places,  tlic  side  being  5,  and  the  amount 
of  each  row  65:  to  the  sun  the  stpiare  with  36  p!nce\ 
the  side  bgmg  6,  amt  tho  sum  of  each  row  111:  to  Venus 
the  square  of  49  places,  the  side  being  7«and  the  amount 
of  each  row  175:  to  Mercury  the  stpinre  with  64  placer^ 
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Uio  mAc  being  6,  and  the  sum  of  each  row  260;  and  to  the 
moon  the  square  of  81  places,  the  side  being  9,  and  (he 
amountof  each  row  56*9.  Finally,  they  attributed  to  im- 
perfect  matter,  the  square  with  4 dieisions,  haring  2 for  its 
side;  and  to  God  the  square  of  only  one  cell,  the  side  of 
which  is  also  an  unit,  which  multiplied  by  itself,  undergoes 
no  change. 

However,  what  was  at  first  the  vain  practice  of  conjurers 
and  makers  of  talismans  has  since  become  the  subject  of 
a serious  research  among  mathematicians.  Not  that  they 
imagine  it  will  lead  ibeo)  to  any  thing  of  solid  use  or  ad- 
vaaiage;  but  rather  as  it  is  a kind  of  play,  in  which  the 
difiiculty  makes  the  merit,  and  it  may  chance  to  produce 
some  new  views  or  properties  of  numbers,  which  ma- 
thematicians might  probably  turn  to  some  acct>ant. 

It  would  seem  that  Finan.  Muschnpulus,  a Greek  author 
of  no  high  antiquity,  was  the  first  now  known  of,  who  has 
spoken  of  magic  squares:  he  has  left  some  rules  for  their 
construction;  though,  by  the  age  in  which  he  lived,  there 
is  reason  to  iinagirte  he  did  not  look  upon  them  merely  as 
a mathematician. 

In  the  treatise  of  Cornelius  Agrippa,  so  much  accused 
of  magic,  are  found  the  squares  of  7 numbers,  vii,  from  3 
to  9 inclusive,  disposed  mugicully ; and  it  is  not  to  be  sup- 
posed that  those  7 numbers  were  preferred  (o  all  others 
without  some  good  reason : indeed  it  is  because  their 
squari's,  according  to  the  system  of  Agrippa  and  bis  fol- 
lowers, arc  planetary.  Tlje  square  of  3,  for  instance,  be- 
longs to  Saturn ; that  of  4 In  Jupiter;  that  of  5 to  Mars ; 
that  of  d to  the  sun  ; that  of  7 to  Venus ; that  of  8 to  Mer- 
cury ; and  that  of  9 to  the  moon. 

M.  Buchet  applied  himself  to  theatudy  of  magic  squares, 
on  the  hint  he  had  taken  fmm  the  planetary  squares  of 
Agrippa,  as  being  unacquainted  with  Moschopulus'swork, 
which  IS  only  in  manuscript  in  the  French  king's  library ; 
and,  without  the  assistance  of  any  author,  he  found  out  a 
new  method  for  the  squares  of  uneven  numbers;  for  la- 
stance,  25, or  49,  dec;  but  he  could  not  succeed  with  those 
that  have  even  roots. 

M.  Frenicic  next  engaged  in  this  subject.  It  was  the 
opinion  of  some,  that  though  the  first  Id  numbers  might 
be  disposed  20922789888000  different  ways  in  a natural 
square,  yet  they  could  not  be  disposed  more  than  Id  ways 
in  a ningic  square;  but  M.  Frtmicic  showed,  that  they 
might  be  thus  diHposed  in  878  different  ways.  To  this 
business  hr  thought  fit  to  add  a difficulty  that  had  not  yet 
been  considered;  which  was,  to  takeaway  the  marginal 
nurobrn  quite  around,  or  any  other  circumferem'e  at  plea- 
sure, or  even  several  of  such  circumferences,  and  yet  that 
the  remainder  should  still  be^agical.  Again  he  inverted 
that  condition,  and  required  that  any  circumference  taken 
at  pleasure,  or  even  several  circumfereners,  should  be  in- 
separable from  the  square;  that  is,  that  it  should  cease  to 
be  magical  when  they  were  removed,  and  yet  continue 
magical  after  the  removal  of  any  of  the  rest.  M.  Frenicle 
however  gives  no  general  demonstration  of  his  methods,  and 
it  often  seems  that  he  has  no  other  guide  but  chance.  It 
is  true,  his  bixik  was  not  publishcil  by  himself,  nor  did  it 
apm'ar  till  aiti-r  his  death,  viz,  in  l693. 

In  1703,  M.  Poignard,  canon  of  Brussels,  published  a 
treatise  on  sulilimc  mngic  squares.  Before  his  time  there 
had  been  no  nm^ic  squares  maMe,  but  for  series  of  natural 
numbers  that  formed  a square;  but  M.  Poignard  made 
two  very  cemsiderabic  improvements.  1st,  Instead  of 
taking  all  (ho  numbers  that  fill  a square,  for  instance  tlie 
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S6  successive  numbers,  which  would  fill  all  the  cells  of  a 
natural  square  whose  side  is  6,  ho  only  takes  as  many  suc- 
cessive numbers  as  there  are  units  in  the  side  of  the  sqnsre, 
which  in  this  case  are  6;  and  these  six  numbers  alone  he 
disposes  in  such  manner,  in  the  36  cells,  that  none  of  them 
occur  twice  in  the  tame  rank,  whether  it  be  horizontal, 
vertical, 4>r  diagonal;  whence  it  follows,  that  all  the  ranks, 
taken  all  the  ways  possible,  must  always  make  the  same 
sum ; and  this  method  M. Poignard  calls  repeated  progres- 
sions. 2d,  Instead  of  being  confined  to  take  tbeiv  num- 
bers according  to  the  series  and  succession  of  the  natural 
numbers,  that  it  in  arithmetical  progression,  he  takes  them 
likewise  in  a geometrical  progression  ; and  even  in  an  har- 
monical  one,  the  numbers  of  all  the  ranks  always  following 
the  same  kind  of  progression:  he  makes  squares  of  each  of 
these  three  progressions  repeated. 

M.  Poignard's  book  gave  occasion  to  M.  Lahirc  to  turn 
his  thougnls  to  the  same  subject,  which  he  did  with  such 
success,  that  he  greatly  extended  the  theory  of  magic 
squares,  as  well  for  even  numbers  as  those  that  are  un- 
even ; as  may  be  seen  at  large  in  the  Memoin  of  the  Royal 
Academy  of  Sciences,  for  the  years  1705,  and  in  1710  by 
M.  Sauveur.  See  alsU Saar>dcr»nn’s  Algebra,  voi.l,  pa.354, 
&c ; as  also  my  Mathematical  Recreaiions,  translated  from 
Ozaiiam  and  Nfontucln,  giving  the  following  easy  method 
of  filling  up  a magic  square. 

To  ybrm  a Mapic  S^nre  of  an  Odd  Number  of  Terms  fn 
the  Arithmetic  Fr^^gnssion  ],  2,  5, 4,  dec.  Place  the  least 
term  1 in  the  cell  immediately  under  the  middle,  or  cen- 
tral one,  and  the  rest  of  the  terms,  in  their  natural  order, 
in  a descending  diagonal  direction,  till  they  run  off  cither 
at  the  bottom,  or  on  the  side  : when  the  numb(*r  runs  off 
at  rbo  bottom,  carry  it  to  the  up;>ermost  ctdl  that  is  not 
occupied,  of  the  same  column  that  it  would  have  fallen 
in  below,  and  then  proceed  descending  diagonnlwisc  again 
as  far  as  you  can,  or  till  the  numbers  either  run  off  at  bot- 
tom or  side,  or  arc  interrupted  by  coming  at  a cell  already 
filled;  now  when  any  number  runs- off  at  the  right-hand 
side,  then  bring  it  to  the.farthest  cell  on  the  left  hand  nt 
the  same  row  or  line  it  would  have  fallen  in  towards  the 
right  hand  : and  when  the  progress  diagonalwise  is  inter- 
rup(et)  by  meeting  with  a cell  already  occupied  by  some 
other  number,  then  descend  diagonally  to  the  left  from  this 
■cell  till  an  empty  one  is  met  with,  where  enter  it;  and 
thence  proceed  as  before. 

Thus,  to  make 
a magic  square  of 
the  4p  numbers 
I,  2,  3,  4,  &c. 

First  place  the  I 
next  below  (be 
centre  cell,  and 
thence  descend 
to  the  right  till 
the  4 runs  off  at 
the  bottom, which 
theretore  carry 
to  the  top  comer 
on  the  same  co- 
lumn as  it  would 
have  fallen  in;  but  as  it  runs  off  at  the  side,  bring  it  to  the 
beginning  of  the  second  line,  and  llienee  descend  to  the 
right  till  you  arrive  at  the  cell  occupied  by  1 ; carry  the 
8 therefore  to  the  next  diagonal  cell  to  the  left,  and  vo 
proceed  till  10  run  off  at  the  bottom,  which  carry  there- 
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Toro  to  tbo  top  of  its  column,  and  so  proceed  till  43  rune 
olT  at  the  side,  which  therefore  bring  to  the  beginning  of 
the  same  line,  and  ibence  proceed  til)  13  arrives  at  the 
cell  occupied  by  8;  from  this  therelbrt*  descend  diagonally 
to  ibe  left;  but  as  16'  runs  otf  at  llic  bottom,  cany  it  to 
the  top  of  its  proper  column,  and  thence  di'bcend  till  21 
tun  olf  at  the  side,  which  is  therefore  brought  to  the  bc> 
ginning  of  its  proper  liru';  bur'as  22  arrives  at  the  celt  oc* 
copied  by  13,  descend  diugunolly  to  the  left,  which  brings 
it  into  the  1st  culunm,  but  otf  at  thcJx}ttom,  and  therefore 
jl  is  carried  to  the  tup  of  that  column ; thence  descending 
till  29  runs  otf  bulb  at  the  bottom  and  side,  which  then> 
fora  carry  to  the  highest  unoccupied  cell  in  the  last  co~ 
luinn ; and  hea*,  as  30  runs  ofl  at  the  side,  bring  it  to  the 
beginning  of  its  proper  column,  and  thence  descend  till  33 
runs  ofl  at  the  bottom,  which  therefore  carry  to  the  begin- 
ning or  top  of  its  own  column  ; and  here,  as  36  meets  with 
the  cell  occupied  by  29,  it  is  brought  frum  thence  dia- 
gonally to  the  left;  thence  descending,  38  runaoflf  at  the 
side,  and  theret'ore  it  isMirought  to  the  of  iu 

proper  line;  thence  descending,  41  mas 
tom,  which  thcH'lore  is  carried  to  the  begiiibiigor  top^of 
its  column;  whence  descemling,  43  arrives tt  the  cal)' oc- 
cupied by  36’,  and  therefore  it  is  brought  down  from  thence 
to  (he  left;  thence  dctcciiHing,  46  runs  otf  at  the  side, 
which  thcTffore  i*  brought  to  the  beginning  of  its  line; 
but  here,  »s  47  runs  off  at  the  bottom,  it  is  rarriinl  to  the 
beginning  or  lop  of  its  column,  whence  desceading  with 
48  and  49,  the  «quarc  is  cunipirted,  the  sum  of  every  row 
and  coiiinin  and  dia;;ona)  making  just  173. — 'I'here  are 
many  other  way's  of  filling  up  such  squares,  but  none  that 
arc  caaiar  than  that  above  described  ; unless  pi’rhaps  the 
followiiig mechimical  way, communicated  by  un  ingenious 
friend,  Mr.  J.  D.  Wise,  of  Iloyn  Hill,  near  Maidenhead, 
llerks,  which  is  as  fallows  for  an  odd  number,  suppose  3, 
in  the  prngretsmn  1,  2,  3,  4,  5,  Sec, 

12  3 4 5 

6 7 8 9 10 

11  12  13  14  15 


copied  by  as  many  of  the  25  numl>cr8,  the  other  12  cells 
being  empty,  and  the  filled  and  empty  cells  mutually  al- 
ternating with  each  other,  in  everyone  of  the  10  bands.— 
Lastly,  the  12  comer  numbers  at  first  cut  off,  arc  to  b« 


16  17  18  19  20 
21  22  23  24  25 
First  set  down  the  25 
numbers  in  tbu  form  of  a 
square,  as  in  the  first  dia- 
gram here  above.  Next 
draw  lines  cutting  off  the 
three  figures  at  each  cor- 
ner, via,  the  1 , 2, 6‘,  ut  the 
tipper  left-hand  corinr; 
the  4,  5,  10,  at  the  uppi'r 
right-hand  comer ; and 
in  like  manner  l6, 21,22, 
and  20,  24,  25  at  the  bot- 
tom comm;  which  four 
lines  will  form  a square; 
then  draw  inner  lines  pa- 
rallel to  these,  and  they 
will  divide  the  figure  into 
25  Cklls,  as  in  the  2d 
diagram  above,  in  which 
13  of  the  cells  will  be  oc- 


carried  into  the  aforesaid  12  enipty«cells,  in  this  manner: 
viz,  each  of  these  12  external  numbers  is  to  be  carried  to 
the  farthest  distant  empty  cell  in  the  band  opposite  to 
w hich  it  stands ; thus,  the  2 is  carried  along  its  opposite 
band  to  the  empty  cell  below  the  No.  1 4;  in  like  manner, 
the  1 if  carried  to  (he  cell  next  below  13,  (he  6 to  the  cell 
next  below  18,  the  4 along  its  band  to  the  cell  ne.xt  below 
12,  the  5 to  the  cell  below  13.  the  10  m the  cell  below  18, 
the  16  to  the  Ceil  above  8,  the  21  to  the  cell  above  13,  the 
22  to  the  cell  above  14.  (he  20  to  the  cell  above  8,  the  24 
to  (be  cell  above  12,  and  the  23  to  the  cell  above  13; 
thus  completing  (he  magic  square,  as  in  the  3d  diagram, 
which  is  a perfect  square,  the  lum  of  the  numbers  in  every 
band,  and  in  both  the  diagonals,  making  up  the  same  quan- 
tity, 65. 

Kor  the  purpose  of  perspicuity,  in  the  above  process, 
three  diagrams  have  been  employed,  in  order  to  exhibit 
distinctly  ihc  several  stages  of  the  process;  though  in  fact 
one  diagi-am  only  is  quite  sufHcicnl  in  practice.  And  the 
method  is  the  some  for  squares  of  any  other  odd  number 
of  colli. 

The  same  learned  friend  communicated  a gn*ai  many 
more  of  very  ingenious  constructions  of  squares,  ihat  are 
much  larger  and  mure  curious  than  any  that  have  yet  been 
published,  but  arc  t<x>  extensive  fur  this  place ; but  it  is  tu 
be  wished  that  he  will  himself  give  them  entire  to  the  pub- 
lic in  a connected  state. 

It  was  observed  before,  that  (he  sum  uf  the  numbers  in 
the  rows,  columns  ami  diagonals,  was  13  in  the  square  of 
9 numbers,  34  in  a square  of  16,  65  in  a square  of  23, 
Sici  hence  then  is  derived  a mcthr»d  of  finding  the  sums 
of  the  numbers  in  any  otht  r square,  viz,  by  taking  the  suc- 
cessive differences  till  they  bi'comc  equal,  and  then  adding 
them  successively  to  produce  or  find  out  (he  amount  of 
the  following  sums.  Thus,  hosing  ranged  the  sides  and 
cells  in  two  columns,  and  a few  iif  the  first  sums  in  a 
third  column,  lake  the  first  dilferenci'ii  of  thcsi*,  which  will 
be  1,  4,  10,  I9i  Sec,  as  in  the  4th  column;  and  of  ilicse 
take  (he  differenct's  0,  3,  6,  9>  Sec,  as  in  the  3lh  co- 
lumn; and  again  of  these,  the  diffeix'tices  3,  3,  3 as 
in  the  6’th  or  last  column.  Theii,  rctuiiimg  back  again, 
add  always  3,  the  constant  last  nr  3d  differericc,  to  the  lost 
found  of  the  2d  dilfercnces,  which  will  complete  the  re- 
mainder of  the  column  of  thest',  viz,  13,  18,  21,  24,  Sec  : 
then  add  these  2d  dillcrencfs  to  the  last  found  of  the  1st 
differences,  which  will  complete  the  column  of  these, 
viz,  giving  31,  4f>,  64,  : lastly,  add*  tilways  thestr  cor- 

responding 1st  diffi'rences  to  the  last  found  number  or 
amount  of  the  sums,  and  the  column  of  suras  will  ibus  bi* 
completed. 


Side.  Cefts.  Sums. 
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Again,  like  as  the  terms  of  an  arithmetical  progression 
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arrantt<*<l  ma^icallv*  give  llie  same 
sum  III  rvrry  ruw  v>  llio  tnrin»  oil 
a goonutricat  ti'riui  arranzrd  magi- 
cally gi\c  the  »A»nc  proiJuci  in'every 
row  &c,  by  multiplying  ific  numben 
conttnuaNy  logolhi-r;  this  pro 
grc*M«n  i.  H,  l6,  Ate,  arrangpj 
AS  in  tbi'  margii),  givest  hir  i-acb  con* 
tinual  produci,  4096'  in  every  row 
Ac,  which  is  just  the  cube  o('  ibe 
fuiJdlc  term,  16. 

Also,  the  terms  of  an  harmonical 
progression  being  ranged  magically, 
as  in  the  niargin,  ba\e  the  terms  in 
each  row  Csc  in  hurmonical  progres- 
sion. 

The  ingenious  Dr.  Franklin,  it  seems,  earned  this  cu- 
rious speculation  further  than  any  ul  hispreiiecessun  in  the 
sane  way.  He  constructed  both  u large  Magic  bquare 
of  Squan*s,  and  a Magic  Circle  of  Circles,  the  description 
of  which  may  b*/  seen  in  the  collection  of  his  works,  .with 
raany  curious  properlics;  but  the  square  is  omilled  here, 
us  an  uiipi'rft'Ction  ha^  tnvn  delected  in  the  diagonals. 

The  Magic  Circle  ol'Circles^g.'?,  pi.  I9,  by  this  author, 
is  compose!  ol  aserieiof  mimbcrs,  from  1*2  to  75  inclusive, 
divided  into  8 concentric  circular  spaces,  and  ranged  in 
8 radii  of  numbiTH,  with  the  number  12  in  the  centre;  which 
number,  like  the  centre,  is  common  to  all  these  circular 
spaces,  mid  to  all  the  radin 

The  numbers  are  so  pl:icc<l,  that  1st,  the  sum  of  all  those 
in  either  of  the  concentric  Circular  spaces  above  mentioned, 
together  with  the  central  nurnbi'r  12.  nnxmnt  to  db'O,  the 
same  as  the  number  of  degrees  in  a circle.  » 

2.  The  iKunberi  in  each  radius  also,  together  with  the 
central  number  12,  makejgist  efiiO. 

3.  The  numbers  in  ball  of  uny  of  (he  above  circular 
spaces,  taken  either  above  or  below  the  double  bonxonul 
line,  wiili  haif  the  central  number  12,  make  just  180,  or 
hull  the  degnvs  in  a circle. 

4.  If  any  four  adjoining  numbers  be  taken,  ns  if  in  a 
S(]Uare,  in  the  radial  divisions  of  these  circular  spaces;  the 
sum  of  these,  with  half  the  central  number,  make  also  the 
same  180. 

5.  There  arc  also  included  four  sets  of  other  circular 
spaa-s.  bnutided  by  circles  thut  me  excentnc  with  regard 
to  tbe  common  centte ; each  of  which  sets  contain  five 
spnec's;  and  tin  ir  centres  being  at  a.  n,  r,  n.  For  dis- 
Ifnction,  tlnse  circles  arc  drawn  uiih  diHeieut  marks, 
some  dotted,  others  by  short  unconnecli'd  lines,  Ac  ; or 
still  better  with  inks  ot  divers  colours,  us  blue,  red,  grivn, 
yellow. 

These  sets  of  cxci-nlric  circular  spaces  intersect  those 
of  the  concentric,  and  each  other;  and  vet,  the  numbers 
containetl  in  each  of  the  rxcentric  spaces,  taken  all  ariiund 
through  any  of  the  20.  wiiich  are  excenlric,  make  tlic 
same  sum  as  those  in  the  concentric,  osirM-ly  S()0,  when 
the  central  numbi*r  l2UaiUlcd.  ’lluirhalus  al>o,  taken 
above  or  below  the  double  horizonul  line,  nidi  half  the 
central  utimber,  make  up  t&O.  It  is  obv'rvable,  that 
tlKireis  not  oih'  of  the  numbers  but  what  belongs  at  least 
to  two  of  tiie  circular  spaces  ; some  to  three,  some  to  four, 
some  to  five  : iind  yet  they  are  all  so  placed,  a>  never  to 
break  the  required  nuiv.ber  3(i0,  in  any  of  the  28  circuiur 
spaces  within  the  primitive  circle.  They  have  also  other 
* properties.  Frunktin's  Lxp.  and  Obs.  pa.  350,  i^Jit. 


4io,  1769;  or  Ferguson's  Tables  and  Tracts,  1771,  p.*» 
318;  or  my  Uecreations,  vul.  1,  pa.  183. 

In  Dr.  Franklin’s  magic  square,  above-mentioned,  three 
accidentally  erroneous  numbers  have  been  detected  by 
Isaac  Dalby,  K.sq.  iirst-prufeasor  at  the  Royal  Military 
College,  which  be  has  communicated,  us  well  as  the  disco- 
very of  a radical  imperfection  in  the  square,  owing  to  im 
inequality  in  the  two  diagonals : for  though  the  hall  diugo- 
nuls  have  the  proper  sums,  yet  the  whole  diagonals  havu 
not.  Mr.  Dalby  has  therefore  construcUHl  anotiier  perfect 
magic  square  of  magic  squares,  engraven  on  pl.  19t  hg.  1. 
the  properties  of  which  are  as  below. 

1’bii  magic  square,  made  with  the  series  1,  2,  3,  4,  Ac, 
to  25(i,  is  composed  of  lb’  magic  squares  of  16  cells  each  ; 
tbe  4 numbers  in  each  column,  or  diagonal  of  each  of  lho« 
squares,  muke5l4, 4iiid  consequently  each  column  or  dia- 
gonal of  the  great  square  is  514  x 4 or  2055'. 

The  principal  pioperlies  are 

1.  The  sum  of  the  4 numbers  in  any  4 contiguous  cells 
forming  a square  (the  square  of  2)  is  514;  thus,  226  -w  32 
-►  255  -1-1  =s5l4;  and  I -►  242  •►  2+0  -►  31  =514, 
&c.  Consequently 

2.  The  sum  of  tbe  I6  numbers  in  any  I6  cells  making 
a square  (the  square  of  4)  is  514  x 4=z2056:—  in  any 
squat  e of  36  cells  (the  square  of  6)  the  sum  is  514  x 9 = 
—and  51+  x I6  in  a square  of  64  cells:— 514  x 25  in 
that  of  ll>0cells:— 514  x 36  in  a square  of  1+4  cells  ; — 
and51+  x 49  inanysquare  huvingli  for  its  side.  Thus 
if  a square  hole  just  the  size  of  1 6 cells  be  cut  in  a paper, 
and  the  paper  laid  any  where  upon  the  great  square,  the 
sura  of  the  I6  numbers  appearing  through  the  hole  will 
always  be  514  x 4.  If  the- bole  takes  in  36  cells,  the 
sum  IS  514  X 9:  &c. 

3.  The  sum  of  the  4 corner  numbers  of  cither  of  these 
squHiTv  wdlalways  be  514. 

4.  The  sum  of  the  l6number»  in  any  bent  row  whose 
halves  are  parallel  (o  (he  diagonals  is  2056 ; thus,  from  26 
to  36,  and  from  173  to  151,  is  a bent  row  ; also,  fiom  7+ 
to  22,  and  fruui  227  to  I91  aimther  bent  row',  Ac. 

5.  Jf  ibc  square  be  di\iih’<f  horisoniully,  nr  veriicully, 
tbrough  the  middle,  the  halves  may  change  places,  and 
the  properties  of  the  square  will  remain  as  before. 

6.  If  thesquarebc  cut  into  the  I6  squares,  it  is  manifest 
that  any  four  of  (hem  will  make  a magic  square  of  64 
cells;  and  any  nine  another  magic  square  of  1+4  cells; 
Const>quenlly  as  many  different  magic  squares  of  64  Cell's 
ami  also  of  144  cells,  may  be  m.idc  with  the  I6  squares, 
ttti  there  are  combinations  of  4 in  16,  and  of  9 in  10. 

'Fhc  construction  of  the  great  square  evidintly  ilepcnds 
upon  that  of  a magic  square  of  I6  cells  having  the  sura  of 
the  4 numbers  in  any  squaiv  composed  of  4 cells  always 
the  same.  To  construct  such  a square  with  the  sines 

I,  2,3,  4,  Ac.  to  16.  hr»t,  = 3+  the  sum 

in  each  column  or  diagonal,  or  in  the  4 Cells.  Now  ai- 
range  the  l(>  numbers  us  in 
fig.  I.,  (ben  by  the  nature  of 
the  progfL-ssion,  each  diag*»- 
nal  will  contain  3+ : and  the 
excess  above  3+  in  the  4ih  p<  rp<‘»- 
dicular  column  on  the  right  is 
equal  to  the  defect  in  the  1st 
column  on  (iie  left;  and  the  ex- 
cess and  detect  in  (be  lower  and 
upper  horizontal  column:  arc  also 


F/»,  1. 


1 

5 

9 

15 

2 

6 

10 

1 + 

3 

7 

u 

1.5 

4 

3 

12 

16 

Digitize:;  by  Google 


MAG 


[ 9 J 


MAG 


Fig.  2. 


1 

12 

8 

13 

15 

6 

10 

3 

14 

7 

u 

2 

4 

9 

* 

i6 

Fig.  3. 
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'the  tame ; hence  ((he  comer 
numbers  remaioing)  if  2 end  15, 
d aud  14,  5 and  12,  p and  8 re* 
epecuvdy  change  placet,  we  hare 
the  magic  square  fig.  2.  In  this 
square,  however,  only  the  middle 
square  of4cclls,  and  the  4 corner 
ones  contain  34  each : but  in 
magic  squares  we  readily  obtain 
varieties  by  shifting  the  columns  : 
thus  in  fig.  2,  the  2d  vertical  co> 
lumn  from  the  left  may  be  made 
the  last  on  the  right,  or  the  3d 
from  the  left  made  the  1st,  and 
the  two  upper,  or  the  ttro  lower 
horiaontal  columns  take  place,  of 
one  another;  either  of  these  ar* 
rangenicnis  will  answer:  thus,  let 
the  3d  vertical  Column  be  brough  t 
on  tbc  left,  and  change  the  twg 
upper  honaunial  columns  one  for 
the  other,  and  we  get  the  magic 
square  tig.  3,  having  34  in  any 
square  of  4 cells. 

It  will  now  be  perceived  that  the  numbers  in  fig.  3, 
consist  of  pairs  situated  alternately,  tbc  sums  being  18  and 
10'  respectively;  thus  10  **-  8,  15  •4-  1,  6 12,  &c,  are 

pairs.  Hedbc,  to  make  the  great  square  with  the  scries 
1,  2,  3,  4,  dtc.  to  256',  let  the  numbers  be  arranged  thus 
256  255  254  253  252  251  . ^ 

2 i 4 3 6 5 

the  pairs  making  258,  256,  258,  &c,  and  call  the  upper 
or  gpeaier  numbers  the  complements  of  the  lower  or  leaser 
numbers : then  arrange  the  first  32 
numbers  of  the  lower  series  (consisting 
of  the  numbers  from  1 to  128)  as  in 
the  margin  : next,  place  the  8 upper 
numbers  with  their  complements  in  a 
square  of  l6  cells  in  the  same  order, 
from  the  least  to  the  greatest,  as  they 
stand  in  fig.  3,  and  wc  shall  have  the 
first  or  corner*  square  'of  the  groat 
square  on  the  left  at  top. 

Iniig.a.  1 t 3 9 4 > 6 7 • 9 10  ||  13  10 

Corretponi.  numb./  f 3 IS  Ifi  17  IB  01  03  33S  336  300  340  341 
In  fig.  0.  1 14  IS  16 

Cormpord  nnmb.  j 343  3SS  3S6  - 

The  next  8 numbers,  or  5,  4,  1.3,  14,  jp,  20,  2.0,  30, 
with  their  complements  make  the  2d  square  downwards, 
and  BO  on  for  ihe  four  first  squares  on  the  left.  And  for 
the  next  4 squares,  the  numbers  from  32  to  diareur* 
ranged  n«  ubme:  and  two  morn  arrangements,  viz,  from 
64  to  p6,  and  from  p6  to  128,  in  the  same  mnmier,  will 
complete  the  It) squares. 

It  is  alread;^  remarked  that  the  pairs  fall  alternately  in 
fig.  3 i and  the  same  order  necessarily  result  in  the  great 
square  ; the  pairs  making  258  and  256  throughout : and 
2.58  -♦»256^514;  therefore  when  two  numbers  with 
their  complements  occupy  a square  of  4 cells,  it  iaobvious 
their  sum  is  5l4;  but  the  sum  will  also  be  equal  to 
258  -e  256,  when  the  4 numbers  belong  to  4 pair,  the 
excess  on  one  side  being  equal  to  the  defect  on  the  other; 
thus,  taking  the  numbers  in  the  2d  and  3d  horizontal  co- 
lumns by  fours,  32  -*■  23p  = 271,  1 242  = 243,  now 

271  - 256  = 15, and  258  - 243  = 15, ‘therefore  271  -h 
VoL.  II. 
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243  at  258  456;  and  tbc  like  of  any  other  4 adjacent 

numbers  in  the  two  ranks.  * 

But  Dr.  Franklin,  instead  of  taking  256 and  258  alter- 
nately, begins  with  tvro  pair  of  258  in  succession : thus,* 
200  -4“  58  = 258,  the  first  pairat top ; tb«n  ip8  **-  60  b 258, 
the  next  under : and  these  arc  followed  by  four  pair  of  258 
each ; ihus^  201  55  =»  256,  the  first  pair;  then  203 

53  ss  250  the  next  under,  &c;  and  the  two  pair  at  the 
bottom  of  the  column  are  258  eacli^  or  ]p6  -i*  62  and 

lp4  64.  His2dverlicalcolumnbeginsatrop  witbtwo 

pair  of  250  each,  und  these  are/ollowed  by  four  pair  of 
258.  Jn  this  manner  he  baa  a regular  alternation  of  2 
pair  and  4 pair,  throughout  Ills  square;  but  ihis  con- 
struction will  not  answer  diagonally,  and  therefore*  hit 
square  is  radically  wrong,  and  cannot  be  mended  but  by  a 
new  one. 

The  doctor's  smaller  square  loo,  of  64  ceils  (in  plato5 
in  his  4Vorks),  is  constructed  in  a manner  similar  to  his 
large  one,  namely,  by  pairs  of  numbers,  whose  suras  are 
66 and  64;  but,  instead  of  these  sums  or  pairs  being  alter- 
nate, we  find  66'firsl,  then  two  of  64  each ; next  66  (taking 
the  first  vertical  column  on  the  left,  and  proceeding  down- 
wards) : this  order  ruqs  through  the  whole  square,  and  in 
consequence  it  tails  diagonally,  one  diagonal  being  202 
the  other  228.  ' 

l-ast  year  Mr.  Youlc,  schoolmaster  at  Sboflield,  published 
an  Arithmetic,  to  which  is  added  a tract  on  magic  squares: 
in  this  we  are  informed,  that  the  Rev.  Mr.  Watson  of 
Whitby,  in  a small  treatise  lately  published,  has  noticed 
tbc  deficiencies  in  Doctor  Franklin’s  squar«>,  and  bu  given 
a magic  square  of  256*  cells,  with  the  following  additional 
properly,  viz—**  tbc  4 corner  numbers  of  every  interior 
square  whose  root  is  an  even  number,  whether  concentric 
or  not  to  the  great  square,  always  make  514." 

Watson  has  also  analysed  the  doctor’s  magic  circle  of 
circles,  which  is  made  with  tbc  numbers  of  a magic  squaie 
of  64  cells  (tbc  numbers  from  12  to  75). 

'The  square  in  Voulc’s  book  is  cunstructed  with  pairs  of 
256  and  258,  as  in  Dr.  F.'s  and  mine  : but  Youle’s  tlu'ory 
and  mine  arc  totally  different.  * ^ 

MAGICAL  Picture,  in  Electricity,  was  first  contrived 
by  Mr.  Kinnerslcy,  and  is  thus  constructed:  Having  a 
large  mezzotiiito  with  a frame  and  glass,  as  of  the  king  for 
instance,  take  out  the  print,  and  cut  a paimel  out  of  it, 
near  two  inches  distant  from  the  frame  all  around;  then 
w ith  thin  paste  or  gum-water,  fix  the  border  that  is  cut  off 
on  the  inside  of  the  gintis,  pressing  it  smooth  and  close; 
then  fill  up  the  vacancy  by  gilding  the  glass  well  with  leal- 
gold  or  brass.  Gild  likewise  the  inner  edge  of  the  bark  of 
Ihe  frame  all  around,  except  the  top  pnrr,  and  form  a 
communication  between  that  gilding  and  the  gilding  |»e- 
hiiid  the  glavs ; then  put  in  the  board,  and  that  side  is 
finished.  Next  turn  up  the  gla«,  and  gild  the  foresrde  ex- 
actly over  the  back  gilding,  and  when  it  is  dry,  cou-r  it 
by  pasting  on  the  pannel  of  the  picture  that  has  been  cut 
out,  observing  to  bring  the  corresponding  parts  of  the’ 
border  and  picture  together,  by  which  means  the  picture 
will  appear  entire,  as  at  first,  only  part  bch  nd  the  glass^ 
and  part  before. 

H<dd  the  picture  horizontally  by  the  top,  and  place  a 
small  moveable  gilt  crown  on  the  king’s  head.  If  the 
picture  be  moderately  electrified,  ami  another  person  take 
hold  of  the  frame  with  one  hand,  so  that  his  fingers  touch 
its  inside  gilding,  and  with  the  other  hand  enddavour  to 
' C 


Digitized  by  Google 


MAG 


MAG 


■ t ■« 

ttke  off  the  crown,  he  will  reccirc  a violent  blow,  and  foil 
in  the  attempt.  If  the  picture  were  highly  charged,  the 
convcqneoce  might  he  as  fatal  as  that  of  high  treasou. 
*'l'he  opfralor,  who  holds  the  picture  by  the  upper  end, 
^hcre  the  inside  of  the  frame  is  nf)i  gilt,  to  pre^’ent  it# 
failing,  feds  nothing  of  the  shock,  and  may  touch  the  face 
of  the  picture  without  dangrr.  And  if  a rin^  of  persons 
take  the  shock  among  them,  the  experiment  is  called  the 
conspirators.  .S<w;  Fninklin*#  Kxper.  and  Observ.  pa.  30. 

M.\GlNI  (Joun-Antiiox v),  ofMacinus,  professor 
of  mathematics  in  the  4nivcr>ity  of  Rulogna,  was  born  at 
I’aduain  the  year  Magini  was  remarkable  for  his 

great  assiduity  in  acquiring  and  improving  the  lAiowlcdgc 
of  the  malheinaticai  sciences,  with  soveral  new  inveiuiuns 
fur  these  purposes,  and  fur  the  extraordinary  favour  he 
obtained  from  most  princes  of  bis  time.  'I'his  doubtless 
arose  partly  from  tbc  celebrity  he  had  in  matters  of  astro- 
logy,  to  aliich  he  wasgrcatly  addicted, making  horoscojK'S, 
and  lureiclliiig  evtnik,  both  relating  to  persons  and  things. 
He  was  invited  by  the  Emperor  Rodolphus  to  come  to 
Vienna,  where  he  promised  him  a professor’s  chair,  about 
the  year  1597  ; but  nut  being  able  to  prevail  on  him  to 
•eltle  there,  he  nevertheless  gave  him  a handsome  pension. 

It  is  said,  be  wa*  so  much  addicted  to  astrological  pre- 
dictions, that  he  not  only  foretold  many  good  and  evil 
events  relative  to  others  with  success  ; but  even  foretold 
bis  own  death,  which  came  to  pass  the  same  year:  all 
which  he  represenU'd  os  under  the  influence  of  the  stars. 
Tomasini  says,  that  Magini,  being  advanced  to  his  6lst 
year,  was  struck  with,an  apoplexy,  which  ended  his  days ; 
and  that  a long  while  before,  he  had  told  him  and  others, 
that  he  was  afraid  of  that  year.  And  RofTcni,  his  pupil, 
says,  that  Magini  died  under  an  aspect  nf  the  planets, 
which,  according  to  hisown  prediction,  would  prove  fatal 
to  him  ; and  be  mentions  RiccioH  as  affirming  that  he  said, 
the  i^ure  of  his  nativity,  and  his  climacteric  year,  doomed 
him  to  die  about  that  time  ; which  happened  in  l6l8,  in 
the  62d  year  of  bis  age. 

11  is  writings  however  do  honour  to  bis  memory,  as  they 
were  very  con>iderablc,  and  on  learned  subjects.  The 
principal  were  the  following:  1.  His  Ephemeris  in  3 v<^ 
iumes,  from  the  year  1580  to  1630. — 2.  Tables  of  Sc»‘ 
condary  Motionv — 3.  Astronomical,  Onomonical,  and 
Geographical  Problems.— 4.  Theory  of  the  Planets,  ac- 
cording to  Copernicus.— 5.  A Confutation  of  Scaliger’s 
Dissertation  concerning  the  Precession  ot  the  Equinox. 
—6.  A Primum  Mobile,  in  12  books. — 7.  A Treatise  of 
Plane  and  Spherical  Trigoiiumclry. — 8.  A Commentary 
on  Ptolemy's  Geography.— 9>  A Cborugraphical  Dc* 
scriplioD  of  the  Regions  aud  Ciuesof  Italy,  illu:»lrated  with 
60  maps;  with  some  papers  on  astrological  subjects. 

MAGNET,  Maokes,  the  Loaditone;  a kind  of  ferru- 
ginous stone,  resembling  iron  ore  in  weight  and  colour, 
though  rather  harder  and  heavier;  and  is  endued  with 
divers  extraordinary  properties,  attractive,  directive,  in- 
■clinatnry,  &c.  See  Magnetism. 

ITie  magnet  is  also  called  lapis  Heraclmus,  from  Hera- 
dca,  a city  of  Magnesia,  a port  of  the  ancient  Lydia, 
where  it  was  said  to  have  been  first  found,  and  from  which 
it  is  usually  supposed  that  it  took  its  name.  Though 
some  derive  (he  word  from  a shepherd  named  Magnes, 
who  Arvt  discovered  it  on  mount  Ida  with  the  iron  of  his 
crook,  k is  also  called,  lapis  nauticus,  from  its  use  in 
navigation:  also  sidcrites,  from  its  virtue  in  attracting 
* iron,  which  the  Greeks  call  cior^^of. 


] 

The  magnet  is  usually  found  in  jrorKmines,  and  some- 
times in  very  large  pieocs,  half  magnet,  half  iron.  Its  co- 
lour is  different,  as  found  in  difterent  countries.  Norman 
observes,  that  the  besrarc  those  brought  from  China  and 
Bengal,  which  are  of  a rusty  or  sanguine  colour ; those 
of  Arabia  arc  reddish  ; those  of  Macedonia,  blackish  ; and 
those  of  Hungar}%  Germany,  England,  &c,  the  colour  of 
unwruugbt  iron.  Neither  its  ligurc  nor  bulk  are  constant 
or  determined;  being  found  of  all  shapes  and  sues. 

The  ancients  reckoned  five  kinds  of  magnets,  different  in 
colour  and  virtue  : the*  Etbiopic,  Magnesian,  Ihzotic, 
Alexandrian,  and  Natolian.  Ibey  also  fancied  it  to  be 
male  and  female:  but  the  chief  use  they  made  of  it  was 
in  medicine;  especially  fur  the  cure  of  burns  and  de- 
fluxions of  ilie  eyes. — The  modems, "'more  happy,  take  it 
to  conduct  them  in  their  vpyages. 

The  most  distinguishing  properties  of  the  magnet  are. 
That  it  attracts  iron,  and  that  it  points  towards  the  poles 
of  the  world  ; and  in  other  circumstinces  also  dips  or  in- 
clines to  a point  beneath  the  horiaon,  directly  under  tho 
pole  ; it  also  communicates  these  properties,  by  contact, 
to  iron.  By  means  of  which,  arc  obtained  the  mariner’s 
needles,  both  horixontal  and  incliuatory  or  dipping 
needles. 

The  Attractive  I^erqf  (AcMaiinet,  was  known  to  tha 
ancients,  and  is  mentioned  even  by  Plato  and  Euripides, 
who  call  it  the  Herculean  stone,  because  it  commands 
iron,  which  subdues  every  thing  else : but  tKc  knowledge 
of  its  directive  power,  by  which  it  disposes  its  poles  along 
the  meridian  of  every  place,  or  nearly  so,  and  causi-s 
needles,  pieces  of  iron,  &c,  touched  with  it,  to  point 
nearly  north  and  south  also,  is  of  a much  later  date; 
though  (he  discoverer  himself,  and  the  exact  time  of  the 
discovery,  be  not  now  known.  The  first  mention  of  it  is 
about  1260,  when  it  has  been  said  that  Morco  Polo,  a 
Venetian,  introduced  the  mariner’s  compass;  though  not 
as  an  invention  of  his  own,  but  as  derived  from  the  Chi- 
nese, who  it  seems  had  the  use  of  it  long  before  ; though 
some  imagine  that  the  Chinese  rather  borrowed  it  from  the 
Europeans. 

But  FlaviodcGira,  a Neapolitan,  who  lived  in  the  1 3th 
century,  il  the  person  usually  supposed  R)  have  the  best 
title  to  the  discovery;  and  yet  hir  G.  Wheeler  mentions, 
that  he  had  seen  a book  of  'astronomy  much  older,  w hich 
supposed  the  use  of  the  needle;  though  not  as  applied  to 
the  purposes  of  navigation,  but  of  astronomy.  And  in 
Guiotde  Provins,  an  old  FrAich  poet,  who  wrote  about 
the  year  1180,  there  is  an  express  mention  made  of  ihc 
loadstone  and  the  compass;  and  their  use  in  navigation 
obliouely  hinted  at. 

1»e  Variation  of  the  Magnet,  or  needle,  oritsdeviatiun 
from  the  pole,  was  first  discovered  by  Sebastian  Cabot,  a 
Venetian,  in  1500;  and  the  variation  of  that  variation,  or 
change  in  itsdirection,  by  Mr.  Henry  Gcilibraad,  professor 
of  astronomy  in  Gresharo-college,  about  the  year  l625. 
Lastly,  the  dip  or  inclination  of  the  needle,  when  at  liberty 
to  play  v'criically,  to  a point  beneath  the  borioon,  was  first 
discovefed  by  another  of  our  countrymen,  Mr.  Robert 
Norman,  about  tbc  year  1576. 

The  Phenomena  the  Magnet,  are  as  follow:  1,  In 
every  magnet  there  arc  two  pules,  of  which  the  one  points 
northwards,  the  other  southwards,  when  it  is  ^ireely  sus- 
-pended;  and  if  the  magnet  be  divided  into  ever  so  many 
pieces,  the  two  poles  will  be  found  in  each  piece.  The 
poles  of  a magnet  may  be  found  by  holding  a very  hue 
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thort  ueedU  Oftr  U ; for  where  the  poles  are,  (he  needle 
will  stand  upright,  but  no  where  else.^9,  These  poles,  in 
different  parts  of  the  globe,  are  differently  inclined  towards 
a point  under  the  horizon.-*S,  And,  though  contrary  to 
each  other,  do  help  inutually  towards  the  magnet’s  attrac- 
tion and  suspension  of  iron.-^.  If  two  magnets  be  sphe- 
rical,one  will  turn  or  conform  itself  to  the  other,  so  as 
either  of  them  would  do  to  the  earth ; and  after  they  have 
90  conformed  or  tumcti  ihemselvrs,  they  endeavour  to 
approach  or  join  each  other;  but  if  placed  in  a contrary 
position,  they  avoid  each  other.— 5»  If  a magnet  be  cut 
through  the  axis,  the  segments  or  parts  of  the  stone,  which 
before  were  joined,  will  now  avoid  and  lly  each  other.— 
6,  If  the  magnet  be  cut  perpendicular  to  its  axis,  ibe  two 
points,  which  before  were  conjoined,  will  become  contrary 
poles;  one  in  each  segment.— 7»  Imn  receives  virtue  from 
the  magnet  by  application  to  it,  or  barely  from  an  ap- 
proach near  it,  ihough  it  do  not  touch  it;  and  the  iron 
receives  this  virtue  variously,  according  to  the  parts  of  the 
stone  it  is  made  to  touch,  or  even  approach  to.— 8,  If  an 
oblong  piece  of  iron  be  in  any  manner  applied  to  the  stone, 
it  receives  virtue  from  it  only  lengthways. — The  magnet 
loses  none  of  its  own  virtue  by  communicating  any  10 
the  iron;  and  this  virtue  it  can  communicate  to  the  iron 
very  tpe^ily : though  the  longer  the  iron  joins  or  touches 
the  stone,  the  longer  will  it  maintain  its  communicated 
virtue;  and  a better  magnet  will  communicate  more  of 
it,  and  sooner,  than  one  not  so  good.— 10,  Steel  receives 
virtue  from  the  magnet  belter  than  iron.>-ll,  A needle 
touched  by  a magnet  will  turn  its  ends  the  same  way  to- 
wards the  poles  of  the  world,  as  the  magnet  itself  doea.— 
12,  Neither  loadstone  nor  needles  touched  by  it  conform 
their  poles  exactly  to  those  of  the  world,  but  have  usually 
some  variation  from  them : and  this  variation  is  different 
in  different  places,  and  at  divers  times  ia  the  same  places. 
—13,  A loadstone  will  take  up  much  more  iron  when 
armed,  or  capped,  than  it  can  alone.  (A  loadstone  is 
said  to  be  armed, when  its  poles  are  surrounded  with  plates 
of  steel : and  to  determine  the  quantity  of  steel  to  be  ap- 
plied, try  the  magnet  with  several  ste<d  bars;  and  the 
greatest  weight  it  takes  up,  with  a bar  on,  is  to  be  the 
weight  of  its  armour.)  And  though  an  iron  ring  or  key 
be  suspended  by  the  loadstone,  yet  this  does  not  hinder 
the  ring  or  key  from  turning  round  any  way,  either  to 
the  right  or  left. — l<i,  The  force  of  a loadstone  may  be 
variously  increased  or  lessened,  by  variously  applying  to 
it,  either  iron,  or  another  loadstone.— 15,  A strong  mag- 
net at  the  least  distance  from  a smalU  r or  weaker  one, 
cannot  draw  to  it  a piece  of  iron  adhering  actually  to  such 
smaller  or  weaker  stone;  but  if  it  touch  it,  it  con  draw  it 
from  the  other:  but  a weaker  magnet,  of  even  a small 
piece  of  iron,  can  draw  away  or  separate  a piece  of  iron 
contiguous  to  a larger  or  stronger  magnet.— 16,  In*these 
northern  parts  of  the  world,  the  south  pole  of  a magnet 
will  rai»e  up  more  iron  than  its  north  pole.— 17,  A plate 
of  iron  only,  but  no  other  body  interposed,  can  impede 
the  operation  of  the  loadstone,  either  as  to  its  attractive 
or  directive  quality.— 18,  The  power  or  virtue  of  a load- 
stone may  be  impaired  by  lying  long  in  a wrong  position, 
as  also  by  rust,  wet,  Ac;  and  may  be  quite  destroyed  by 
tire,  li;;htaiiig,  Ac.— 19,  A piece  of  iron  wire  well  touched, 
on  being  bent  found  in  a ring,  or  coiled  round  on  a slick, 
Ac,  will  alwayq^xve  its  directive  virtue  diminished,  and 
often  quite  distriijad,  Aqd  ycl  if  the  whole  length  of 
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the  uirewere  met  entirely  b«*nl,  so  ihil  the  ends  of  it, 
though  but  fur  the  length  of  une-tenth  of  an  inch,  were 
left  straight,  the  virtue  will  not  be  destroyed  in  those 
parts;  though  it  will  in  all  the  rest. — 20,  The  sphere  of 
activity  of  magnns  is  greater  and  lc»  al^iffereiu  umc«. 
Also,  the  variation  of  the  needle  from  the  meridian,  is 
various  at  different  limes  of  the  day.— 21,  By  twisting  a 
piece  of  wire  touched  with  a on-gnet,  its  virtue  is  greatly 
diminished;  and  soroetimes  so  disordered  and  confuted, 
that  in  some  parts  it  will  attract,  and  in  others  repel ; and 
even,  in  some  places,  one  side  of  the  wire  ^ms  to  l>e  at- 
tracted, and  the  other  side  repelled,  by  one  and  the  same 
pole  of  the  atone.— 22,  A piece  of  wire  that  has  been 
touched,  OQ  being  split,  or  cleft  in  two,  the  |iolet  an* 
sometimes  changed,  as  in  a cleft  magnet;  cite  oottb*pole 
becoming  the  south,  and  the  south  the  north : and  yet 
sometimes  one  half  of  the  wire  will  retain  its  fomu-r  poles, 
and  the  other  half  will  have  them  changed,— 2J,  A wire 
being  touched  from  end  to  end  with  one  pole  of  a magnet, 
the  end  at  which  you  begin  will  always  turn  contrary  to 
the  pole  that  touched  it:  and  if  it  be  again  touched  the 
same  way  with  the  other  pole  of  the  magnet,  it  will  then 
be  turned  the  contrary  way.— 24,  If  a piece  of  wire  be 
touched  in  the  middle  with  only  due  pole  of  the  magnet, 
without  moving  it  backwards  or  forwards;  in  that  place 
will  be  the  pole  of  the  wire,  and  the  two  ends  will  be  the 
other  pole. — 25,  If  a magnet  be  heated  red-hot,  and  again 
Cooled  cither  wiih  its  south  pole  towards  the  north  in  a 
horisontal  position,  or  with  its  south  pole  downwards  in  a 
perpcmiicular  position,  its  |>olcs  will  be  changed.— 26,  Mr. 
Boyle  (to  whom  we  are  indebted  for  the  folloviog  magne- 
tical  phenomena)  found  be  could  presently  chafige  the 
poles  of  a small  fragment  of  a loadstone,  by  applying  them 
to  the  opposite  vigorous  poles  of  a huge  one.— 27,  Hard 
iron  tools  well  tempered,  when  heated  by  a brisk  attrition, 
as  filing,  turning,  Ac,  will  attract  thin  filings  or  chips  of 
iron, steel,  Ac ; and  hence  we  observe  that  files,  punches,  au- 
^cs,  Ac,  have  a small  degree  of  magnetic  virtue.— 28,  The 
iron  burs  of  windows,  Ac,  which  have  stood  a long  time 
in  an  erect  position,  grow  pcrmanci  Jy  raagncUcaf;  the 
lower  ends  of  such  bars  being  the  north  pole,  and  the  up- 
per end  the  south  pole.— 29,  A bar  of  iron  that  has  not 
stood  long  in  an  erect  posture,  if  it  be  only  held  perpen- 
dicularly, will  become  magnetical,  and  its  lower  end  the 
north  pole,  as  appears  from  its  attracting  the  south  pole 
of  a needle:  but  then  this  virtue  is  transient,  and  by  in- 
verting the  bar,  the  poles  change  their  places.  In  order 
therefore  to  render  the  quality  permanent  in  an  iron  bar, 
it  must  continue  a long  time  in  a proper  position.  But  lire 
will  produce  the  effect  in  a short  time:  for  as  it  will  imme- 
diately deprive  a loadstone  of  its  attractive  virtue;  so  it 
soon  gives  a verticity  to  a bar  of  irnu,  if,  being  heated  red 
hot,  it  be  cooled  in  an  erect  posture, or  directly  north  and 
south.  Bven  tongs  and  fire-forks,  by  being  often  healed, 
and  set  to  cool  again  in  a posture  nearly  erect,  ha«e  gaimd 
this  magnetic  property.  Sometimes  iron  bars,  hy  long 
standing  in  a perpendicular  position,  have  acquirvii  the 
magnetic  virtue  in  a surprising  degree.  A bar  about  10 
feet  long,  and  three  inches  thick,  supporting  the  summer 
beam  of  a room,  was  abU  to  turn  the  needle  at  8 or  10 
feet  distance,  and  exceeded  a loadstone  of  34  pounds 
weight:  from  the  middle  point  upwards  It  was  a north 
pole,  and  downwards  a south  pole.  And  Mr.  Martin 
meolioos  a bar,  which  bad  been  the  beam  of  a large  steel- 
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yard  Ibat  had  several  p<^  id  Mf.  Boyle  found, 

that  by  healing  a piece  of  English  oker  red-hot,  and 
placing  it  to  cool  in  a proper  posture,  it  maDifcslly  acquired 
a magnetic  virtue.  ' And  an  c^cetK'nt  magnet,  belonging 
to  the  same  in>  nious  gentleman,  having  lain  near  a year 
in  an  incouvenient  posture,  bad  its  virtue  greatly  impair- 
ed,  as  if  it  had  been  by  hrc. — 31,  A needle  well  touched, 
ins  known,  will  point  north  and  south:  if  it  have  one 
contrary  touch  of  (he  tame  stone,  it  will  be  deprived  of 
its  farulty;  and  by  another  such  touch,  it  will  have  its 
poles  interchanged.— 32,  If  an  iron  bar  have  gained  ii  ver- 
ticity  by  U'lng  heated  red-hot  and  cooled  again,  north 
and  south,  and  then  hammered  at  the  two  ends;  its  virtue 
will  be  destroyed  by  two  or  three  smart  blows  on  the 
middle*— 33,  By  drawing  the  back  of  a knife,  or  a long 
piece  of  steel-win*,  &c,  leisurely  ov<-r  the  pole  of  a load- 
stone, carrying  the  motion  from  the  middle  of  the  storic 
to  the  pole;  the  knife  or  wire  will  attract  one  end  of  a 
needle ; but  if  the  knife  or  wire  be  passed  from  the  said  pole 
to  the  middle  of  the  stone,  it  will  repel  the  s^ime  end  of 
the  needle.— 34,  Either  a magnet  or  a piece  of  iron  being 
Uid  on  a piece  of  cork,  so  as  to  6oat  freely  on  water ; it 
will  be  found,  that,  whichever  of  the  two  is  held  in  the 
hand,  the  other  will  be  drawn  to  itf  so  that  iron  attracts 
the  magnet  as  much  as  it  is  attracted  by  it;  action  and 
redaction  being  alwaj'S  equal.  In  this  experiment,  if  the 
niiignet  be  afloat,  it  will  direct  its  two  polos  to  the 
pok-f  of  the  world  nearly.— 35,  A knife  dre  touched  with 
a magnet,  acquires  a greater  or  less  degree  of  virtue,  ac- 
cording to  the  part  it  is  iouchi*d  on.  It  receives  the 
strongest  virtue,  when  it  is  drawn  leisurely  from  the  handle 
tow  ards  the  point  over  one  of  the  poles.  And  if  the  same 
knife  thus  touched,  and  thus  possessed  of  a strong  attrac- 
tive power,  be  retouched  in  a contrary  direction,  vit,  by 
drawing  it  from  the  point  towards  the  handle  over  the 
mine  pole,  it  immediately  losrs  all  its  virtue. — 3^,  A mag- 
uet  acts  with  ritual  force  vacuo  as  in  the  open  air.— 
37.,  Thr  sinalUnt  magnets  have  usually  the  greatest  power 
ifi  pru]3ortion  to  their  bulk.  A large  magnet  will  seldom 
take  up  abi^vc  3 or  4 times  its  own  weight,  while  a small 
one  wtil  ofu-ii  lake  up  more  than  ten  times  its  weight.  A 
magnet  worn  by  Sir  Isaac  Newton  in  a ring,  and  which 
weighed  only  3 grains,  would  take  up  746  grains,  or  almost 
950  times  its  own  weight*  A magnetic  bar  made  by  Mr. 
Canton,  weighing  10  uz.  12  dwts,  took  up  more  than  79 
ounces;  and  a flat  semicircular  steel  magnet,  weighing 
1 oa.  IS  dwts,  look  up  an  iron  wedge  of  90  ounces. 

Anted  Magnet,  denotes  one  that  is  capped,  cased,  or 
set  in  iron  or  steel,  to  make  it  take  up  a greater  weight, 
and  also  more  readily' to  distinguish  its  poles.  For  the 
methods  of  doing  this  see  Mr«  Michells  book  on  this 
subject. 

Magnet,  is  a bar  of  iron  or  steel,  impreg- 
nated with  tbc  magnetic  virtue,  so  as  to  possess  all  the 
properties  of  the  natural  loadstone,  and  be  used  instead 
of  it.  How  to  make  magnets  of  this  kind,  by  means  of  a 
natural  magnet,  and  even  without  the  assistance  of  any 
magnet,  was  suggested  many  years  since  by  Mr.  Savary, 
and  particularly  described  in  the  Philos.  Trans.  No. 
414.  Sec  also  my  Abridgment,  vot.  7,  pa.  400.  But  as 
his  method  was  tedious  and  operose,  though  capable  of 
communicating  a very  considerable  virtue,  it  was  little 
practised.  Dr.  Gowin  Knight  Jirat  brought  this  kind  of 
magnets  to  their  present  state  of  perfectiun,  so  as  to  be 
even  of  nmcb  greater  efficacy  than  the  nathral  ones.  But 
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as  ha  foolishly  refused  to  discover  his  methods  on  any 
terms  whatever,  these  curious  and  valuable  secrets  itr 
a great  measure  died'with  him.  The  result  of  his  method 
however  was  6rst  published  in  the  Philos.  I'rans.  fur  1744,* 
art.  8,  and  for  1745,  art  3.  See  al>o  the  vol.  for  1747, 
art.  2.  And  in  the  69th  vol.  Mr.  Benjamin  Wilson  hat 
given  a process,  which  at  least  discovers  one  of  (he  leading 
principles  of  Dr.  Knight's  art.  The  method,  according  to 
Mr.  Wilson^  was  as  follows.  Having  providcil  a great 
quantity  of  clean  iron  flUogs,  be  put  them  into  a large  tub 
that  was  more  thnn  one-third  flllcd  with  clean  water;  he 
then,  with  greqt  labour,  shook  the  tub  to  and  fro  for  many 
hoerrs  together,  that  the  friction  between  the  grains  of 
iron,  by  this  treatment,  might  break  or  rub  off  soch  small 
parts  as  would  remain  suspouded  in  the  water  for  some 
time.  The  water  being  tliiis  rondm*d  very  muddy,  he 
poured  iiinto  a clean  iron  vessel,  leaving  the  tilings  behind; 
and  when  the  water  bad  stood  long  enaugh  to  becqm« 
clear,  he  poured  it  out  carefully,  without  disturbing  such 
of  the  se<liment  as  still  remained,  which  now  appeared 
reduced  almost  to  impalpable  powder.  This  powder  was 
afterwards  removed  into  another  vessel,  to  dry  it:  and 
having,  by  several  repetitions  of  the  process,  procured  a 
sufficient  quantity  of  this  verj  fim*  powder;  the  next  thing 
was  to  make  a paste  ofit,  and  (hat  with  some  vehirl4  con- 
taining a good  quantity  of  the  phlogistic  principle;  for* 
this  purpose,  be  bad  recourse  to  linseed  oil,  in  preference 
to  alfother  fluids:  and  with  these  two  ingn-dicnis  only,  ha 
made  a stiflf  paste,  and  look  great  care  to  knead  it  well 
before  he  moulded  it  into  convenient  shapes.  Sometimes, 
while  the  paste  continued  m its  soft  state,  he  would  put 
the  impression  of  a si‘al ; one  of  which  is  in  the' British 
Mnseum.  This  paste  10  moulded  was  then  set  upon 
^oodt  or  a title,  to  dry  or  bake  it  before  a moderate  fire, 
being  placed  at  about'one  foot  distance.  He  found  that 
a xn^enite  Arc  was  rooit  proper,  because  a greater  degree 
of  beat  would  make  the  composition  crack  in  many 
places.  The  time  requisite  for  tbc  baking  or  drying  of  this 
paste,  was  usually  about  5 or  6 hours,  before  it  attained  a 
sufficient  degree  of  hardness.  When  that  was  done,  and 
the  several  baked  pieces  were  become  cold,  be  gave  them 
their  magoetjc  virtue  in  any  direction  be  pleased,  by 
placing  them  between  the  extreme  ends  of  bis  large  mh- 
gaainc  of  artificial  magnets,  for  a few  seconds.  The  virtue 
they  acquired  by  this  method  was  sucb,-that,  when  any 
of  those  pieces  were  held  between  two  of  his  best  ten-gui- 
nea bars,  with  its  poles  purposely  inverted,  it  immediately 
of  itself  turned  about  to  recover  its  natural  direction, 
which  the  force  of  those  very  powerful  bars  was  not  suffi- 
cientto  counteract.  Philos.  Trans,  vol.  65,  for  I77f). 

Methods  for  artificial  magnets  were  also  discovered  and 
published  by  the  Bcv.  Mr.  John  Michel),  in  a Treatise  on 
Artificial  Magnets,  printed  in  1750,  and  by  Mr.  John 
Canton,  in  the  Philos.  Trans,  for  1751.  The  process  for 
the  same  purpose  was  alio  found  out  by  other  penons, 
particularly  by  Du  Hamel,  Hist.  Acad.  Roy.  1745  and 
1750,  and  by  Marul  Uitgeleczc  Natuurkund.  Verhand, 
tom.  2,  p.  261. 

Mr.  Canton’s  method  is  as  follows:  Procure  a dozen 
of  bars ; 6 of  soft  steel,  and  6 of  hard  ; the  former  to  be 
each  3 inches  long,  a quarter  of  an  inch  broad,  and  1 -SOlli 
of  an  inch  thick;  with  two  pieces  ol  iron,  each  half  the 
length  of  one  of  the  bars,  but  of  the  same  breadth  and 
thickness;  and  the  6 hard  bars  to  be  each  5|  inches  long, 
half  an  inch  broad,  and  3*20tlu  of  an  inch  thick,  with 
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pieces  of  iron  of  half  the  length,  but*  (he  whole 
breadth  and  thickness  of  ouc  uf  the  hard  bars ; and  let  all 
the  ban  be  marked  with  a line  quite  around  them  at  one 
end.  Thea  take  an  iron ^kerand’toiigs (fig.  I,plaie20), 
or  two  bars  of  iron,  the  larger  (hey  are,  and  the  lunger 
they  have  been  us«‘d,  the  better;  and  fixing  the  |>oker 
upright  between  the  knees,  hold  to  it,  near  the  top,  utie  of 
the  soft  bars,  having  itb  marked  end  downwards  by  a piece 
of  scwing>silk,. which  must  be  pulled  tight  by  (be  left 
. band,  that  the  bar  may  not  slide^:  then  grasping  the  tongv 
«'  with  the  right  hand,  a little  below  the  middle,  and  bolding 
^em  nearly  in  a vertical  position,  let  the  bar  be  stroked 
by  tbc  lower  end,  from  the  bottom  to  the  top,  about  ten 
limes  on  each  side,  which  will  give  it  a magnetic  power 
sufficient  to  lift  a smalt  key  at  the  marked  end : which 
end,  if  the  bar  were  suspended  on  a point,  would  turn 
towards  the  north,  and  is  therefore  called  the  north  pole ; 
and  the  unmarked  end  is,  for  the  same  reason,  called  the 
south  pole.  Four  of  the  soH  bars  being  impregnated  in 
this  rndniier,  lay  the  two  (fig.  parallel  to  rach  other,  at 
a quarter  of  an  inch  distance*  between  th^two  pieces  of 
iron  belonging  to  them,  a north  and  a south  pole  against 
each  piece  of  iron  : then  take  two  of  the  four  bars  already 
made  magnetical,and  place  them  together,  sn  as  to  make 
a double  bar  in  thickness,  the  north  pole  of  one  even  with 
the  south  polo  of  the  other ; and  the  remaining  two  being 
put  to  these,  one  on  each  side,  so  as  to  have  two  north 
and  two  south  poles  together,  separate  the  north  from  the 
south  pules  at  one  end  by  a large  pin,  and  place  them  per- 
pendicularly with  that  end  downward  on  the  middle  of 
one  of  the  parallel  bars,  the  two  north  poles  towards  its 
south  end,  and  the  two  south  poles  towards  its  north  end  ; 
slide  them  three  or  four  times  backward  and  forward  the 
whole  length  of  tbc  bar;  then  removing  them  from  the 
middle  of  this  bar,  place  them  on  the  middle  of  the  other 
bar  as  before  directed,  and  go  over  that  in  the  same  man* 
ner;  then  turn  both  the  bars  the  other  side  upwards,  and 
repeat  the  former  operation:  avhich  being  dune,  take  the 
two  from  between  fbe  pieces  of  iron;  and,  placing  the  two 
outermost  of  the  touching  bars  in  their  stead,  let  the  other 
two  be  the  outermost  of  the  four  to  touch  these  with ; and 
this  process  being  repeated  till  each  pair  of  bars  hare  been 
touched  three  or  four  times  over,  which  will  give  them  a 
considerable  magnetic  power.  Put  the  half-doseu  together 
after  the  manivcr  of  the  four  (fig.  3),  and  touch  them  with 
two  pair  of  the  hard  bars  placed  between  their  irons,  at 
the  distance  of  about  half  an’inch  from  each  other;  then 
lay  the  soft  bars  aside,  and  with  the  four  hard  om^s  let  the 
other  two  be  impregnated  (fig.  4),  holding  the  touching 
bars  apart  at  the  lower  end  near  ytb  of  an  inch  ; to  which 
distance  let  them  be  M-paraled  after  they  are  set  on  the  pa- 
rallel bar,  and  brought  together  again  before  they  are 
taken  oif : this  being  observed,  proceed  according  to  the 
method  described  alMivc,  till  each  pair  have  been  touched 
two  or  three  limes  over.  But  as  this  vertical  way  of 
touching  a bar,  will  not  give  it  quite  so  much  of  the  mag- 
netic virtue  as  it  will  receive,  let  each  pair  be  now  touched 
once  or  twice  over  in  their  parallel  position  between  the 
irons  (fig.  5),  with  two  of  the  bars  held  borisontally,  or 
nearly  so,  by  drawing  at  the  same  time  the  north  end  of 
one  from  the  middle  over  the  south  end,  and  the  south  of 
the  other  from  the  middle  over  the  north  end  of  a parallel 
bar;  then  bringing' them  to  the  middle  again,  without 
touching  the  parallel  bar,  ^vc  three  or  four  of  these  hori-^ 
tontal  strokes  to  each  side.  The  borixontal  touch,  after 
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the  vertical,  will  make  tbc  bars  as  strong  at  they  posaiblj 
ctfii  be  made,  as  appears  by  their  not  receiving  any  addi- 
tional strength,  when  the  vertical  touch  is  given  by  a great 
number  of  bars,  and  the  horiruntal  by  those  of  a superior 
masuctic  power. 

1‘his  whole  process  may  be  gone  through  iu  about  half 
an  hour  ; and  each  of  the  large  bars.  If  well  hardened, 
may  be  made  to  lift  28  troy  ouitu’s,  and  sometimes  more. 

And  when  these  burs  are  thus  miprcguuicJ,  they  will  give  • 
to  a hard  bar  of  the  same  size  its  full  virtue  in  less  than 
two  minutes;  and  therefore  will  answer  all  the  purposes  * 
uf  magnetism  in  navigation  and  experimental  philuaopby, 
much  better  than  the  loudstooe,  which  has  not  a {>uuer 
sufficient  to  impregnate  hard  ban.  The  half  dozen  being 
put  into  a case  (lig.  6*),  in  such  a manner  as  that  no  two 
poles  of  the  same  name  may  be  tt»gciher,  and  their  irons 
with  them  as  one  bar,  they  will  retain  tbc  virtues  they 
have  received  ; but  if , their  power  should,  by  making  ex- 
periments, be  ever  so  far  impaired,  it  may  be  restored 
without  any  foreign  assistance  in  a few  minutes.  And  if 
perchance  a much  larger  set  uf  bars  should  be  required, 
these  will  communicate  to  them  a sufficient  power  to  pro-  • • 
ceed  with;  and  (hey  may,  in  a short  lime,  by  the  same 
method,  be  brought  to  their  full  strength. 

MAGNETISM,  the  quality  or  constitution  of  a body, 
by  which  it  is  rendered  magnciical,  or  a magnet,  sensibly 
attracting  iron,  and  giving  it  a meridional  direciion,>— This 
is  a transient  powcr,capablc  of  being  produced,  destroyed, 
or  restored. 

The  Lawt  qf  Magnetism.*— These  laws  arc  laid  down 
by  Mr.  Whiston  in  the  following  propositions.— 1.  The 
loadstone  has  both  an  attractive  and  a directive  power 
united  together,  while  iron  touched  by  it  ha|  only  the 
former;  i.  e.  the  magnet  luit  only  attracts  needles, or  steel 
filings,  but  also  directs  them  to  certain  different  angles,  • 
with  respect  to  its  own  surface  and  axis;  whereas  iron, 
touched  with  it,  does  little  or  nothing  more  than  attract 
them  ; still  suffering  them  to  lie  along  or  stand  perpen- 
dicular to  its  surface  and  edges  in  all  places,  without  any 
such  special  direction.  * 

2.  Neither  the  strongest  nor  the  largest  magnets  give  a 

better  directive  touch  to  needles,  than  those  of  a less  siio 
or  virtue  : to  which  may  be  added,  that  whereas  there  arc 
two  qualities  in  all  magnets,  an  attractive  and  a directive 
one,  neither  uf  them  depend  on,  or  arc  any  proof  of,  the 
strength  of  the  other.  , 

3.  The  attractive  power  of  magnets,  and  of  iron,  will 
greatly  increase  or  diminish  the  weight  of  needles  on  the 
balance ; nay,  it  will  overcome  that  weight,  and  even 
sustain  some  other  additional  also;  while  the  directive 
power  has  a much  smaller  effect  Gassendus  indeed,  as 
well  as  MerscimusandGilbert, assert  that  it  has  none  at  ail; 
but  this  is  a mistake ; for  WKiston  found,  from  repeated 
trials  on  Urge  needles,  that  after  the  touch  they  weighed 
less  than  before.  One  of  4584^  grains,  lost  2^  grains  by 

the  touch  ; and  another  of  65726  grains  weight,  no  leu  • 
than  14  grains. 

4.  It  is  probable  that  iron  consists  almost  wholly  of  the 
attractive  particles;  and  the  magnet,  of  the  attractive  and 
directive  together;  mixed,  probably,  with  other  hetero- 
geneous matter;  as  having  never  been  purged  by  the 
fire,  which  iron  has;  and  hence  may  arise  the  reason  why 
iron,  after  it  has  been  touched,  will  lift  up  a much  greater 
weight  than  the  loadstone  that  touched  it. 

5.  The  quantity  apd  direction  of  magnetic  powen, 
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• commahicated  to  needle*,  are  not  properly,  after  »u^ 
communication,  owing  to  the  magnet  which  gave  tKe 
touch  ; but  to  the  goodnes*  of  the  steel  that  receive*  it, 

• and  to  the  strength  and  position  of  the  icrre*  trial  loadstone, 
whose  influence  alone  those  needles  are  afterwards  subject 
to,  and  directed  by:  so  that  all  such  needles,  if  good, 
move  with  the  same  strength,  and  point  to  the  same  angle, 

• whatever  loadstone  they  may  have  been  excited  by,  pro- 

* * sided  it  be  but  a good  one  Nor  docs  it  seem  that  the 

touch  dues  much  more  in  magnetical  ca^cs,  than  attrition 
docs  in  electrical  onW ; i.  c.  serving  to  rub  off  some  ob- 
structing particles,  that  adhere  to  the  surface  of  the  steel, 
and  opi'uing  the  pure*  of  the  body  touched,  thus  making 
way  fur  ibi*  entrance  and  exit  of  such  effluvia  as  occasion 
or  a'sisl  the  powers  we  are  speakipg  of.  Hence  Mr.  Whis- 
ton  takes  occasion  to  observe,  that  the  directive  jmwer  of 
the  loodstone  seems  to  be  mechanical,  and  tu  be  derived 

• Irom  magnetic  effluvia,  circulating  continuully  about  it. 

6.  Theabsolute  attractive  power  of  diderent  armed  load- 
stones. is,  carlcris  panhuH,  nut  according  to  cither  the 
diameters  or  solidiiit^  of  the  loadstones,  but  according  to 

* the  quantity  of  their  surfaces,  or  in  the  duplicate  propor* 
tion  of  tbcir  diameters. 

7.  The  power  of  good  unarmed  magnets,  sensibly  equal 
in  strength,  similar  in  figure  and  position,  but  unequal  in 

• magnitude,  is  sometimes  a little  greater,  sometimes  a Utile 
less,  than  in  the  proportion  of  their  tumilar  diameters. 

8.  The  loadstone  attracts  needles  that  have  been  touched, 

. and  other*  that  have  not  been  touched,  with  equal  force 

at  unequal  disiances,  viz,  when  the  distance  of  the  former 
is  to  the  distance  of  the  latter,  as  5 to  2. 

Both  poles  of  a magnet  equally  attract  needles,  tilt 
they  arc  touched;  then  it  is,  and  then  only,  that  one  pole 
be^ns  to  attract  one  end,  and  repel  the  other : though 
• * the  repelling  pole  will  still  attract  upon  contact,  and  even 

at  very  small  distances. 

10.  The  attractive  power  of  loadstones,  in  their  similar 
position  to,  but  different  distances  from,  magnetic  needles, 
*it  in  the  sesquidupUcate  proportion  of  the  distances  of  their 
surfaces  from  their  nectlles  reciprocally;  or  as  the  mean  pro- 
portionals between  the  square*  and  the  cube*  of  those  dis- 
tances rcciprocully  ; i>r  inversely  a*  the  square  roots  of 
the  5th  powers  of  those  distance.  Thus,  the  magnetic 
force  of  attraction,  at  twice  the  distance  from  the  surface 
of  the  loadstone,  it  btiwt-en  a 5th  and  6th  part  of  the 
, fofee  at  the  6rst  distance*;  at  thrice  the  distance,  the  force 
is  between  the  15tb  and  l6th  part;  at  four  limes  the 
distance,  thp  power  is  the  32d  part  of  the  first;  and  at 
six  limes  the  distance,  it  is  the  88lh  part.  Where  il  is  to  be 
noted,  that  the  distances  are  not  counted  from  the  centre, 
as  in  the  laws  of  gravity,  but  from  the  surface  : as  ex- 
perience leaches  us,  that  the  magnetic  ]>owcr  resides 
chiefly,  if  not  whully,  in  the  surfaces  of  the  loadstone 
and  iron;  without  any  particular  relation  to  any  centre 
whatever.  The  prupurlioii  here  laid  down  was  determined 
hy  Mr.  Whiston  from  a great  number  of  experiments  by 
hfr.  Ilawksbee,  Dr.  Bro*jk  'lliylor,  and  by  M,r.  Whiston 
himstdf;  measuring  the  force  by  the  chords  of  those  arc* 
by  w hich  the  magnet  at  several  distances  draws  the  needle 
out  of  its  natarai  direction;  to  which  chords,  as  he  de- 
monstrates, it  is  always  proportional.  The  numbers  in 
some  of  their  must  accurate  trials,  he  gives  in  the  follow- 
ing table,  setting  down  th&  half  chords,  or  the  sitics  of 
half  those  arcs  of  declination,  as  the  true  measures  of  ihc  j 
force  of  magnetic  attraction.  , 
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Other  persons  however  have  found  somo  variations  iii 
the  proportions  of  the  magnetic  force  with  respect  to  dis- 
tance: Thus,  New  ton  supposes  it  to  di^reasie  nearly  in  tho 
triplicate  ratio  of  the  diviance:  Mr.  Martin  observt-s,  that 
the  power  of  his  loadstone  decreases  in  the  sesquiduplicato 
ratio  of  the  distances  inversely:  but  Ur.  HoUham  and  Mr. 
Micbcllfodnd  it  to  be  as  the  square  of  the  distance  in- 
versely : while  others,  as  Dr.  Bruok  Taylor  and  M.  Mus- 
chenbrock',  arc  of  opinion,  that  this  power  follows  no  cer- 
tain ratio  at  all,  and  that  the  variation  U different  in  dif- 
ferent stones-  * 

11.  An  inclinatory,  or  dipptng*nccdIeof6  ipches  radius, 
and  of  a prismatic  or  cylindric  figure,  when  it  oscillate* 
along  the  magnetic  meridian,  perwrms  there  every  mt^n 
vibration  in  about  6'' or  360*^,  and  every  small  oscillation 
in  about  5*{,  or  330”':  and  the  same  kind  of  needle,  4 
feet  long,  makes  every  mean  oscillation  in  about  24”,  and 
every  small  one  in  about  22”. 

12.  The  whole  power  of  magnetism  in  this  country,  at 
it  affects  needles  a foot  long,  is  to  that  of  gravity,  nearly 
as  I fo  300 ; and  as  it  affects  needles  4 fn  t long,  as  1 to 
600. 

13.  The  quantity  of  magnetic  power  accelerating  the 

same  dipping-needle,  as  it  oscillates  in  different  vertical 
planes,  is  always  as  the  cosines  of  the  angles  made  by 
those  planes  with  the  magnetic  meridian,  taken  on  the 
horizon.  * 

Thus,  in  estimating  the  quantity  of  force  in  the  ho- 
nzuntal  and  in  the  vertical  itituations  hf  needles  at  l/jndon, 
it  is  found  that  the  latter,  in  needles  ol'  u foot  long,  is  to 
the  whole  force  along  the  magnetic  meridian,  as  96  to  100; 
and  in  needles  4 fret  long,  as  9667  to  KKXK):  whereas, 
in  the  former,  the  whole  force  in  neoflles  ot  a fr*oi  long,  is 
as  28  to  100 ; and  in  thovc  of  4 feet  long,  fiv  25t>  to  1 000. 
Whence  it  follows,  that  the  pi>wer  by  which  horizontal 
needles  are  governed  in  these  parts  of  the  world,  is  but 
the  quarter  of  the  power  by  which  the  dipping-needle  is 
moved. 

Hence  also,  as  the  horizontal  needle  is  moved  only  by 
apart  of  the  power  that  motes  the  dipping-mvdie;  and 
as  it  only  points  to  a Ci  riain  place  in  the  horizon,  because 
that  place  is  the  nearest  to  its  original  tendency  of  any 
that  its  situation  will  allow  II  to  ttpd  to;  whenever  the 
dipping-needle  stands  exactly  perpendicular  to  the  ho- 
rizon, the  horizontal  needle  will  not  respect  one  point  of 
the  compass  more  than  another,  but  will  wheel  about  any 
way  uncertainly. 

14.  The  lime  of  oscillation  and  vibration,  both  in  dijv- 
ping  and  horizontal  needles,  that  are  equally  good,  is  as 
their  length  directly ; and  the  actual  velocities  of  their 
points  along  tbcir  arcs  are  always  unequal.  And  hence, 
magnetioal  needles  are,  creteris  paribus,  still  better,  the 
longer  they  arc;  and  that  in  the  proportion  of  their 
lengths. 

Of  tht  Causes  q/'Macketis.vi.  Though  many  authors 
have  proposed  hypotheses  concerning  the  ca  use  ol  mag- 
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netitffi,  as  Plutarch,  Deit^rtrs,  Boylt,  Newton,  Gilbert, 
Hartaoeker,  Kalley,  Whhton,  Knight,  Beccaria,  &c;  *no« 
thing  however  has  yet  appealed  that  CAn)x  called  a sa- 
tisfactory solution  of  its  phenomena.  It  is  certain  indeed, 
that  both  natural  and  artificial  electricity  u ill  are  polarity 
to  neediest  and  even  reverse  their  poles;  but  tnough  from 
**  this  it  may  appear  probable  that  the  electric  fluid  iaalso 
the  cause  of  magrteiism,  yet  in  what  manner  the  fluid  acts 
while  |>roducmg  the  roagnetical  phenomena,  seems  to  be 
quite  u^nowo. 

Dr.  Knight*  ^eed,  from,  several  experiments  deduces 
the  following  propositions,  which  he  ofl'ers,  not  so  much  to 
explain  the  nature  of  the  cause  of  rttagnetism,  as  the  man- 
per  in  which  it  acts  : tiie  magnciic  matter  of  a loadstone, 
he  says,  moves  in  a stream  ffom  one  |»le  to  tHe  other  in- 
ternally, a«d  is  then  carried  back  in  a curve  line  exter- 
nally, till  It  arrive  again  at  the  pule  where  it  first  entered, 
to  again-  admitted  : the  imincdiiite  cause  why  two  or 
more  niagnetical  bodU-s  attract  cach'otbcri  is  the  flux  of 
ooe  and  the  same  stream  of  magnctical  matter  through 
them;  and  the  immediate  cause  of  magnetic  VepuUion,  is 
the  conflux  and  accumulation  4if  the  magnetic  matter. 
Philps.  Tians.  vol.44,  pa.  665.  Mr.  Michtdl  rejects  the 
inotibn  of  a subtile  fluid  ; but  though  he  proposed  to  pub- 
lish a theory  of  magnetism  established  by  experiraenu,  no 
such  theory  ever  appeared.  * 

Signor  Beccaria,  from  observiog  that  a sudden  stredee 
of  lightning  ^ve|  polarity  to  magnets,  conjectures,  that  a 
^ regular  and  constant  circulation  of  the  whole  mam  of  the 
electric  fluid,  from  north  to  south,  «may  be  the  original 
, cause  of  magnetism  in  gcxieral.  But  this  current  he  does 
not  suppose  to  trisc  from  one  source,  but  from  several,  in 
the  noribem  hemisphere  of  the  earth  : the  aberration  of 
the  common  centre  of  all  the  currents  from  the  north 
point,  may  be  the  cause  of  the  variation  of  the  needle  ; the 
period  of  this  declination  of  the  centre  of  the  currents, 
may  be  the  pericKhof  the  variaflon  ; and  the  obliquity  with 
which  the  currents  strike  into  the  earth,  may  be  the  cause 
of  the  dipping  of  the  needle,  and  also  why  bars  of  iron 
more  easily  receive  the  ma;:nctic  virtue  in  one  particular 
direction.  Lettre  doll*  Kicitricismo,  pa.  S69;  or  Priest- 
ley’s Hist.  Elec.  vol.  1,  pa.  409.  See  also  Cavallo’s  Trea- 
tise on  Magnetism,  and  the  arliclu  Variatioi*  in  ibis  vo- 
lume. 

MAGNIFVING,  is  the  making  of  objects  appear 
larger  than  they  usually  and  naturaily>appear  to  the  rye ; 
whence  convex  lcn»es,which  have  the  power  of  d>ing  this, 
are  called  ^lagnifying  Glasses. 

The  magnifying  power  of  dense  mediums  of  certain 
figures,  was  known  to  the  ancients ; though  they  were  fiir 
from  understamfing  the-  cause  of  this  cffcci.  St'nt-ca  says, 
that  small  and  obscure  letters  ap|><-itr  la^r  and  brighter 
througj^  a glass  globe  filled  water;  and  be  absurdly 
accounts  for  it  by  saying,  that  the  eye  slides  in  the  water, 
and  cannot  lay  hold  ol  its  object.  Ami  Alexander  Aphro- 
disansis,  about  two  centuries  after  nren,  says,  that  the 
redioixwhy  apples  appear  large  when  immersetl  in  water, 
is,  thnl  tbe  water  which  is  contisutjus  to  any  body  is  af- 
fecit  cl  wlili  the  same  quality  and  colour;  so  that  the  eye 
is  deceived  in  imaginiug  the  bmly  itsdf  larger.  But  the 
first  di.stinct  dccowil  we  have  of  the  magnilj  ing  power  of 
glasses,  is  in  tW  13th  «entury,  in  the  writings  of 
.^con,  and  Alhataii-  and.it  is  not  improbable  that  from 
their  observations  th4«unst;cuctton  of  spectacles  was  de- 
rived. In  the  Opus  Majui  of  Bucoo,  it  is  tlemoastratcd, 


that  if  a tmnsparent  body,  interspersed  between  the  tyt 
and  .an  ohjeer,  be  convex  towards  ifie  eye,  the  object  will 
appear  magnified. 

’ , Macxifyjko  Glat$,  in  Optics,  is  a small  spherical 
convex  lens;  which,  in  transmitting  the  rays  of  light,  in- 
. fleets  tlieni  more' towards  the  axis,  gnd  so  exhibits  objects 
viewed  through  them  larger  than  when  vicwc<d  by  the 
noked  eye.  ^ Micaoscora. 

MAGNITUDE,  any  thing  mode  up  of  parts  locally 
extended,  or  continued ; or  that  has  seveial  dimensions  ; 
as  a line,  surface,  solid,  6sc.  Quantity  is  often  used  as 
synonymous  with  magnitude.  S<e  Quantity. 

Ocontttricai  Magkituoes,  are  usually,  and  most  pro- 
perly, considered  as  generated  or  prodticc'd  by  motion  ; as 
lim-s  by  the  motion  of  points,  surfaces  by  the  motion  of 
lines,  andsolide  by  the  motion  of^urfaccs. 

Aj^rau  ManxiTCDB,  is  that  which  is  measured  by 
the  optic  or  visual  angle,  inirrdrptcd  between  rays  drawn 
from  its  extremes  to  the  centre  of  the  pupil  of  the  eye.  It 
is  a fundamental  maxim  in  optics,  that  whatever  things 
are  seen  under  the  same  or  equal  angles,  appear  equal ; 
and  vice  verso. — The  apparent  m^fiiudcs  of  an  object,  at 
diflerent  distances,  are  in  a ratio  less  than  that  of  their 
distances  reciprocally. 

The  apparent  magnitudes  of  the  two  great  luminaries, 
thesunand  moon,  at  rising  and  setting,  area  pbenoniooon 
ll^l  has  groatly  embarrassed  the  modern  philosophers. 
According  to  the  ordinary  laws  of  vision,  they  should  ap- 
pear the  least  when  nearest  the  horixon,  bdng  then  farthest 
from  the  eye ; and  yet  it  b found  that  the  contrary  is  true 
in  fact.  'I'hus,  it  is  well  known  that  the  mean  apparent 
diameter  of  the  moon,  at  her  greatest  height  in  the  meri- 
dian, is  nearly  3T  in  round  numbers, *sublending  then  an 
angle  of  that  quantity  as  measured  by  any  instrument. 
But,  being  viewed  when  she  rises  or  sets,  sbe&eems  to  the 
eye  as  two  or  three  times  as  large  as  before ; and  yet  when 
measured  by  the  instrument,  her  diameter  is  not  found  in- 
creased at  ail,  but  diminished. 

Ptolemy,  in  his  Almagest,  lib.  1,  cap. 3,  taking  for 
granted,  that  the  angle  subtended  by  the  moon  was  really 
increased,  ascribed  thrincrease  to  a refraction  of  the  rays 
by  vapours,  which  actually  enlarge  tfad  angle  under  which 
the  moon  appears,  just  as  the  angle  is  enlarged  by  which 
an  object  is  seen  from  under  water : and  his  coramentaior 
Tbeon  explains  distinctly  how  the  dilatation  of  the  angle 
in  the  object  iromei^cd  in  water  is  caused.  But  it  being 
afterwards  dwcovered,  that  there  is  no  alteration  in  the 
angle,  another  solution  was  started  by  the  Aiub  Aihasen, 
which  was  followed  and  improved  by  menn,  Viiello,  Kep- 
ler, Peckham,  and  others.  According  Alhaaen,  by 
sight  wc  apprehend  the  surface  of  the  heavens  to  be  flat, 
and  judge  of  the,  smrs  as  of  ordinary  visible  qbjccis  ex- 
tended on  a wide  plain ; the  eye  secs  them  under  equal  an- 
' gles  indeed,  but  withal  perceiv^  a dtflbrcnce  in  tbeir  di- 
stances, and  (On  account  of  the  semidiatneter  of  the  earth, 
which  is  interposed  in  one  case,  and  not  in  the  other)  it  is 
hence  induced  to  Judge abose  that  appear  mor^  it'roote  to 
be  greater.  Farther  improvement  was  made  in  this  expla- 
nation by  Mr.  Hobbes,  though  inb  fell  int<Moro«  mistakes 
iu  bis  application  of  geometry  to  this  subject : for  be  ob- 
serves, that  this  d^eption  opcriftes  gradually  from  the  se- 
iiilh  to  the  horizon  ; and  that  if  the  apparent  arch  of  the 
sky  be  divided  into  any  number  of  equal  parts,  those  parts, 
in  descending  towards  the  horizon,  will  subtend  an  angle 
that  ta  gradually  loss  and  less.  And  he  was  th^e  first  who  * 
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expressly  considered  ihe  vaulted  appearand  of  ihe  sky  as 
a real  portion  o^  a circle. 

l^escarto,  and  from  him  Dr.  Wallis,  and  most  other  au- 
thors, account  for  the  ap|>cBnmcc  of  a dirferent  distanc<!^ 
under  the  Kumc  an»le,  Irotn  the  loog  sctics  of  objects  in- 
terposed  bciueen  (he^*)C  and  the  extretndy  of  the  !>casibla 
horizon;  which  tnHkq»  us  imagine  it  rourt'  remote  than 
when  in  the  meridian,  where  the  eye  see*  nothing  in  the 
uhy  hetv>een  the  object  and  itself.  This  idea  of  a great 
distance  makes  us  imagine  thcluminaiy  the  larger  ; tor  an 
object  being  seen  under  any  certain  angle,  and  believed  at 
the  same  pme  very  remote,  we  naturally  judge  it  must  be 
very  large,  to  appear  under  such  an  angle  at  soch  a di- 
stance. And  thus  a pure  judgment  of  the  mind  makes  us 
set'  the  sun,  or  the  moon,  lai|^r  ia  the  horizon  than  in  ihe 
^meridian;  notwithstanding  their  diameters  measured  by 
any  instrument  are  really  less  in  the  former  situation  than 
the  Uut  T. 

Jitmes  Groguryt  inhisGeoin.  I'ars  Universalis,  pa.l41, 
subscribe*  to  thi*  opinion  : lather  .Mallebmnibc  also,  in 
the  hrst  book  of  his  Rechcroiie  dc  la  Write,  has  explained 
ilm  phenomenon  almost  in  the  cxpre^'Sion  of  Descartes  : 
and  Huygens,  in  his  Treatise  on  the  Parhelia,  translated 
by  Dr.*biTiltb,  Optics,  an.  536,  has  approved,  and  very 
clearly  illustrated,  the  received  opinion,  'fho  cause  of 
this  fallacy,  says  be,  in^short.  is  this;  that  wc  think  the 
sun,  or  any  thing  else  in  the  heavens,  farther  from  us  wl^n 
. it  is  near  the  horizon,  than  when  it  approaches  towards 
the  vertex,  because  wc  imagine  every  thing  in  the  air  that 
appears  near  the  vertex  to  be  farther  from  us  than  the 
clouds  that  fly  over  our  heads  ; whereas,  on  the  other 
baud,  we  are  tised  to  observe  a larg;e  extent  of  land  lying 
bctwiX'ii  us  and  thd  objects  near  the  horizon,  at  the  farther 
end  of  which  the  convexity  of  the  sky  begins  to  appear; 
which  therefore,  with  the  objects  that  appear  in  it,  arc 
usually  imagined  to  be  much  fartberfrom  us.  Now  ivhcn 
two  objects  of  equal  magnitude  appear  under  the  same 
angle,  wc  always  judge  that  object  to  bo  larger  which  wc 
think  is  remoter.  And  this,  according  to  them,  is  the  true 
cause  of  the  deception  in  question. 

Gassendus  was  of  opinion,  that  ibis  efiect  arises  from 
hence;  that  the  pupil  of  the  eye,  being  always  more  open 
as  the  place  is  moie  dark,  as  in  the  morning  and  evetnng, 
when  the  light  is  less,  and  besides  tb«  earth  being  then  co- 
vered with  gnios  vapours,  through  a longer  column  of 
which  the  rays  must  pass  to  reach  the  horizon  ; the  image 
of  the  luminary  enters  the  eye  at  a greater  angle,  and  is 
really  painted  there  larger  than  when  the  luminary  is 
higher,  bee  Apparent  Diameier  and  Magnitude. 

F.  Gouge  i^vanccs  another  hyjxitbesis,  which  is,  that 
wbripthe  lummarics  arc  in  the  horizon,  the  proximity  of 
the  earlb,  and  the  gross  vapour*  with,  which  they  then 
appi'ar  enveloped,  have  tho  same  effect  with  regard  to  us, 
as  a wall,  or  other  dense  body,  placed  behind  a column  ;■ 
w-hioh  in  that  case  appears  larger  than  when  insuiau-d, 
and  encompassed  on  all  sides  with  an  illuminated  air. 

1‘hc  commonly  received  opinion  has  been  disputed,  not 
on)^  by  F.  Gouge,  who  q|}scrvcs,  Acad.  Sci.  1 pa.  1 1 , 
that  (he  horizontal  modi  appears  et^ually  large  across  the 
sea,  where  there  are  no  objects  to  produce  the  effect 
asculiod  to  them  ; but  diso  by  Mr.  Malyneux,  w ho  says, 
Philos,  Trans.  Abr.  vol.  o/pa-  36’5,  that  if  this  hypothesis 
Ik  true,  wc  may  at  any  time  increase  the  apparent  magni- 
tude of  the  moun,  even  in  the  meridian ; for,  in  order  to 
* divide  the  space  between  it  and  the  <;ye,  we  need  only  to 


look  at  it  behind  a cluster  of  chimneys,  the  ridge  of  a hill, 
or  The  top  of  a houK',  Ac.  He  makes  also  the  same  ob- 
servation with  F.  Gouge,  above  mentioned,  and  further 
observes,  that  when  the  height  of  all  the  intermediate  ob- 
jects is  cut  off;  by  looking  through  a tube,  the  imagina- 
tion is  not  Keiped,  and  yet  the  moyn  seems stilTas  large  as 
before, 

M.Biot,  however,  in  his  treatiseof  Physical  Astronomy, 
seem*  to  be  of  ^contiary  upiQiuti,  forhesays,  thafassoon 
as  the  moon  is  viewed  through  a tubi',  or  oven  through  a 
small  hole  pierced  in  a card,  so  as  to  taj^  off  the  view  of 
inlci  veiling  objects,  the  dcd  ptioii  ceases  ; and  the  diame- 
ter appears  lui  largcrThan  when  it  it  observed  in  tlie  ze- 
nith. 

Bishop  Berkdewsapputetf,  that  the  moon  appeare  larger 
near  the  horizon,  Ui-cauw  she  t)>en  ap]warslauitrr,  and 
her  beams  affect  the  eye  less.  And  Mr.  Kubins  ha*  prettv 
fully  recited  soroo  other  opUiions  on  this  subject,  Math. 
Tracis,  vol.  2,  pa.  242,  Ac. 

Dr.  Desegulier*  has  illustrated  ihe  doctrine  of  the  ho- 
rizonial  moon,  Philos.  Trans.  Abr.  vol  8,  (w.  105.  on  the 
supposition  of  our  iroagiiung  the  visible  heavens  to  be  only 
a siDull  portion  of  a sphencu)  Mirface,  and  consequently  • 
supposing  the  moon  to  be  faahcr  (rom  us  in  the  horizon 
than  near  the  zenith ; and  by  several  ingenious  contri- 
vancc»-hc  demonstrated  Itow  liable  we  arc  to  such  decep- 
tions. The  same  idea  i*  pursued  still  further  by  Dr. 
Smith,  in  bis  Optics,  where  ho  determines,  that  the  ccMtirw 
of  the  apparent  spherical  segment  of  the  sky  lying  much 
below  the  eye,  or  ibe  horizon,  the  apparent  distance  of 
its  parts  near  the  horizon,  was  about  3 or  4 limes  greater  , 
than  the  apparent  distance  of  its  parts  bver  head;  frwm 
which  reason  it  is,  he  infers,  that  the  moon  always  appears 
the  larger  as  sha  is  lower,  and  also  that  wc  always  tliink 
the  height  of  a cclestinl  object  to  be  more  than  it  really 
is.  Thus,  he  determined,  by  measuring  the  actual  hcigl^ 
of  some  of  the  heavenly  biKlies,  wlnw  to  his  eye  they 
seemed  to  be  half  way  between  tiie  hoi  izon  and  the  zenith  ; 
that  their  real  altitude  was  thep  only  23*^:  win  n the  sun 
was  about  30°  high,  the  upper  portion  ala^tys  app(*ared 
Jess  than  the  under;  and  he  thought  timt  it  wu*  constantly 
greater  when  the  sun  was  18°  or  20°  high.  Mr.  Uubiiis, 
in  his  Tracts,  vol.  2,  pa.  245,  *hows’how  to  determine  the 
apparent  concavity  of  the  sky  in  a more  accurate  and 
gcHiiiietrical  manner;  by  which  it  appears,  that  if  the  atti- 
tude of  any  of  the  heavenly  Ixidie*  be  at  the  time 
when  it  seems  to  be  half  way  between  the  horizim  and  the 
zenith,  the  horizuntui  divtance  will  be  hardly  less  than  4 
times  the  perpendicular  distance;  but  it  that  altitude  be 
28°,  it  will  be  little  more  than  2 and  a buif.  ' 

Dr.  Smith,  having  detci  mined ' the  apparent  figure  of 
tho  sky,  thus  applu*s  it  to  explain  the  pbenonunoii  of 
the  horizontal  numn,  and  other  similar  uppearanc|;s  in  the 
heavens.  Suppose  the  arc  abc  to  represent  the  appannl 
concavity  of  the  heavens:  then  the*  dinm<'tcr  of  the  sun 
and  muon  would  seem  to  bo  gnatcr  in  the  horizon  than 
at  any  altitude,  measured  by  the  ungh*  A4>b,  in  the  liitio 
of  it&.appaicnt  distances,  ao,  bo.  The  numbers  that 
express  these  proporiivns  he  reilucod  into  theaniKTtod 
table,  answering  to  the  corresponding  altitudes  of  tbc»uii 
or  moon,  which  are  also  exactly  reprasented  to  the  eye  in  t 
the  figure,  in  which  the  moon,  |tliiced  in  the*quadramal 
arc  rc  described  about  the  centre  o,  are  all  equal  to  each 
other,  and  represent  the  body  of  the  moon  in  the  heights 
there  noted,  and  the  ^unequal  moons  in  the  concavity  abc 
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terminateil  by  rhc  visual  rays  coming  from  the  circum. 
i(‘iencttor  the  real  moon,  at  those  heights  to  the  eye,  ato. 


Dr. Smith  alsoobscrvcs,  that  the  apparent  concave  of  thesky, 

being  less  than  a he-  Thctlcotthcwaor  Apparent  dkoneten 

misphere,  is  the  cause  moon  Ui  d«|rm,  ordiiUK-r*. 

that  the  breadths  of  the  ^ 

colours  in  the  inward 

and  outward  rainbows,  ^ 

and  the  interval  be-  ^ ,40 

tween  the  bows,  ap-  ^ 

|>ear  least  at  the  top,  75  31 

and  greater  at  the  bot-  9^-^ 

tom.  't  his  theory  of  the  horizontal  moon  is  also  con- 
firmed by  the  appearances  of  iht}  tails  ot  comets, 
which,  whatever  be  their  real  figure,  magnitude,  and  si- 
tuation, in  absolute  space,  do  always  appear  to  be  an  arc 
of  the  concave  of  the  heavens.  Dr.  Smith  however  just- 
ly acknowledges  lhalt  at  different  times,  ibe  moon  af>pean 
of  very  ditl'ercat  magnitudes,  even  in  the  same  horizon, 
and  occasionally  of  an  extraordinary  large  site;  whi^ 
he  is  not  able  to  give  a satisfactory  explanation  of.  Smith  s 
Optics,  vol.  1 , pa.  63,  &c,  Remarks,  pa.  53. 

MAIGK.AN  (Emanuel);  a rcbgious  minim,  and  one 
of  the  grcLtest  philosophers  of  bU  age,  was  born  at  Thou- 
louse  in  )601.  Like  the  famous  Pascal,  he  became  n com- 
plete mathematician  without  the  assistance  of  a teacher; 
and  filled  the  professor’s  chair  at  Rome  in  l636,  where, 
at  the  cxptmsc  of  Cardinal  Spada,  be  published  bis  book 
De  Perspccliva  Horaria,  in  ld48.  Maignan  returned  to 
Tboulousc  in  1650,  and  was  created  Provincial.  His 
knowledge  in  inathcmatics,  and  physical  experiments, 
was  very  early  known;  especially  from  a dispute  which 
arose  between  him  and  father  Kircher,  about  a catoplrical 
invention.  ' 

The  king,  who  in  l660  amused  himself  with  the  ma- 
chines and  curiosities  in  the  father's  cell,  made  him  offers 
by  Cardinal  Muzarin,  to  draw  him  to  Paris;  but  he  hum- 
bly desired  to  spend  the  remainder  of  his  days  in  a cloi- 
^ter. — Uc  published  a Course  of  Philosophy,  in  4 volumes 
8vo,  at  Thuulousc,  in  Ui52 ; to  the  second  edition  of 
wiiicb,  in  folio,  l673,  he  added  two  treatises;  the  oae 
• Vol.  II. 


against  the  vortices  of  Descartes,  the  other  on  the  speak- 
ing-trumpet invented  by  Sir  Samuel  Morland.— He  also 
formed  a machine,  which  showed,  by  iu  movdlcnu,  fhat 
Descartes’s  supposition  concerning  the  manner  in  which 
the  universe  wras  formed,  or  might  have  been  formed,  and 
coDCeroing  the  centrifugal  force,  kas  entirely  wKbout 
foundation. 

Thus  this  great  philosopher  and  divine  passed  a life  of 
tranquillity,  in  writing  b^ks.  making  experiments,  and 
reading  lectures.  He  was  frequently  consulted  by*  the 
most  eminent  philosophers  on  dilTercnt  vubjecis,  which 
he  answered  either  by  writing  or  otherwise;  and  no  person 
was  certainly  more  industrious  : dt  is  said  that  he  even 
studied  in  his  sleep  ; for  his  very  dccams  employed  him  in 
problems,  which  be  pursued  sometimes  till  he  caDie  to  a 
solution  or  demonstration;  and  be  has  freqacntly  been 
awaked  out  of  his  sleep  of  a sudden,  by  the  exquisitu 
pleasure  which  he  felt  on  discovery  of  iu  The  excel- 
lence of  his  manners,  and  his  unspotted  virtues,  rendered 
him  no  less  worthy  of  esteem,  than  his  genius  and  learn- 
ing.^ll  is  said  that  he  composed  with  great  ease,  and 
without  making  any  alterations.  He  died  at  Thouiousc  in 
1676,  at  75  years  of  age. 

MALLEABLE,  the  property  of  a solid  ductile  body, 
from  which  it  may  be  beaten,  forged,  and  extended  under 
the  hammer,  without  breaking,  which  is  a property  of  all 
metals. 

MANFREDI  (Eustachio),  a celebrated  atsronomer 
and  mathematician,  born  at  Bologna  in  16/4.  His  ge- 
nius was  always  above  his  age : for  he  was  a tolerable 
poet  and  wrote  ingenious  verses  while  he  was  but  a child  : 
and  while  very  young  he  formed  in  his  father’s  house  an 
academy  of  youth  of  his  own  age,  who  became  there  the 
Academy  of  Sciences,  or' the  Institute.  He  was  professor 
of  mathematics  at  Bologna  in  1 698,  and  superintendant 
of  the  waters  there  in  1704.  The  same  year  he  was 
placed  at  the  head  of  the  College  of  Montalte,  founded 
at  Bologna  for  young  men  intended  for  the  church:  and 
in  1711  he  obtained  the  office  of  astronomer  to  tbe  In- 
stitute of  &jlogna.  He  became  member  of  the  Academy 
of  Sciences  of  Paris  in  1726',  and  of  the  Royal  Society 
of  London  in  1729;  died  the  15th  of  February  1739, 
at  65  years  of  age.— His  works  are : 

I.  Ephemcrides  Motuuin  Ccelestium  ab  anno  1715  ad 
annum'  1750;  4 volumes  in  4to. — The  first  volume  is  an  * 
excellent  introduction  to  astronomy  ; and  the  other  three 
contain  numerous  calculations.  His  two  sisters  greatly 
assisted  him  in  composing  this  work.  * 

S.  Dc  Transitu  Mcrcurii  per  Sulem,  anno  1723.  Bo- 
logna 1724.  m 4to. 

3.  De  Annuls  Irserrantium  Stellaruro  Aberrationibus,  * 
Bologna  1729*  inito. — Besides  a number  of  papers  in  the 
Memoirs  of  the  Academy  of  Scienct^,  and  in  other  places. 

MANlLIUi)  (MArcus),  a Latin  astronomical  poet, 
who  lived  in  the  reign  of  Augustus  Ctesar.  He  wrote  an 
ingenious  pot'm  relating  to  the  stars  and  the  sphere,  called 
Astrunomicon ; which, not  being  mentioned  by  an^of  the 
ancient  poets,  was  unknown,  till  about  two  ceiiiurus 
since,  when  it  was  found  buried  in  sqme  German  library, 
and  published  by  Poggius.  There  is  no  account  to  W 
found  of  this  author,  but  what  can  bo  drawn  from  his  poem ; 
which  contains  a system  of  the  ancient  astronomy  and 
astrology,  together  with  the  philosophy  uf  the  Stoics.  It 
consists  of  five  books ; though  there  wad  a sixth,  which 
has  not  been  recovered.^  In  this  work,  Manilius  hints 
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at  ojnnioiis,  which  lultr  a^cs  lia\c  been  ready  to 
j;lory  in  »<s  their  own  dKowrie*.  ’I’hu>  lie  defejuU  the 
fluiiftt)  c^the heaveiUf  agai[)at  (be hy|>olhesis  of  Arbtdtie; 
and  a2>&rrts  that  (he  hve<l  »tar»  are  nul  all  in  the  kame  cr>ii' 
caresu|}er6ciesoft)H‘bcan-'ns.nnd  equally  distant  from  the 
centre  of  the  world ; he  iiiaintuina  that  they  are  all  of  the 
frame  nature  and  substance  with  the  sun.  and  that  each  of 
them  huk  a particular  vortc  x of  its  own : and  lastly,  lie  says 
that  llie  miiby  way  is  oifly  the  united  lustre  of  a great 
ru^Tiy  small itn(terce|)tiblcstars;which  indeed  the  ingrk-rns 
now  sec  to  be  such  through  their  icK'scupca.  The  best 
editions  of  Manilius  arc  that  of  Joseph  bcaligrr,  in  4to, 
l600;  that  of  Uemley,in  4lo,  17.38,  and  that  of  ICdmund 
Burton,  t-sq.  in  Svo,  I7dj. 

MA^'OMETKU,  or  Manoscope,  an  instrument  to 
ihow  ortneavurc  the  ahenUioDs  in  the  rarity  or  density 
of  the  air.— ‘The  manometer  didtrs  from  the  barometer  in 
this,  that  the  latter  only  serves  to  measure  the  Weight  of 
the  atmosphere,  or  of  the  column  of  air  over  it ; but  the 
formi-r,  the  Density  of  the  air  in  which  it  i&  found; 
wjiicli  density  depends  not  only  on  the  weight  of  the  at- 
mosphere*, but  also  on  the  action  of  heat  and  cold,  6ic. 
Authors  however  often  confound  the  (wo  together;  and 
Mr.  Hoyle  hiiiiK-if  Ims  given  a very  good  manometer  of 
his  contrivance,  under  the  name  of  a Statical  Uarotneter, 
consisting  of  h bubble  of  ihm  glass,  about  the  sixe  of  an 
orange,  which  being  counterpoised  when  the  air  was  in  a 
mean  slate  of  density,  by  metus  of  a nice  pair  of  scales, 
sunk  when  the  atmcNsphL-rc  bocaiue  lighter,  and  rose  as  it 
grew  heavier. 

The  manometer  used  by  Captain  Phipps,  in  hi»  voyage 
towards  (he  north  pole,  consisted  a tube  of  a small 
bore,  with  a ball  at  the  end.  The  barometer  being  at 
29*7*  u small  quantity  of  quicksilver  was  put  into  the 
tube,  to  take  off  the  communication  betwi-eii  the  external 
nir,  and  that  confiiu-it  in  the  ball  and  the  part  of  the  lube 
beloi^  this  quicksilver.  A scale  is  placed  on  the  side  of 
the  tube,  which  murks  the  degrees  of  dilatation  arising 
from  the  increase  of  beat  in  this  state  of  the  weight  of  the 
air,  and  has  the  same  graduation  as  that  of  Fahrv'nheit’s 
. rhennomelcr,  the  point  of  freeting  being  marked  32.  In 
this  state  therefore  it  will  show  the  degrees  of  heat  in  iho 
>>nmc  manner  as  a thermometer.  Hut  when  the  air  becomes 
lighter,  the  bubble  inclosed  in  the  ball,  being  less  com- 

* pressed,  dilates  itself,  aud  occupies  a space  us  mucll  larger 
as  the  compressing  force  is  less;  therefore  the  changes 
arising  from  the  increase  of  heat,  are  proportionably 
larger ; and  the  instrument  shows  the  differences  in  the 
density  of  the  air,  arising  from  the  changes  in  its  weight 
and  heat.  Mr.  Hamsden  found,  that  a beat  equal  to  that 

• of  boiling  water,  increased  the  magnitude  of  the  air,  from 

what  it  was  at  the  freezing  point,  by  ''^hole. 

Hence  it  follows,  that  the  ball  and  the  part  of  the  tube 
below  the  beginning  oY  the  scale,  is  of  a magnitude  equal 
to  almost  414  degrees  of  the  scale.  If  the  height  of  Imtb 
\he  manometer  and  thermometer  be  given,  the  height  of 
the  barometer  may  be  ibencc  dixluced,  by  this  rule  : 

as  the^u-ight  of  the  roanometcr  increased  by  414, 
to  the  height  of  the  thermometer  incrcascii  oy  414, 
soHs  29’7.  to  ihfiiiigbt  of  the  barometer ; • 

or  if  m denote  *the  height  of  the  manometer,  and  t the 
height  of  the  thermometer;  then 
w -h  414  : t 414  : : 29*7  : x 29*7,  v^icb  is 

a ^ «l  i 

*.hc  height  of  the  barometec,  * 


Another  kind  of  matmmeter  was  made  use  of  by  Colonel 
Hoy,  in  bis  attempts  to  corrtet  the  errors  oi  the  bauv 
meter;  which  is  described  in  the  Philos.  Trans.  voL  67, 
pa.  6H9.  ■ . 

• MANTKLK'I,  b kind  of  moveable  parapet,  or  screen, 
of  ubout  6,  feel  high,  set  upon  trucks  or  litile  wheels,  and  * 
guided  by  a long  polo ; so  that  in  a siege  it  may  be  driven 
before  the  pioneers,  and  serve  as  blinds,  or  screens,  to 
shelter  them  from  the  enemy  s small  shot..  Mantelets  arc 
made  of  different  materiaU,  so  as  to  render  them  musket 
proof;  some  consisting  of  strong  boards  nailed  together, 
und  covered  with  tin  ; or  of  thick  leather,  or  of  layers  of 
rope,  &c,  firmly  bound  together. 

There  arc  also  Hither  kinds  of  mantelets,  covered  on 
the  lop,  used  by  the  miners  in  approaching  the  walls  or 
works  of  an  enemy.  I'be  double  mantel<‘ts  lurm  an  angle, 
and  stand  square,  making  two  fronts.  It  ajipears  from 
Vegetius,  that  roanielcU  were  in  use  among  the  ancients, 
under  the  name  of  Vinca*. 

Map,  a pUnc  tigure  representing  the  surface  of  the 
eanh,  or  some  part  of  it  on  a plane;  U inga  projection  of 
the  globular  siiifiicr  of  the  earth,  exhibiting  countries, 
seas,  rivers,  mounlHins,  cities,  6ic,  in  their  due  porili.  iis, 
or  nearly  so. 

Maps  arc  tnther  universal  or  partial. 

Unixrrsai  Maps  are  such  as  exhibit  the  whole  surface 
of  the  earth,  or  the  two  hemispheres. 

/*arricu/ur,  or  Pariutl  Maps,  are  those  that  exhibit  some 
particular  region,  or  part  of  the  earth.  . 

Both  kinds  are  usually  called  geographical,  or  land- 
maps,  as  distinguished  irom  hydrographical,  or  H'A-maps, 
which  represent  only  the  seas  and  sea  coasts,  and  arc  pro- 
perly called  Charts. 

Anaxiraaniler,  the  scholar  of  Thales,  it  is  said,  about 
400  years  before  Christ,  6rst  invented  gt*ugraphical  tables, 
or  maps  I1u*  Pemingerian  'I'ubles,  published  by  Corne- 
huH  IVntinger  of  Augsburg,  contain  an  itinerary  of  the 
whole  Roman  empire  ; all  places,  except  seas,  woods,  and 
deserts,  being  laid  down  according  tu  their  measured  di- 
stances, but  without  any  mention  of  latitude,  longitude,  or 
bearing. 

The  maps  published  by  Ptolemy  M Alexandria,  about 
the  144th  year  of  Christ,  have  meridians  and  parallels,  the 
better  to  dehne  and  determine  the  situation  of  places,  and 
aft*  great  improvements  on  the  construction  of  the  more 
ancictit  maps.  Though  Ptolemy  faims4*)f  owps  that  his 
maps  were  copied  from  so  rue  that  were  made  by  MaHnus, 
Tirus,  &c,  with  the  addition  of  some  improvements  of  bis 
own.  But  from  bis  time  till  about  the  14th  century, 
during  which  geograpliy  and  most  sciences  were  neglected, 
no  new  maps  were  published.  Mercator  was  the  liist  of 
any  note  among  the  moderns,  and  next  to  him  Ortilius, 
who  undertook  to  make  a now  set  of  maps,  with  the  mo- 
dern divisions  of  countries  and  names  of  places;  for  want 
of  which,  those  of  PfolCroy  were  become  almost  useless. 
After  Mercator,  many  others  published  maps,  but  fur  (ho 
most  pan  they  were  mere  copies  of  his.  I'owards  the 
middle  of  the  l7>h  century,  Hieau  in  llolhmil,  and  Sanson 
iu  France,  published  new  sets  of  maps,  with  many  im- 
provements from  ibe  travelliTS  of  (hose  times,  which  were 
afterwards  copied,  with  little  variation,  by  the  Knglish, 
Frerveh,  and  Dutch:  but  the  bc*sl  of  these  v\erc  those  of 
Vischcr  and  Dewitt.  An<l  later  observations  have  fur» 
nished  us  v\uh  still  more  accurate  and  copious  sets  of 
maps,  by  Dclislc,  RobcJi,  Wells,  &c,  Ac.  Concerning;, 
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maps,  sec  Vartniiis’s  Geog.  lib.  3,  cap.  3,  pixip.  4;  Four- 
nier’s Hydrog.  lib.  4,  cap.  Wolfius’s  Hydrc^. 

cap.  9;  John  Ngwton's  Idea  of  NaTigation;  Mead’s  Cott- 
strucdon  of  Globes  aad  Maps;  AVrigbc’s  Constniction  of 
Maps,  Ac,  Ac. 

dofMructuM  q^MAP8.~Maps  are  constructed  by  ma- 
king a projection  of  the  globe, either  on  t£e  plane  of  some 
particular  circle,  or  by  the  eye  placed  in  some  particular 
poiot,  according  to  the  rules  of  perspective,  Ac ; ofarhich 
there  arc  several  methods. 

Firu,  ro  conMruct  u Mup  the  World,  or  a general  Kap. 

1 St  Method. — ^ map  of  the  world  must  represent  two 
heroispbercs ; and  they  must  both  be  drawn  upon  the  plane 
of  that  circle  which  divides  the  two  hemispheres.  The 
first  way  is  tb  project  each  hemisphere  upon  the  plane  of 
some  particular  circle,  by  the  rules  of  orthographic  pro- 
jection, forming  two  hemispheres  oti  one  common  ba^  or 
circle.  When  the  plane  of  projection  is  that  of  a meri- 
dian, the  maps  will  be  the  cast  and  west  hemispheres,  the 
other  meridians  will  be  ellipses,  and  the  parallel  circles 
will  be  right  lines.  On  the  plane  of  the  equinoctial,  the 
meridians  will  be  right  lines  crossing  in  the  centre,  which 
will  represent  the  pole,  and  the  parallels  of  latitude  will  be 
circles  having  that  common  centre,  and  the  maps  will  be 
the  northern  and  southern  hemispheres.  The  fault  of  this 
way  of  drawing  maps  is,  that  near  the  outside  the  circles 
are  too  near  one  another;  and  therefore  equal  spaces  on 
the  earth  are  represented  by  very  unequal  spaces  on  the 
map. 

2d  AfeiAod.*— Another  way  is  to  project  the  same  he- 
mispheres by  the  rules  of  stereographic  projection;  in 
which  way,  ml  the  parallels  are  represented  by  circles,  and 
the  meridians  by  circles  or  right  lines.  And  here  the  con- 
trary fault  happens,  via,  the  circles  towards  the  outsides 
are  too  iar  asunder,  and  about  the  middle  they  arc  too 
near  togi-tber. 

3d  Method.^Xo  remedy  the  faults  of  the  two  former 
rocthod-H,  proceed  ns  follows.  First,  for  the  east  and  west 
hemispheres,  describe  the  circle  pbnq  for  the  meridian 
(pl.21,  fig.  1}  or  plnne  of  projection;  through  the  centre 
of  which  draw  the  equinoctial  eq,  and  axis  ph  perpendi- 
cular to  it,  making  p and  K the  north  and  south  pole. 
Divide  the  quidmnts  t>n,  ew,  nq,  and  qp  into  9 equal 
parts,  each  repnsenting  10  degrees,  beginning  at  the  equi- 
noctial bq:  di^euUo  cpand  cn  into  9 equal  parts;  l^e- 
ginning  at  eq  ;,aiid  through  the  corresponding  points  draw 
the’|>arallels  of  latitude.  Again,  divide  ce  and  cq  into  9 
equal  parts;  and  through  the  points  of  division,  and  the 
two  poles  p and  h,  draw  circles,  or  rather  ellipses,  for  the 
meridians.  So  shall  the  map  be  prepared  to  receive  ibo 
several  places  and  countries  of  the  earth. 

Secondly,  For  the  north  or  south  hemisphere,  draw 
AQBP.,for  the  equinoctial  (fig.  2),  dividingit  into  the  four 
quadrants  ea,  aq,  qb,  and  be;  and  each  quadrant  into 
9 equal  parts,  rc(»ruscnting  each  10  degrees  of  longitude ; 
and  then,  from  the  points  of  division,  draw  lines  to  the 
Centre  c,  for  the  circles  of  longitude.  Divide  any  circle 
of  longitude,  as  the  first  meridian  BC,  into  9 equal  parts, 
and  through  these  points  describe  circles  from  the  centre 
c,  for  the  parallels  of  latitude,  numbering  them  as  in  the 
figure. 

In  this  3d  method,  equal  spaces  on  the  earth  are  repre- 
sented by  equal  spaces  on  the  map,  as  near  aS  any  projec- 
tion will  bear ; for  a spherical  surface  can  no  way  be  re- 
presented exactly  on  a plane.  Then  the  several  coon  tries 
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of  the  world,  sAis,  islands,  soa-coastl,  towns,  Ac,  arc  r<» 
be  entered  in  the  map,  according  to  tbeir  latitudt^s  and 
longitudes. 

In  filling  up  the  map,  all  places  representing  land  are 
filled  with  such  things  as  t]^c  countries  contain  ; but  the 
seas  are  left  blank  ; the  shores  adjoining  to  the  sea  being 
shaded.  Rivers  are  marked  by  strong  lines,  or  by  double 
lines,  drawn  windiAg  in  fdrm  of  the  rivers  they  teprvsent ; 
and  small  rivers  are  expressed  by  small  lines.  Difilrent 
countries  arc  best  distinguished  by  different  colours,  or  at 
leut  the  borden  of  them.  Forests  are  represented  by 
trees ; and  mountains  shaded  to  make  them  appear  as  such. 
Sands  are  denoted  by  small  points  or  specks;  and  rocks 
under  water'  by  a BOiall  cross.  In  any  void  space,  draw  tfao 
mariner's  compass,  with  the  32  points  or  winds. 

1 1.  To  ^ow  c Mop  tif  anjf  partieulur  Country. 

1st  Method^^Tor  this  purpose  its  extent  must  be 
known,  as  to  latitude  and  longitude;  as  suppose  Spain, 
lying  between  the  north  latitudes  36  and  44,  and  extend- 
ing from  10  to  23  degrees  of  longitude ; so  that  its  extent 
from  north  to  South  is  8 degrees,  and  from  cast  to  west  13 
degrees. 

Draw  the  line  ab  for  a meridian  passing  through  the 
middle  of  the  country  (hg.  3),  on  which  set  off  8 degrees 
from  B to  X,  taken  from  any  convenient  scale ; a ^ing* 
the  north,  und  n the  south  point.  Through  a and  B 
draw  the  pcrprndicularii  CO,  Br,  for  the  r.vtrrmc  pa- 
rallels of  latitude.  Divide  ab  into  H pans,  or  degrees, 
through  which  draw  the  other  parallcU  of  latitude,  parallel 
to  the  former.  ^7^ 

For  the  mcridiariH;  divide  any  degree  in  Itfto' ,60 
equal  parts,  or  gcograpldcal  miles.  Then,  hecallfd  the 
length  of  a degree  in  each  parallel  decreases  towards  the 
pole,  from  the  table  showing  tbit  decrease,  under  the  ar- 
ticle Dcouee,  take  the  number  of  milt's  answermg  to  the 
latitude  of  b,  which  is  48|^  nearly,  and  set  it  from  a,  7 
times  to  E,  and  6 limes  to  r ; so  is  sr  divided  into  degrees. 
Again,  from  the  same  table  take  the  number  of  miles 
of  a degree  in  the  latitude  a,  vis  43^  nearly;  which  sot 
off,  from  A,  7 times  to  c,  and  6 times  to  v.  Then  from 
the  points  of  division  in  the  line  cn,  to  the  corresponding 
points  in  the  line  ef,  draw  so  many  right  lines,  for  the 
meridians.  Number  the  degrees  of  Utitude  up  both  tides 
of  the  map,.aiid  the  degrees  of  longitude  on  the  top  and 
bottom.  AIm,  in  some  vacant  placamakc  a scale  of  miles; 
or  of  degrees,  if  the  map  represent  a large  pan  of  the 
earth ; to  serve  for  finding  the  distances  of  places  from  each 
other. 

Then  make  the  proper  divisions  and  subdivisions  of  the 
countr}' : and  knowing  the  latitudes  and  longitude  of  the 
principal  places,  it  will  be  easy  to  set  them  down  in  the 
map:  for,  any  town,  Ac,  mutt  be  placed  where  the  circles 
of  its  latitude  and  longitude  intersect.  For  instance, 
Gibraltar,  whose  latitude  is  36*^  iV,  and  longitude 
12®  27’,  will  be  at  o : and  Madrid,  wb<isG  lat  is  40®  10* , 
and  long.  14®  44',  will  be  at  H.  In  like  manner  the 
mouth  of  a river  must  be  set  down ; but  to  describe  the 
whole  river,  the  latitude  and  loi^itude  of  every  turning 
must  be  marked  down,  and  the  towns  and  bridges  by 
which  it  passes.  And  so  for  woods,  forests,  mountains, 
lakes,  castles,  Ac.  The  boundaries  will  be  desCfibcd,  by 
setting  down  the  remarjtaWe  places  ob  the  sea-coast,  and 
drawing  a continued  line  thniigb  them  ail  ’ which  method 
is  very  proper  for  small  co||ptri<w* 

2d  Method. Maps  of  particular  places  arc  but  porlions 


MAR 


MAR 


['2 

<jf  thr  g\dbe,  and  therefore  may  be  dra%\*tii  after  the  same 
manner  at  the  whole  i&  drattii:  that  is,  such  a map  may 
bo  drawn  cither  by  the  orthogrepltic  or  stercoprapliic  pro- 
jection uf  the  sphere,  as  in  the  lati  prob.  Uut  in  partial 
reaps,  an  caster  way  is  at  follows.  Having  drawn  the 
mCTndian,AB  (hg.  3),  ami  divided  it  into  equal  parts  as  in 
the  la^t  inethiHi,  through  all  the  points  of  division  draw 
lines  perj»efulicular  to  ab,  for*the  pttrallels  of  latitude; 
CD,  Er  iH'ing  the  extreme  parallels.  Then  to  divide  these, 
set  otT  the  degrees  in  each  parallel,  diminished  after  Uie 
manner  directed  for  the  two  extreme  parallels  cn,  ef,  in 
the  last  method  ; and  liirough  all  the  corresponding  points 
draw  the  meridians,  which  will  be  curve  linra ; which  were 
lilies  in  the  lust  mc»lliod;  In-cause  only  the  extreme 
parallels  were  divided  by  the  table.  'Ibis  method  is  pro- 
per for  a large  tract,  as  Kuropc,  Ac : In  which  case  the  pa- 
nilleU  and  meridians  need  only  be  drawn  to  every  5 or  10 
degrees:  and  it  is  also  much  used  in  drawing  maps;  as  all 
the  parts  are  nearly  of  their  due  magnitude,  but  a little 
distorted  towards  the  outside,  f»om  the  oblique  iiuerscc- 
tions  of  the  meridians  and  parallels. 

T3d  .Vr/Aod.— Draw  pr  of  a convenient  length,  for  a nio- 
ridiau ; divide  it  into  9 equal  parts,  and  through  the  points 
of  division,  describe  as  many  circUm  for  the  parallels  of 
* lailtude,  from  the  centre  r,  which  represents  the  pole. 

Suppose  AB  (ha'.  4)  the  height  of  the  map ; then  cd  will 
, be  the  parallel  passing  through  the  greatest  latitude,  and 
^ IF  will  n*prcsc*nl  the  equator.  Divide  the  equator  ef 
into  equal  parts,  of  the  same  dimensinii  us  those  in  ab, 
both  wB}'s,  begiiHiing  at  b.  Divide  also  all  the  parallels 
into  the  BBiiie  number  of  equal  parts,  but  lesser.  In  propor* 
tion  to  the  numixni  for  the  several  latitudes,  as  directed  in 
the  Utt  method  Ibr  the  rectilini'al  parallels.  Then  through 
nit  thMjmrresponding  divisions,  draw  curve  lines,  to  re- 
present the  tn^>ridiajis,  the  extreme  ones  being  EC  and  fd. 
Lastly,  number  the  degrees  of  latitude  and  longitude,  and 
placea  scale  uf  equal  parts,  either  of  miles  or  degrees,  lor 
measuring  distances.—-Thi8  is  a very  good  way  of  drawing 
large  maps,  and  is  called  the  globular  projection  ; all  the 
parts  of  the  earth  being  represented  nearly  of  their  due  mag- 
nitude, excepting  that  they  arc  a little  distorted  towards 
the  outsides. 

When  the  place  which  the  map  is  to  represent,  is  but 
small,  as  if  a county  was  to  be  exhibited;  the  meridians, 
ns  to  sense,  will  be  pa^illcl  to  one  another,  and  the  whole 
will  differ  very  little  from  a plane.  Such  a map  will  be 
made  more  easily  than  by  the  frecetling  rules.  It  will 
here  be  sufficient  to  measure  the  distances  of  places  in 
miles,  and  so  lay  them  down  in  a plane  rectangular  map. 
Rut  this  belongs  more  properly  to  surveying. 

TTie  f/jeqfMAP8  is  obvious  from  their  construction. 
The  dcgrrt*s  of  the  meridians  and  parallels  show  the  lati- 
tudes and  longitudes  of  places,  and  the  scale  of  miles  an- 
nexed, their  distances;  the  situation  of  places,  with  regard 
to  each  other,  as  well  us  to  the  cardinal  points,  appears 
by  inspeetjon;  the  top  of  the  map  being  alwa^'s  the  north, 
the  bottom  the  south,  the  right  hand  the  east,  and  the  left 
hand  ibe  wist;  unless  the  qotnpass,  usually  antR*xcd,  show 
the  contrary. 

MARALDI  (James  Philip),  b learned  astronomer 
and  mathematician,  was  born  in  lb‘63,  at  Perinaldo  in 
the  County  of  Nice,  a place  alsrady  honoured  by  the  birth 
ol  his  maternal  uncle  the  celebrated  Cassini.  Having 
* conviderable  prugicss  in  malheraalics,  at  ihc  age 
« -2,  his  uncle  who  bad  been  a long  lime  settled  in 


• 3 

France,  invited  him  there,  that  he  might  himself  cultivate 
the  promising  genius  of  his  nephew.  Maraldino  sooner 
applied  himself  to  tlic  contemplation  of  the  heaven^,  than 
he  conceived  the  design  of  forming  u calaioguc  of  the 
hxed  stars,  the  foundnlion  of  all  the  astronomical  edidee. 
In  consequence  of  this  design,  he  applied  himself  to  ob- 
serve them  with  the  most  constant  attention  ; and  he  be- 
came by  this  ineam  so  intimate  with  them,  that  on  being 
shown  any  one  of  them,  however  small,  he  could  immi  • 
diatrly  tell  what  constellation  it  l>elongrd  to,  and  its  place 
in  that  constellation.  He  has  been  known  to  discover 
those  small  comets,  which  aetronoincrs.  often  take  for  the 
stars  of  the  consitdlation  in  w hich  they  are  seen,  for  want 
uf  knowing  precisely  what  stars  the  constellation  consists 
of,  when  others  on  the  spot,  and  with  eyes  directed 
equally  to  the  same  part  of  i\\c  heavens,  could  not  for  a 
lun^  lime  sec  any  thing  uf  them. 

In  1700  be  was  employed  under  Cassini  in  prolonging 
the  French  meridian  to  the  northern  extremity  of  France, 
and  bad  no  small  share  in  completing  it.  He  then  set 
out  for  Italy,  where  Clement  the  1 Ith  invited  him  to  as- 
sist at  the  assemblies  of  the  Congregation  then  sitting  in 
Rome  to  reform  the  calendar.  Uianchint  also  avaihxJ 
himself  of  his  assistance  to  construct  the  gnat  meridian  uf 
the  Carthusian  church  in  that  city.  And  in  1718  .^Ia• 
raldi,wiih  three  other  academicians,  prtiiunged  the  French 
meridian  to  the  southern  extremity  of  that  country.  He 
was  admitted  a member  of  the  Academy  uf  Sciences  of 
Paris  in  H)'99,  in  the  department  of  astronomy,  and  com- 
municated to  it  a great  multitude  of  papers,  which  are 
printed  in  their  Memoirs,  in  almost  every  )ear  from  1699 
to  1729,  and  usually  several  papers  in  each  of  the  years; 
for  he  was  indefatigable  in  bis  observations  of  every  thing 
that  was  curious  and  useful  in  the  motions  and  pheno- 
mena of  the  heavenly  bodies.  As  to  the  catalogue  of  the 
fixed  stars,  it  was  not  quite  completed  by  him  : for  just  as 
he  had  placed  a mural  quadrant  on  the  terrace  of  the  ob« 
servalory,  to  observe  some  stars  towards  the  north  and  the 
zenith,  he  fell  sick,  and  died  the  1st  of  December  1729- * 

MARCH,  MartiuSf  the  3d  month  of  the  year,  ac- 
cording to  the  common  way  of  computing,  and  consists 
of  31  days.  The  sun  enters  the  sign  Arie^  about  the  20th 
or  21st  day  of  this  moqth.— Among  the  Rbmans,  March 
was  the  first  munth;  and  in  some  ecclesiastical  computa- 
tions, that  order  is  still  preserved.  In  ^nglnnd,  before 
the  alteration  of  the  stile,  March  was  (he  1st  month  in 
order,  the  year  always  commencing  with  the  2.5th  day  of 
the  month.  It  has  been  said  that  it  was  Romulus  who 
first  divided  the  year  into  months;  to  the  first  of  which 
he  gave  the  name  of  his  supposed  father  Mars.  It  is  ob- 
sened  by  Ovid,  however,  that  the  people  of  Italy  had  ilic 
month  of  March  before  the  time  of  Romulus;  but  that 
they  placed  it  differently;  some  making  it  the  third, some 
the  4lli,  some  the  itb,  and  others  the  10th  month  of  the 
year. 

MARINE  Barometer,  Sec  Barombter. 

MARINRRS-Compass.  Stii  Compass. 

MAIUNUS.  Sec  Pkoclvs. 

MARIO'ITK  (Edme),  an  eminent  French  philosopher 
and  mathematician,  was  burn  at  Dijon,  and  admitted  n 
member  of  the  Academy  of  Sciences  of  Pans  in  l66fi. 
His  works  however  are  better  known  than  bis  life.  He 
was  a good  mathematician,  and  the  first  French  philoso- 
pher who  applied  much  lu  experimental  physics.  The 
law  of  the  shock  or  collision  of  bodies,  the  tlicory  of  the 


pressure  and  ‘motion  of  duids,  the  nature  of  vision,  and  of 
the  tiir,  particularly  engaged  his  altention.  He  carried 
into  his  philosophical  resean  h<-s,  that  spirit  of  scrutiny 
and  iove*iigalioii  *o  nt*ces'lry  to  thoM*  who  would  make 
an^'  cotLock-mble  |)rugr<*>8  in  improveiuent.  lie  died  in 
10S4. — He  communicat'd  a ndmber  of  curious  and  va- 
luable papers  to  the  Academy  of  Science’*,  which  were 
printed  in  the  collection  of  their  Memoirs  datt^  l6(>6,  vix, 
from  volume  I to  volume  10.  Ainl  all  his  works  were 
collected  into  2 volumes  in  4to,  and  printed  at  Leyden 
in  1717. 

MAKS,  one  of  the  ancient  seven  primary  planets,  ond 
the  hrst  of  the  superior  ones,  being  plaCL'd  immediately 
next  above  the  earth.  It  is  usually  denoted  by  this  cha- 
racter ^ , being  a mark  rudely  formed  from  a man  hold- 
ing  a ^pear  protruded,  representing  the  god  of  war  of  the 
same  name. 

The  mean  distance  of  Mars  from  the  sun,  is  1524  of 
those  parts,  of  which  the  distance  of  the  earth  from  the 
sun  is  1000;  his  excentricity  142;  and  his  real  distance 
145  millions  of  miles.  The  inclination  of  his  orbit  to  the 
plane  of  the  ecliptic,  is  1®  52^;  the  length  of  hi?  year,  or 
the  period  of  one  revolution  about  the  sun,  is  6S6|-f  of 
our  days,  or  667i  of  his  own  days,  which  are  40  minutes 
longer  than  ours,  the  revolution  on  his  axis  being  per- 
formed in  24  hours  40  minutes.  His  mean  diameter  is 
4444  miles;  and  the  same  seen  from  the  sun  is  1 1'^r  the 
inclination  of  the  axis  to  his  orbit  0“t/;  place  of  the 
aphelion  2**  24*;  place  of  his  ascending  node  17®  3*; 
and  his  parallax,  according  to  Dr.  Hooke  and  Mr.  Flam- 
steed, is  scarce  3<)  seconds. 

Dr.  Hooke,  in  166.5,  oliserved  several  spots  in  Mars ; 
which  having  a motion,  he  concluded  the  planet  turned 
round  its  centre,  hi  l6‘66,  M.  Cassini  observed  several 
spots  in  the  two  fact's  or  hemispheres  of  Mi<r%  which  he 
found  made  one  revolution  in  24  hours  40  minutes,  't  hese 
observations  were  rc|iettied  in  l6’70,  an«l  ctmfirmed  by 
Maraldi  in  1704  and  i71f)’  whence  bt»th  the  motion  and 
period,  or  natural  day.  of  thur  planei,  were  determined. 

In  the  Fhilos.  'I'rans.  for  17hl,  Dr.  Hersrhel  gave  a 
scries  of  observations  Uie  mtNOon  of  this  planet  about 
itsaxi',  from  wiiich  be  conclutled  that  one  mean  siilcrt'al 
rotation  was  lietween  24  h.  39  m.  5 «*c.  and  24  h 39  m. 
22  sec.;  .nnd  in  the  Philos.  Trans,  for  17114,  it  given  a 
paper  by  the  same  gentleman,  on  the  remarkable  iippear- 
ances  at  the  polar  regions  of  the  planet  Mar»,  the  inclina- 
tion of  Its  axis,  the  position  of  its  poles,  and  its  spheroidi- 
cal figure;  with  a few  hints  relating  to  its  real  diameter 
and  atmosphere,  dcdureil  from  his  ohsertations  taken  from 
the  year  1777  to  1783  inclusively.  He  also  observed  se- 
veral remarkable  bright  apots  near  both  poles,  which  had 
a small  inotiaii ; and  the  results  of  bis  ut^enations  arc  as 
follow;  via, 

“ Inclination  of  axis  lo  the  ecliptic,  59®  22*. 

The  node  of  the  axis  is  in  X 17°  47*. 

OWiquIly  of  the  planet's  ecliptic  2d®  42*. 

Tlie  point  Aries  on  Mars's  ecliptic  answers  to  our  f 
19®  28'.— The  figuiY  of  Mars  is  that  of  an  oblaie  sphe- 
roid, whose  equatorial  diameter  is  to  the  polar  one,  as 
1355  to  1272,  or  rt!»  16  lo  15  neatly. — The  equatorial 
diamcIiT  of  Mats,  n'duced  lo  the  mean  distance  of  ijie 
earth  fnnn  the  sun,  is  9**  8*^*. — And  the  planet  has  a con- 
siderable, but  moderate  atmosphere,  so  that  its  inhabitants 
probably  enjoy  a situation  in  many  respreu  similar  to 
— Mars  always  iipi>cars  with  a ruddy  troubled  fight; 


owing,  it  is  suppotco,  to  the  nauire  of  hl»  aimo-pliere, 
through  which  the  licht  pass*'?.— In  the  aciunical  rising 
of  this  phiaet,  or  when  in  opposition  to  the  sun.  it  is  5 
times  nearer  to  us  ih.m  wlien  In  conjunction  with  hitn; 
and  ihcn-fore  «p;>ear5  much  Ivgcr  and  brighter  than  at 
other  limes, — XIars,  Imviiig  bis^^ht  from  the  son,  and  re- 
volving rtiund  it,  hat  an  inerr:^*  and  dccnaw  like  the 
moon:  it  may  alvo  be  ob'^eru'd  almost  bivcQt<*d,  when  in 
the  quadratures,  or  in  prri:;ieon;  but  is  never  tcen'Corni- 
cular,  a?  the  inferioi  plum  ts.  * 

.MAUTIN  (Bf.xjamin),  was  born  in  l/t'4,  and  be- 
came one  of  the  most  celebrated  matbeiuaiiciiins  ahd  op- 
ticians of  his  time.  He  first  taught  a scho*i|  in  the  coun- 
try; but  afterwards  came  up  to  I.oiukni,  where  he  ?^atl 
Icctun's  on  ex{K'rinu'ntal  phib'sophy  lor  many  years,  and 
carried  on  a very  extensive  trade  as  an  opticiau  and  slobe- 
makcr  in  F|fet-strect.  till  the  grtiwinc  infirmities  of  old 
age  compelled,  him  lo  withdraw  from  llip  active  part  of 
business.  'IVusting  too  fytully  to  whqt  he  thought  the  in- 
tegrity of  others,  he  unfortumitely,  though  with  a cupitul 
more  than  sufficiuit  to  pay  all  his  debts,  became  a bank- 
rupt. The  nnhuppy  old  man,  in  a moment  <»f  tiesperation 
fr*»m  this  unexpected  stroke,  attempted  to  destroy  biin- 
svlf;  and  the  wound,  though  not  immediately  m<irtal, 
hastened  his  death,  which  happened  the  ptli  of  February 
1782,  at  78  years  of  age.  , * 

Mr  M.  had  a valuable  collecii«m  of  fossils  ami  curio- 
sities of  almost  every  spt  cies;  which  after  his  dwith  were 
almost  given  away  by  public  auction.  He  was  itidefali- 
gnble  as  an  artist,  and  ns  a writer  he  had  a very  happy 
method  of  explaining  bis  subject,  and  wrote  with  clear- 
nea«,  and  even  considerable  elegance.  He  was  chiefiy 
eminent  in  the  science  of  optics;  but  he  was  well  skilltMl 
in  the  whole  circle  of  thif  mathemiiticul  ami  philosuphical 
sciences,  and  w rote  useful  books  on  every  *mc  of  them  ; 
though  he  was  not  distinguished  by  any  reinarkabk*  in- 
ventions nr  discoveries  of  his  own.  His  puGlications 
weix-  very  numerous  and  gem*ra]ly  useful some  of  ih« 
principal  of  them  were  as  follow  : * 

The  Philosophical  Grammar ; being  a \'iew  of  the  pre- 
setil  Slate  of  Experimental  Physiology,  or  Naiuraf  Philo- 
wiphy,  1735,  Svo.— new,  complete,  and  universal  Sj*s- 
lom  or  B<*dy  of  l>ecimal  Arithmetic,  I7.‘15,  8vo.— The 
Young  Student*?  Memorial  Book,  or  Pockel  Library, 
1735,  Svo.— Description  and  Use  of  both  the  Globes,  the 
.^rmillary  Sfiherc  nnd  Orrery,  Trigonometry,  1736,  2 
vols.  8vo.*— System  of  the  Newtonian  Phili»*ophy,  1759| 
Svols.— New  Elements  of  Optic?,  1759— Mathematical 
Institutions,  1764,  2 voln.—Philolngic  and  Philosophical 
Gei^raphy,  1759  — Lives  of  PhiluMiphers,  ihcif  Inven- 
tions, 5£C-  1764.— Young  Gcntleihan  and  I.ady's  Philoao- 
phy,  1764,  3 vofs.— Miscellaneous  Convspoiidence,  l/64f 
4 vols. — Institutions  of  Astronomical  X'alculatiun?,  3 
parts,  176  ). — Introduction  to  the  Newtonian  Philosophy, 
1765.— ‘i'rcatise  of  Logarithms.— Treatise  on  Navigation- 
Descriplioii  and  Use  *>f  the  Air-puhip. — Di-scriprion  of 
the  Torricelltun  Baroim  ter. — Appendix  to  the  Use  of  the 
Globes.— PhiloHophia  Rriiannica,  3 v«ds,— Principles  of 
Pump-work.— 'Ib^riry  of  the  Hydr*«meler. — Drircriplion 
and  Use  of  a Case  of  Mutheniaiical  In5irum*ni«.— Ditto 
of  a Universal  Sliding  Hnlc-— Micn  gmplna,  on  the  hli- 
croscope.— Principhw  of  Perspective.— Couiac  of  l.ec- 
turcs. — Optical  Essays.^— F.ssay  on  Electricity.— Evsay  on 
Visual  Glasses  or  Sjvcctaclcs.— Horoli^ia  Nova,  or  New 
Art  of  Dialling.— 'Fbeory  of  Cornets.— Nature  uid  Con- 
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«)ruc(ion  of  Solar  Eclip<^. — ^’ellus  in  tlie  Sun.— The 
Mariner’s  Mirn>f.— Thermtmielruni  Maenum— Surrey  of 
the  Solar  S^sicin.—  E^say  on  Island  Cbry»lul<— Logarith- 
radJugia  Nova,  Arc.  Arc  , 

MASKELVNIC  (^^evil),  d.  d.  f.  r.  s.  Asminorner 
Roval,  ua^  b>>rn  ill  ^ndon,  on  tlia  6th  of  Octob<*r 
J733,  ofun  acciont^fimy,  which  had  been  Imige^ttabliah' 
cd  III  (hi*  w»t  of  Elnglam.  At  9 years  uf  ugc  iie  was 
placed  at  U'estmtiislcr  scht^),  wliere  his  diligence  sptH’dily 
di»tiiiffui>bed  him.  He  acl^uired  an  early  (atte  for  a^(^o• 
nomy  and  optics;  but  it  was  tiie  solar  eclipse  of  174-8 
which  decided  vocation.  IVrceiving  how  necessary 
the  mathrinalics  wore,  in  the  course  he  proposed  to'take, 
he  fletermim-d  on  ihe* study  of  them,  and  acquired  in  a 
feir  months  the  elements  of  geometry  and  algebra.  This 
first  success  was  the  earnest  of  what  he  ciiuld  not  avoid 
obtaining,  by  reading  the  chief  works  on  astfonomy  and 
the  higher  unut)^sii,  which  be  habitually  sludu'd.  About 
this  time  be  went  toCainbVidgc,  and  entered  in  Catharinc> 
ball  , but  afterwards  in  Trinity-college,  where  he  received, 
with  applaiivp;  the  degree  of  bachelor  of  arts. 

In  1755,  he  accepted  of  a curacy  in  the  vicinity  of 
London,  wher6  he  resided  sonic  years,  employing  his  lei- 
sure time  in  his  favourite  study.  This  situation  also  faci- 
litated hii  acquaintance  with  the  then  (utronumcr-ruyal 
Bradley,  for  v#hnm  it  appears  ilml  he  made  sonic  calcu- 
lations of  importance.  In  1758,  be  became  fellow  of  Tri- 
Bity*6oll(^e,  Cambridge,  and  the  next  year  a fellow  of  tbc 
Royal  Society. 

But  it  was  in  the  year  1761  that  his  real  astronomical 
‘caretT  began,  when  he  was  chosen  to  go  to  the  island  of 
8t.  Helena,  to  obs<>rvc  the  transit  of  Venus  over  (he  sun’s 
dids,  and  die  parallax  of  the  star  iiirius,  which  had  often 
been  observcM  by  Lacaille  at  the  Cape  of  Good  Hope. 
From  calculating  these  observations,  Ur.  M.  thought  he 
saw  proofs  for  the  existence  of  a parallax  of  4”|. 

Clouds  prevented  (he  observation  of  the  transit  of  Ve- 
nus, tlie  first  <ibject  of  the  voyage.  But  being  furnishrd 
with  an  excellent  pendulum  clock  of  Shelton’s,  which 
bad  been  r»-gulaled  at  Greenwich  by  Dr.  Braillcy,  be  de- 
termined the  number  of  oscillations  which  it  made  less  at 
St.  Helena  than  at  I/mdon,  in  order  thence  to  deduce  the 
diminution  of  gravity. 

Tbc  secondary  object  of  thq  voyage,  the  parallax  of  Si- 
rios  also  failed,  through  the  firult  of  the  suspension  of  the 
plumb  line,  by  a loop  from  the  neck  of  a central  piu; 
which  bad  likewise  been  tbc  fapU  of  Lacaille’s  instru- 
ment. This  disappointment  gave  occasion  to  an  improve 
incnt  in  the  consiruociun  of  tlicsc  astronomical  instru- 
ments. Several  other  obsi-rvatiotis  however  in  pari  in- 
demnified Dr.  M.  for  tifose  disappointments;  such  os  the 
observation  of  the  tides  at  St.  ilelena,  thd  variation  of  the 
Compass,  and  the  moon's  horary  parallaxot,  Arc.  Also, 
in  going  out  and  returning  home,  he  pnictiv-d  tbr  method 
of  finding  the  longitude  by  (he  lunar  distances  taken  with 
a Hailley’s  quadrant,  making  out  rules  for  the  use  of  the 
seamen,  and  taught  the  method  to  the  oRiceit  on  board 
(he  ship.  The  same  be  afterwards  explained  in  a letter  to 
Dr.  Birch,  the  secretary  to  the  Royal  Society,  which  was 
inserted  in  the  Philos.  Trans,  vol.  £2,  for  the  year  1762; 
and  still  more  fully  in  the  British  Mariner’s  Guide,  which 
he  published  soon  after  his  return  from  bt.  Helena,  and 
which  contained,  among  various^new  and  practical  ar- 
ticles ill  nautical  astronomy,  rules  and  cximpics  fior  work- 
ing the  lunar  observaxions* 


In  1763,  Dr.  Maskelync  went  to  the  island  of  Barba* 
dots,  to  settle  the  longitude  of  the  place,  utid  compart- 
.Mr.  Harris<m’s  watch  with  the  lime  there,  when  he  should 
arrive  at  the  island  with  it.  In  thiv  voyage  also.  Dr.  M. 
tried  obsiTvaliuns  on  board  of  ship  with  Irwin's  murine 
chair,  which  wax  found  not  to  antwee  the*purposex  Dr. 
M.  made  also  several  other  astronomical  ob^rvations,  and 
among  the  rest,  many  relating  to  the  moon's  horary  pa- 
ralla'Xi'S.  Sec  Astronomical  Observatioos  at  St.  Helena 
and  Barbadoes,  in  the  Philos.  I'rans.  vo).  54.  Dr.  M.  re- 
turned from  Barbadoes  in  the  autumn  of  1764,  and  made 
the  report  on  Mr.  H’s  watch,  which,  though  favourable 
in  general  to  tbc  celebrated  artist,  was  far  frr>m  satisfying 
Mr.  H.  who  attacked  him  in  a pamphlet,  to  which  Or.  M. 
wrote  a reply. 

In  1765,  Dr.  M.  succeeded  Mr.  Bliss,  as  astronomer- 
royal  at  Greenwich  Observatory,  where  for  47  y««rs  b«- 
diligently  watched  thb  heavens,  and  rendered  innumerable 
benefits  to  the  nation,  as  well  as  to  individuals,  in  all  the 
arts  and  sciences  connected  with  astronomy  and  naviga- 
tion. Imiiiediately  on  his  appointment  to  that  office,  he 
recommended  the  lunar  method  of  fimling  tbc  longitude 
to  the  Board  of  Longitude,  and  proposed  to  them  to  cause 
a nautical  almanac  to  be  calculated,  and  published,  to 
facilitate  the  method  ; which  they  agnvd  to  ; .the  first  of 
which  was  publisrhcd  for  176?^  and  which  was  continued 
under  his  direction,  with  the  greatest  credit,  through  48 
successive  ycara.  He  also  published  a useful  collection 
of  tables  requisite  to  bo  used  with  the  nautical  almanacs ; 
as  well  as  edited  or  encoufaged  the  publication  of  other 
works,  uf  like  accessory  usefulneas;  as,  Taylor’s  Loga- 
rithms, the  improved  lunar  tables  of  Mayer,  and  Mason, 
Acc,  AcC.  He  procured  also,  at  the  expense  of  the  Koyul 
Society,  the  regular  publication  uf  all  his  own  astruoumi- 
cal  observations,  made  at  tbc  Obaenalory,  forming  a vast 
body  of  valuable  matter,  in  4 large  folio  volumes. 

Dr.  M.  tliDs  continued  indefatigable  In  making  obser^ 
vatiofis  for  47  years,  hardly  ever  quitting  the  Observatory, 
except  once  i^week,  in  attending  the  meetings  of  the 
Royal  Society  one  part  of  the  year.  In  1769>  he  remain- 
ed in  it  to  observe  the  transit  of  Venus,  and  be  drewup 
instructions  for  the  astronomers  sent  out  by  Gn*at  Britain 
to  different  countries.  He  collected  their  obsi-rvaiions, 
and  deduced  from  them  the  sun's  parallax,  and  his  di- 
stance from  the  earth.  .\t  bis  observatory,  he  made  many 
of  the  most  inten*sting  and  most  difficult  observations 
himself,  as  those  of  the  moon ; but  necessarily  confided  to 
his  assistant,  (hose  which  were  less  essential  and  more 
easy.  Ho  followed  closely  the  methods  established  by  hU 
Cclcbrati-d  predccc*ssor  Bradley,  whom  he  even  surpassed 
in  the  exactness  of  his  daily  ubaervations.  lie  brought 
to  perfection  Flamsteed’s  method  of  determining,  at  once, 
the  right  ascensions  of  stars  and  of  the  sun.  He  gave  a 
catalogue  of  stars,  not  numerous  indeed,  but  determined 
with  particular  care,  which  has  served  almost  solely,  du- 
ring these  thirty  yean,  for  tbc  foundation  of  all  astrono- 
mical researches. 

Dr.  M.  did  not  publish  much  himself,  being  otherwise 
more  usefully  employed  on  hi&  ol^rvaiions : but  he  was 
the  cause  and  promuTcr  of  many  publications  by  others. 
He  corresponded  with  almost  uli  the  astrouomers  and 
p^llosoplRTS  in  the  world;  and  he  was  the  medium  of 
many  of  (heir  coiqmumcations  to  the  Royal  Society.  The 
writings  he  produced,  are  remarkable  for  just  ideas  and 
an  ctflightencd  criticism.  Such  is  a Dissertation  on  (be 
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lII|uation  of  Time,  where  he  ha»  delicfttviy  nouceil  a tnU- 
lake  of  Lacaille,  and  another  less  important  mistake  of 
Lalaud^.  Some  doubts  having  been  raised,  respecting 
the  di^Terence  in  latitude  and  longitude  between  the  obser- 
vatories of  Greenwich  and  Paris,  Dr.  M.,  to  whom  the 
observations  were  sent,  showed,  with  his  usual  modera- 
tion, that  the  doubts  w-erc  improper  ;*but  he  did  not  op- 
pose the  methods  proposed  Vo  obviate  them.  . 

It  was  owing  to  the  exertions  of  Dr.  M.,  that  a very  sa- 
tisfactory experiment  was  made  to  ascertain  the  general 
attraction  of  matter,  and  the  medium  density  of  all  the 
matter  in  the  earth.  By  a memoir  presented  to  the  Royal 
Society,  iie  recommended  it  to  that  body,  to  try  the  expe- 
riment on  tire  attraction  of  somr^hill  in  the  British  domi- 
nions. A convenient  one  having  bt'cn  found,  vie,  the 
lifountnin  Schihallien  iji  Scotland,  at  the  request  of  the 
Society,  Dr.  M.  himself  repaired  to  the  place,  and  super- 
intended ihi’  necessary  laeasurrmcnU  aqd  obserrations, 
with  his  usual  attention  and  corrccineao.  Hn  survey  fur- 
nished the  Just  plan  and  numerous  sectiont  of  the  bill, 
and  his  eenith  sector  showed  5'^’8  fur  the  ftvean  devktion 
of  the  pluinb'linr  by  the  attraction.  From  these  materials 
it  was,  that  the  laborious  calculations  of  Dr.  Hutton 
showed,  for  the  lirst  time,  that  the  mean  density  of  the 
whole  earth  was  about  5 times  the  density  of  water,  a de- 
terminntton  most  likely  very  near  the  truth. 

Dr,  M.  was  particularly  attentive  to  the  care  of  his  in- 
struments, and  made  many  improvements  in  them,  and 
the  modes  of  employing  them*  He  greatly  improved  the 
suspension  of  the  plumb-line  of  the  si  nith  sectors.  He 
contrived  a xnicromeier  compostd  of  a prism,  which 
moves  according  to  the  axis  of  the  tcU-sCope.  He  made 
the  eye-piece  moveable,  in  order  to  aVoid  all  parallax  in 
bringing  the  eye  opposite  to  each  of  the  five  wires,  which 
the  star  passes  in  succession.  He  discovered  also  the  in- 
convenience of  narrow  openings,  used  in  all  observatories: 
he  enlarged  the  size  of  those  at  Greenwich,  attcr  having 
shown  the  necessity  of  placing  the  teloscu{>es  as  much  as 
possible  in  the  open  air:  besides  many  more  optical  and 
mechanicHl  improvements. 

Dr.  M.  bad  good  church  preferment  from  his  college ; 
and  hit  paternal  estates,  of  which  be  was  the  last  male 
heir,  were  also  considi*rable.  Having  experieiKed  a gra- 
dual decline  of  his  healiti  for  some  months,  he  at  length 
expired  on  the  9th  of  Februay  1811,  in  the  79th  year  of  bis 
agp;  leaving  a widow  and  daughter,  us  nlsu  his  sister,  the 
relict  of  Robert,  late  l>or<J  Clive. 

The  principal  works  which  Dr.  M.  left,  besides  his 
4 voU.  in  folio  of  obs<‘rvntion$,  the  memoirs  before  no- 
ticed, and  the  first  48  volumes  of  the  Nautical  .Almanac, 
calculated  under  his  direction,  and  revised  by  him,  are, 
his  British  Mariner’s  Guide;  the  Tables  requisite  for  the 
Usageof  the  Nautical  Almanac;  Dissertations  on  Nauti- 
cal Astronomy  and  the  Use  of  the  Octant;  with  at  h^st 
30  lenmod  memoirs  presented  to  the  Royal  Society,  and 
printed  in  the  Philos.  'I’ransactions.  between  the  years 
I7fi2  and  I79'^»  &nd  finally,  his  posthumous  works,  itf 
the  contents  of  which  wc  arc  as  yet  ignorant,  but  which 
ustrfuioraera  will  be  very  anxious  to  receive  from  the 
hands  of  Professor  Vince,  to^whosi*  care  it  seems  they 
have  been  left.  Indeed  it  would  be  well  bitrumihg  the 
n'speci  of  his  rrl»ct>  to  cause  a collected  and  uniform  edi- 
tion of  all  bis  \torks.to  be  made,  for  the  honour  of  bis 
iiteniory  and  the  cretter  convenience  of  the  scientific 
public.  * 
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'rbus  we  have  described  thu  philosopher ; but  the  man, 
the  fntl^rf  the  friend,  was  not  k*ss  valuable.  Fvery  as- 
tronomer, every  philosopher,  found  in  him  a brother.  Of 
a character  friendly  and  amiable,  he  gained  the  affections 
of  all  those  who  hud  the  good  fortuiK*  to  know  him,  ami 
his  death  was  honoured  with  their  regret. 

M.AbS. — The  quantity  of  mattei  in  any  body.  Tills  is 
rightly  estimated  by  its  weight;  whatever  be  in  figure,  nr* 
whether  its  bulk  or  magnitude  be  large  or  small.  • 

.MATK1U.4L,  relating  to  Matter. 

mathematical,  relating  to  Malhcmniicfc 

M.vth  EM  aticaL  Necr,  IS  one  of  the  two  leading  pbil^ 
sopbical  sects,  which  aru^e  about  (be  beginning  of  the  17  th 
century;  the  other  being  the  metapliysicui  sect.  1he> 
former  directed  its  researches  by  (he  prinetpUs  of  Gas- 
sendi, and  sought  after  truth  by  ubM^rvation  and  exjicri- 
encc.  ’J'he  disciples  of  this  sect  denied  the  possibility  of 
erecting  oil  the  basis  of  metaphysical  and  abstract  truth', 
a regular  and  solid  system  ol  phihisophy,  without  the  aid 
of  assiduous  observation  and  repealed  experiments,  which 
arc  the  most  natunii  and  effectual  means  of  pbilosophicul 
progress  and  improvement.  'I'he  advancement  and  repu-« 
taiiun  of  this  sect,  and  of  inifural  knowledge  in  general, 
were  much  owing  to  the  plun  of  pbilosophizing  prup<is<>d 
hy  Lord  Bacon,  to  the  t'srabjishhieiti  of  the  Royal  St>cieiy 
in  London,  to  the  genius  and  industry  of  Mr.  Boyle,  and 
to  the  UDi>aralle!ed  re^-earches  and  discoveries  of  Sif  Isaac 
Newton,  Barrow,  Wallis,  Locke,  and  many  other  great 
luminaries  in  learning  also  adorned  this  sect! 

Mathematics,  the  sciena?  of  /juamity;  or  a sci- 
ence that  corvsiders  magnitudes  either  as  compurublc  or 
measurable.  The  word  m iu  original,  maihcfiSf 

signifit*^  Discipline  or  Science  in  general;  and.  it  .si-cms, 
has  been  applied  to  the  doctrine  of  quantity,  either  by 
way  of  eminence,  or  becausi-,  this  being  the  fitst  of  all 
other  scirncis,  the  rest  look  their  cummun  hauie  from  it. 
As  (o  the  origin  of  the  mathematics,  Josephus  dates  it  be- 
fore (he  Hood,  and  makes  the  sons  ul  heth  fibservers  of  (he 
course  and  order  of  the  heavenly  boilies  : he  adds,  that  to 
perpetuate  their  discoveries,  and  secure  them  from  (he  in- 
juries either  of  a deluge  or  n coiiHagrution,  they  had  them 
engraven  on  two  pillars,  the  one  of  stone,  the  other  of  brick ; 
the  former  of  which,  he  says,  was  yet  standing  in  Syria  in 
his  time. 

Indeed  it  is  pretty  generally- agreed  that  the  first  culti- 
vators of  mutliemaiics,  after  the  Hood,  were  the  Assyrians 
and  Chaldeans;  from  whom,  Josephus  adds,  the  science 
was  carried  by  Abraham  to  the  Egyptians;  who  became 
♦.0  celebrated  for  their  knowledge,  that  ArUtotIc  even 
fixes  the  first  rise  o.'  malhcraatics  among  them.  Fr^m 
F.gypt,  584  years  befiire  Christ,  luathemulics  passed  into 
Grcc'cc,  being  carried  thither  by  'I hales;  who  having J 
learned  geometry  of  the  Egyptian  prints,  mught  it  in  his 
own  country.  After  Thales,  came  Pythagoras;  who, 
among  other  inaihematicol  arts,  paid  a particultfr* regard 
to  arithmetic;  drawing  the  greatest  part  of  his  philosophy 
from  numbers.  He  was  the  first,  according  (o  Laertius, 
who  abstracted  geometry  from  matter;  and  to  him  wcow*:, 
the  doctrine  of  incommensurable ^mgnitu^e,  and  the  five 
regular  bodies,  besidc“s  the  first  principles  of  music  ami 
astronomy.  'l*o  IVlhiigoras  succeeded  .Aswxagoras,  Oe^ 
nopides,  Bri^,  Antipho,  and  Hippocrates  of  Scio;  all  of 
whom  particuiarly*ap[)li(‘d  ihein^l'ea  to  the  quadrature 
of  the  circle,  the  duplication  of  the  cube,  Ac;  but  the 
efforts  of  the  latter  weru  thu  most  successful:  he  is  al^ 
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tiicnUunctl  Uy  Pro^us, (lic  "In*  contpilctl  I'lrimnta 
ui  mathcgiaticb.  * , ’ * 

UcnKicritus  cxcdlril  in  inniiicmatirt  as  wrll  asf»iiy&ics; 
though  none  of  his  work#  in  vilu«r  kiml  ore  cxiunl;  the 
destruction  of  abich  is  by  aoim*  authors  abcnbid  to 
Arisiutlu.  Tl>c  next  in  order  is  Philo,  who  not  only  im- 
proved  gt'oni^ry,  hut  introduced  it  iiilu  physics,  uiul  so 
Jai<l  the  foundation  of  st  solid  *|>hilosophy.  From  his 
school  arose  a number  of  mathcmaticiAns,  Proclus  men- 
tions 13  of  note;  among  whuoi  was  lo-odamus,  who  im- 
proved the  analysis  Itrsl  invenlid  by  Phitu ; 7'hea;tetus, 
wrote  Klemcnts;  and  Archytus,  who  has  the  credit  of 

* ’ bnngthc  first  thnl  applied  muliu'inatics  to  the  tikeful  pur- 

poses of  life.  Thewr  were  succeeded  by  Neocles  and 
Thcon,  the  lust  of  wliom  contributed  to  the  elements. 
Eudoxus  excelkd  In  arithmetic  and  geometry,  and  was 
the  first  founder  of  u system  of  astroaopiy.  Monechmus 

* ' invented  the  conic  sections, andl'hcudius  ami  liermotimus 

improved  the  flemcnls. 

For  Aiistotle,  his  works  are  so  stored  wiih  mathema- 
tics, that  llluncarHis  compiled  out  of  (iicni  an  entire  book 
on  mathtinatics.  Eudenius  ami  'nieopUrustus  were  of 
'this  schiHit : the  first  of  whom  wrote  upon  numbers,  geo- 
metry^  ami  invisible  linui;'und  the  latter  composed  a ma- 
thematical hi'iory.  To.Aristeus,  Isidorus,  and  Hyp- 
sicli-s,  we  owe  the  books  of  Solids;  which,  with  the  other 
books  of  Elements,  were  improved,  collected,  and  me- 
tbodisi'd  by  Euclid,  who  died  years  before  the  birth 
of  Christ- 

* A hundred  years  after  Euclid,  EraU»sthenes  and  Ar- 
chimedes bc-caine  delebratcti  for  their  extensive  know- 
Icdgc,  particularly  tbi'  latter,  who  was  contemporary  with 
Conan,  n geometrician  and  astfonomcr.  Simn  after  which 
flourished  Apollonius  Pergaius,  whose  excellent  tn*atise  on 
cottics  is  still  cManl.  To  him  ate  also  a$cril>cd  the  I4lb 
and  15fh  booksof  Euclid,  and  which,  it  is  said,  were  con- 
tVaclCil  by  lly]vsich^.  Hipparchus  ami  Mcnclatis  wrote 
on  the  subtenses  of  the  arcs  in  a circle  ; and  the  latter  also 
on  spherical  triangles.  Theodosius's  3 books  of  Spherics 
-arc  still  extant.  All  these  authors,  Memdaus  excepted, 
lived  before  Christ. 

* Pl'dcmy  of  Alexandria,  a celebrated  geometrician,  and 
the  prince  of  astronomers,  was  b<irn  about  7<>  years  after 
Christ.  To  him  succeeded  the  philo&opluT  Plutarch, 
some  of  whose  inatbematical  probb'ms  are  still  extant. 
After  him,  in  the  order  of  lime,  was  Kulocius,  who  com-* 
mented  on  .-VrehimedeH,  and  occasionally  meniiuns  the  in- 
ventions of  Philo,  Diodes,  Ntcoinedcs,  Sporus,  and  Heron, 
on  the  duplicutimi  of  the  cube.  I'oClesebrs  of  Alexandria 
we  arc  indebted  for  jiumps ; and  Geminus,  who  lived  soon 
aft^,  is  preferred  by  Proclus  to  Euclid  himself. 

. Diuphantus  of  Alexandria  was  a grunt  master  of  num- 
bers, and  the  first  Greek  writer  on  algebra  that  we  know 
• of.  Among  others  of  the  ancients,  Nicomuchus  is  cele^ 
bratcil  fctr  hU  arithmcTicui,  goomctficul,'  and  musical 
^ works:  Seretius,  for  his  books  on  the  sectiim  of  the  cylin- 
der : Proclus,  for  his  cummentarirs  on  Euclid ; and 
I'licoii,  w ho  has  been  said  to  be  the  author  of  the  brvAs  of 
Element-s  ascribed  to  F.t^lid.  'I'lie  Inst  to  be  iiamet!  .^mong 
the  ancieriu,  i<#  Pappus  of  Alexandria,  who  fljurt»!i(Hl 
about  tlie  y ear  of  Christ  400,  and  is  justly  celebrated  fur 
Ifis  books  of  M^hemaiical  Collections,  still  extant. 

Mathematics  are  commonly  disiinguisbcd  iflto  specula- 
tive and  practical,  futv  ^>d  mixed. 
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iS/ic.  n/oT/W  MaTiiESi ATics,  is  that  which  barely  cun- 
teiuplales  the  properties  of  things:  and 

hucficai  M ATii  EMATICH,  that  whicK  applies  thb  know- 
ledge of  those  pru^rties  to  some  useful  purposes. 

Pure  Mathf-Uatics  is  ijiat  bianch  which  considers 
quantity  abstractedly,  and  without  any  relation  to  maltei 
or  bodies.  ^ 

.^ftxed  Matisem  ATICS  considers  quantity  as  subsisting 
in  material  Ixdngs;  for  instance,  length  in  a pole,  depth  in 
a river,  height  in  a tower,  <Scc.  • 

I*ure  Mathematics,  again,  either  considers  quantity  ax 
discrete,  and  so  computable,  as  arithmetic ; or  as  concrete, 
and  so  measurable,  as  geometry* 

Mixed  Mathematics  are  very  extensive,  anfl  arc  dfstin- 
gttsshed  by  various  namd,  according  to  the  diflert  nt  sub 
jeets  it  consideiH,  and  the  diffcrcin  view*  in  which  it  i*. 
taken  ; such  us  astronomy,  ger^mphy,  optics,  hydrostatics, 
navigation,  Ac,  Ac. 

Pure  mathemniics  has  one  peculiar  advantage,  that  it 
occasions  no  conl4-s(s  among  wrangling  disputants,  as  is 
ibb  case  in  (»tl|^r  brunches  of  knowledge : and  the  reason 
is,  because  the  definitions  of  the  terms  are  premisiul,  and 
every  person  that  reads  a proposition  has  the  same  idea  of 
every  part  of  it.  Hence  it  is  easy  to  put  an  end  to  all  ma- 
thematical controversies,  by  showing,  either  that  our  ad- 
versary is  not  constant  with  bis  definitions,  or  has  not  csla- 
biishi-d  the  true  pr<.‘n>>vi*H,  or  that  he  has  drawn  false  con- 
clusions from  true  principles ; and  in  case  we  are  not  able 
to  do  cither  of  these,  wo  must  acknowledge  the  truth  of 
wliBl  hr  has  proved.  It  is  true,  that  in  mixed  malbcraaiics, 
where  wc  reason  mathematically  upon  physical  subjects, 
such  just  definitions  cannot  be  given  as  in  geometry  : wc 
mail  ihereforo  be  conlciit  with  descriptions;  which  will  be 
of  the  same  u&c  as  definitions,  provided  wc  be  consistent 
with  ourselves,  and  always  rni-aii  the  same  thing  by  ihosu 
terms  wc  have  once  explained. 

Dr.  Barrow  gives  u very  elegant  description  of  the  ex- 
cellence and  usefulness  of  matbeinatical  knowledge,  in  his 
inaugural  oration, on  being  appointed  professor  of  niaihe- 
matics  at  Cambridge.  The  mathematics,  he  observes, 
eifectually  exercise,  not  vainly  delude,  nor  vexatiously 
torment  studious  minds  w ith  objure  subtleties,  but  plainly 
demonstrate  every  thing  within  their  reach,  draw  certain 
conclusions,  instruct  by  profitable  rules,  and  unfold  plea- 
sant questions.  These  disciplim-s  likewise  enure  and  cor- 
roborate the  mimi  to  a constant  diligence  in  study ; they 
wholly  deliver  us  from  a cixhIuIous  simplicity,  most 
strongly  fortify  u»  against  the  vanity  of  scepticism,  eflec- 
tqaily  restrain  us  from  a rash  presumption,  most  easily  in-, 
dine  us  to  a due  assent,  and  perfectly  subject  us  to  the 
government  of  right  reason.  While  the  mind  is  abs- 
tracted and  cievuied  from  sensible  matter,  distinctly  views 
pure  forms.  Conceives  the  henuly  of  ideas,  and  invesli- 
g.iU*s  the  harmony  of  pixiportions ; the  manners  themselves 
ari^  sensibly  corrected  and  improved,  the  eflcclions  com- 
posed and  rectified,  the  fancy  calmed  and  Mettled,  and  the  , 
understanding  raised  and  c.xciled  to  more  divine  conum- 
plaliuns. 

*For  the  history  of  mathematics,  consult  Wallis,  Montu- 
cla,  Karsiner,  Uossut,  Dailey,  Ac,  and  the  names  of  its  se- 
veral branches  in  this  Dictionary. 

MA'ITER,  an  extended  substance.  Other  properties 
of  matter  are,  that  it  resists,  is  solid,  divisible,  moveable, 
passive,  Ac  : and  it  forms  the  principles  of  which  all  bci- 
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diet  an;  composed.  Matter  and  form,  the  two  simple  and 
original  principles  of  all  things,  according  to  (be  an- 
cients, composing  some  simple  lukturcs,  which  they  called 
Elements ; from  the  various  combinations  of  which  all  na* 
tural  things  were  afterwards  composed. 

Dr.  Woodward  was  of  opinion,  that  matter  is  originally 
and  really  various,  being  at  its  hrst  creation  divid^  into 
•cTcral  ranks,  sets,  or  kinds  of  corpuscles,  differing  in  sub- 
ctaiice,  gravity,  hardness,  flexibility,  figure,  sisc,  &c;  and 
from  the  various  compositions  and  combinations  of  wbic*h, 
be  thinks,  arise  all  the  varieties  in  bodies  as  to  colour,  hard- 
ness, gravity,  tastes,  &c.  But  it  is  Sir  Isaac  Newton’s  opi- 
nion, that  ^1  chose  differences  result  from  the  various  ar- 
rangements of  the  same  matter ; which  he  accounts  homo- 
geneous and  uniform  in  all  bodies. 

Tbc  quantity  of  matter  in  any  body,  is  its  measure 
arising  from  the  joint  consideration  of  the  magnitude  and 
density  of  (he  body : as,  if  one  body  be  twice  as  dense  as 
another,  and  also  occupy  twice  the  space,  then  will  it 
contain  4 times  the  matter  of  the  other.  This  quantity  of 
matter  is  best  discovered  bjrtbc  weight  or  gravity  of  the 
bady,  to  which  it  is  always  proportional. 

Ncw(on  observes,  that  it  seems  probable,  God,  in  the 
beginning,  formed  matter  in  solid,  massy,  hard,  im- 
penetrable, moveable  particles,  of  such  sises,  figures,  and 
with  such  other  pn^perties,  and  in  such  proportion  to 
space,  as  must  conduced  to  the  end  for  which  he  formed 
them  ; atMl  that  these  primitive  particles,  being  solid,  are 
incomparably  harder  than  any  porous  bodies  compounded 
of  them;  even  so  very  hard,  as  never  to  wear, and  break  in 
icces : no  ordinary  power  being  able  to  divide  what  God 
imself  made  one  in  the  first  creation.  While  (he  par- 
ticles continue  entire,  they  may  compose  bodies  of  one 
and  the  same  nature  and  texture  in  all  ages;  but  should 
they  wear  away,  or  break  in  pieces,  the  nature  of  things 
depending  on  them  would  be  changed.  Water  and 
earth,  composed  of  old  worn  particles,  would  not  be 
of  the  same  nature  and  texture  now  with  water  and 
earth  composed  of  entire  particles  in  the  beginning.  And 
therefore,  that  nature  may  be  lasting  the  changes  of  cor- 
poreal things  art  to  be  placed  only  in  the  various  separa- 
tions and  new  associations  and  motions  of  these  perma- 
nent particles;  compound  bodies  being  apt  to  break,  not 
in  the  muUt  of  solid  particles,  but  where  those  particles 
are  laid  together,  and  touch  in  a few  points.  It  seems 
farther,”  he  continues,  **  that  these  particU*s  have  not  only 
a vis  inertiae,  accompanied  with  such  passive  laws  of  mo- 
tion as  naturally  result  from  that  force,  but  alio  that  they 
are  moved  by  certain  active  principles,  such  as  is  that  of 
gravity,  and  that  which  causeth  fermenlatinn,  and  the  co- 
hesion of  bodies.  These  principles  are  to  be  considered 
not  as  occult  qualities,  supposed  to  result  from  the  s|>ecific 
forms  of  things,  but  as  general  laws  of  nature,  by  which  tlic 
things  themselves  are  formed ; their  truth  appearing  to  us  by 
phenomrna,  though  their  causes  arc  not  )ct  discovered. ” 

Hobbi-s,  Spinosa,  &c,  maintain  that  all  (he  beings  in  the 
universe  are  material,  and  that  their  differences  arise  from 
the^r  aifferent  modifications,  motions,  Nc.  Thus  they 
cooccivn  that  matter  extremely  subtile,  and  in  a brisk  mo- 
tion, may  think,  &c.  Dr.  Berkeley,  on  the  cootniry,  argues 
again<i  the  existence  cf  matter  iurlf;  and  endeavours  to 
prove  that  it  it  a mere  tni  rgtionis,  and  has  no  existence 
(if  the  mind. 

Sr^me  Igtc  philosophers  have  advanced  a new  hypothesis 
<or.certting  the  nature  and  essential 'pvopertil*  of  matter. 
Voi.  H, 
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The  first  of  these  who  suggested,  or  at  least  published  an 
account  of  this  hypothesis,  was  M.  Boscuvich,  in  his 
Theoria  Philusophiv  Naturalis.  He  supposes  ^ai  inaucr 
is  not  impenetrable,  but  that  it  consists  of  physical  points 
only,  endued  with  powers  of  attraction  and  repulsion, 
taking  place  at  different  distances,  that  is,  surrounded 
with  various  spheres  of  attraction  and  repulsion;  in  the 
same  manner  as  solid  matter  W generally  luppoaed  to  be. 
Provided  therefore  that  any  body  move  with  a sufficient 
degree  of  velocity,  or  have  sufiScient  momentum  to  over- 
come any  power  of  repulskiu  that  it  may  meet  with,  it 
will  find  DO  difficulty  in  making  its  way  through  any  b^y 
whatever.  If  the  v^ocity  of  such  a body  in  motion  be 
sufficiently  great,  BuscoviCh  contends,  that  the  particles  of 
any  body  through  which  it  passes,  will  Qot  even  be  moved 
out  of  their  place  by  it.  With  a degree  of  velocity  some- 
thing less  than  this,  they  will  be  considerably  agitated,  and 
ignition  might  perhaps  be  the  consequeneq,  though  the 
progress  of  the  body  in  tnotion  would  not  be  sensibly  in- 
terrupted ; and  with  a still  leas  momentum  it  roi^t  not 
pass  at  all.  • 

Mr.  Michcll,  Dr.  Priestley,  and  some  others  ofotfrown 
country,  are  of  the  same  opinion.  See  Priestley’s  History 
of  Discoveries  relating  to  Light,  pa.  spo.^ln  conformity 
to  the  above  hypothesis,  our  author  maintains,  that  matter 
is  not  that  inert  substance  that  it  has  been  supposed  to  be ; 
that  powers  of  attraction  or  repulsion  arc  necessary  to  its 
very  being,  and  that  no  part  of  it  appears  to  he  impene- 
trable to  other  parts.  Accordingly,  be  defines  matter  to 
be  a substance,  poaiesacd  of  tbe  property  of  extension,  tad 
of  powers  of  attraction  or  repulsion,  which  are  not  distinct 
from  matter,  and  foreign  to  it,  as  it  has  been  generally 
imagined,  but  abaolutcly  essential  to  its  v6ry  nature  and 
being ; so  that  when  bodies  are  divested  of  these  powers, 
they  become  nothing  at  all.  In  another  place.  Dr.  Priest- 
ley has  given  a somewhat  different  account  of  matter] 
according  to  which  it  is  only  a number  of  centres  of  at- 
traction and  repulsion;  or  more  properly  of  centres,  not 
diviuble,  to  which  divina  agency  is  directed ; and  as 
sensation  and  thought  are  not  incompatible  with  tbeae 
powers,  solidity,  or  irapenctiubilily,  and  consequently  a 
vis  incrtis^only  having  been  thought  repugnant  to  them, 
be  maintains,  that  we  have  no  reason  to  suppose  that  there 
are  in  man  two  substances  absolutely  distinct  from  each 
other.  See  Disquisitions  on  Matter  and  Spirit. 

But  Dr.  Price,  in  a correspondence  with  Dr.  Priestley, 
ptsblishcd  under  tbc  title  of  A Free  Discussion  of  the 
Doclrinct  of  Materialism  and  Philosophical  Necessity, 
1774*  bassuggested  a variety  of  strong  objections  against 
this  hy{>othesii  of  the  penetrability  of  matter,  and  against 
the  conclusions  that  are  drawn  from  it.  The  vis  inertia  of 
matter,  he  say«,  is  the  foundation  of  all  that  is  demomtinted 
by  natural  pbilosopbcrs  concerning  the  laws  of  the  cuili- 
siuti  of  bodies.  This,  in  particular,  is  the  foundation  of 
Newton’s  pbiloKiphy,  and  especially  of  his  three  laws  of 
motion.  Solid  matter  has  tbc  power  of  acting  on  other 
matter  by  impulse ; but  unsolid  matter  cannot  act  ai  all  by 
impulse;  and  this  is  the  only  way  in  which  it  is  capable  of 
acting,  by  any  action  that  is  properly  its  own.  If  it  be 
said,  that  one  particle  of  matter  can  act  upon  another 
without  contact  and  impulse,  or  that  matter  can,  by  its 
own  proper  agency,  attract  or  rrpcl  other  matter  which  is 
at  a distance  from  it,  then  a maxim  hitherto  universally 
received  mutfl  be  false,  that  nothing  can  act  where  it  is 
not.”  Newton,  in  his  letters  to  Bt  ntley,  calls  the  notion. 
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that  matter  poisnses  an  innate  power  of  attraction,  or  that 
it  can  act  upon  inaturr  at  a distance,  and  attract  axui  repel 
by  its  ow^  agency,  an  absurdity  into  which  he  thought  no 
one  could  possibly  fall.  And  iu  another  placehcexpicsMy 
disclaims  the  notion  of  innate  ^vity,  and  has  taken  pains 
to  show  that  he  did  not  take  it  to  be  an  essential  property, 
of  bodirs:  and  by  pursuing  the  satno  kind  of  reasoning,  it 
must  appe-ar,  that  matter  has  not  the  power  of  attracting 
and  rrpeliing;  that  this  power  i»‘the  power  of  some  foreign 
cause,  acting  upon  matter  according  to  staled  laws  ; and 
consequently  that  attraction  and  repulsion,  nnt  being  ac- 
tions. much  lets  inherent  qualities  of  matter,  as  such,  it 
ought  not  to  be  defined  by  them.  And  if  matter  has  no 
ptber  property,  as  Dr.  Pnestley  asserts,  than  the  power  of 
attracting  and  repelling,  it  must  be  a non-rntity  ; because 
ibis  is  a pro[>erty  that  cannot  belong  to  it.  Besides,  all 
power  is  the  power  of  something ; and  yet  if  matter  is  no- 
tbiitg  but  this  power,  it  must  be  the  power  of  nothing  ; and 
the  very  idea  of  it  is  a contrnBictiun.  If  mailer  be  not 
solid  cxtca<«ion,  what  can  it  be  more  than  mere  ex  tension  ? 

Further,  matter  that  is  not  solid,  is  Uie  same  with  pore; 
Mid  iheretoreii  cannot  possess  what  pliilosophers  mean  by 
the  momentum  or  force  of  bodies,  wbich  is  always  in  pro- 
portion to  the  quantity  of  maiU-r  in  bodies,  void  of  pore. 

M.AUNDV'  TiiURtinAV,  is  ibe- rhur*day  in  Passion 
week  ; which  was  called  Maunday  or  Mandate  Thursday, 
from  the  command  w hich  Christ  gave  bisaposll«  tocom- 
roeniorale  him  in  the  Ixird’s  Supper,  which  be  instituted 
on  this  day;  or  tr<»m  the  new  coramandmcnl  which  he 
gave  them  to  love  one  another,  after  he  bad  washed  their 
feet  a*-  a tnkm  i f his  love  to  them. 

MAtPk.KTUIb(PiT»R  LonaMoncRAU  db).  a cele- 
brated French  mathematician  and  philosopher,  was  born  at 
Sc.  Malo  in  IA98*  and  was  there  privately  educated  till  be 
attained  his>l6th  yt*ar,  when  he  was  placed  under  the  ce- 
lebrated professor  of  pbilowipby,  M.  If  Blond,  in  the  col- 
legia of  la  Marche,  at  Paris;  he  had  also  M.Guisneo, of 
the  Academy  of  Sciences,  for  hit  instructor  in  mathematics. 
For  this  science  ne  soon  discovered  a strong  inclination, 
and  particularly  for  geometry.  He  also  practised  inscru- 
mental  music  in  his  early  years  with  great  success;  but 
fixed  on  no  prufi-siiontill  he  was  20,  when  hes  nterrd  into 
tbc  army;  in  which  he  remain*^  about  & years,  during 
which  time  he  pursued  bis  maihumalical  studies  with  great 
vigour;  and  it  was  soon  remarked  by  .M.  Frercl  and  other 
< academicians,  that  nothing  but  maihi-matics  could  satisfy 
his  active  soul  and  unbounded  thirst  for  knowledge. 

In  the  year  17^3,  he  was  received  into  the  Royal  Aca- 
demy of  Sciences,  and  read  his  first  perft>rmanee,  which 
was  a memoir'  on  the  construction  and  iorm  of  musical 
instruments.  During  the  first  years  of  his  admission,  he 
did  not  wholly  confine  his  attention  to  mathcinatics ; he 
dipped  intonatural  philosophy,  and  discovered  great  know- 
led^  and  dexterity  in  observations  aod  experiments  on 
‘animals. 

If  the  custom  of  travelling  into  remote  countries,  like 
the  sAges  of  antiquity,  in  order  to  be  initiateil  into  the 
learned  mysteries  of  those  times,  had  still  subsisted^  no  one 
would  have  confojroed  to  it  w-ith  more  t^agerncss  limn 
Maupertuis.  His  first  gratification  of  this  pmlon  was  to 
visit  the  country  which  bad  ^tven  birth  to  Newton  ; and 
during  bis  residence  in  t,i»ndonhi-  bt-cainr  as  ziahms  an  ad- 
mi  rer  and  follower  of  that  philosopher  as  any  one  of  his  own 
Countrymen.  His  next  exclinion  was  to  Basil  in  bwltacr- 
land,  where  be  formed  a frKuds&ip  with  the  celebrated  John 
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Bernoulli  and  bis  family,  wbich  continued  till  bis  death. 
At  bis*reiuro  to  Paris,  he  applied  himself  to  his  favourite 
studies  with  greater  cral  than  ever.  And  bow  well  he  ful- 
filled the  duties  of  an  academician,  may  be  seen  by  running 
over  the  Memoirs  uf  the  academy  from  the  year  1/24  to 
1744;  wrberc  it  appeart  that  he  was  neither  idle,  nor  oc- 
cupied on  objects  of  small  iinportauce.  The  rriost  sub- 
lime questions  in  the  mathematical  science's,  recdvtd  from 
his  hand  that  elegance,  clearness,  and  precision,  so  re- 
markable in  all  his  w ritings. 

In  the  year  1736,  he  was  sent  to  the  polar  circle,  to 
measure  a degree  of  the  meridian^  in  order  to  asceriam 
the  figure  of  the  earth ; in  which  expedition  be  w>as  ac- 
curopaiikd  by  Mesv  Claimut,  Camus,  .Monnier,  Oulhier, 
and  CeUus,  the  celebrated  professor  of  astronomy  at  Up- 
sal.  This  business  rendered  him  so  eminent,  tbat  on  bi> 
return  be  was  admitted  a member  ofa)m«st  every  academy 
in  Europe  ; thougli  it  has  been  since  found  that  llicir  de- 
ductions have  been  cuiisiderabiy  erroneous. 

In  the  year  1740,  Maupertuis  had  an  invitation  from 
Iheking  ofPrussiato  go  to  Berlin;  which  was  loo  tiattei- 
itig  to  Ik'  refused,  llis  rank  amoitg  n.en  uf  letters  had  not 
wholly  effaced  his  love  for  his  first  pioftSHion,  that  of  arms. 
He  followed  the  king  to  the  field,  but  ut  the  battle  of  Mol- 
wits  was  deprived  ol  the  plea^u^e  of  biiiig  present,  when 
victory  declared  in  favour  of  bis  royal  putrun,  by  a singular 
kind  of  adventure.  His  horse,  during  the  heat  of  the  ac- 
tion, running  away  with  him,  be  tell  into  the  bands  of  the 
enemy  ; and  was  at  first  but  roughly  trvali  d by  the  Aus- 
trian bussars,  to  whom  be  could  nut  make  him»elf  known 
for  wraut  of  language;  but  being  carried  prisomr  to  Vi- 
enna, be  receiv^  such  honours  from  the  t ntpi  ror  Ua  never 
wore  effaced  from  bis  memory.  Maup<Ttuis  lamented  very 
much  the  loss  of  a watch  of  .Mr.  Grahams,  the  ci-hbr%ted 
English  artist,  which  they  had  taken  from  him  ; but  the 
emperor,  who  happened  to  have  another  by  the  sameartist, 
enriched  with  diamonds,  jireseiited  it  to  him,  say  ing,  *'  the 
hussars  miant  only  to  jest  wilh  you,  they  have  sent  me 
your  watch,  and  I return  it  to  you."  / 

He  went  soon  after'  to  Berlin  ; but  as  the  reform  of  the 
academy  which  the  king  of  Prussia  then  tne<iitBietl  was  not 
yet  matured,  he  repaired  to  Paris,  where  his  afiairs  calle^ 
him,  and  he  was  there  chosen,  in  1742,  din  ctor  of  tbc 
Academy  of  Sciences.  In  1743  he  wa>  lYceived  into  the 
Franch  Academy  ; which  was  the  first  in>tariceuf  the  same 
person  being  a member  of  both  the  academies  at  Paris  at 
ina  aaniettnie.  Maupertuis  again  assumed  the  soldier  at 
the  siege  of  Fribourg,  and  was  pitched  upon  by  Marshal 
Coigny  and  the  count  d’Argenson  to  carry  the  newt  la  the 
French  king  of  the  surrender  of  that  citadel. 

Maupertuis  n'turned  to  Berlin  lu  the  year  1744,  when 
a marriage  was  negotiated  and  brought  about,  by  the  good 
offices  of  the  quccn-roothcr,  between  our  author  and 
Madcm^uellc  de  Borck,  a lady  of  great  bi'auly  and  merit, 
and  nearly  related  to  M.  dc  Borck,  at  that  lime  luiidstcr 
of  stale.  This  determined  him  to  settle  at  Bi  rlin,  at  he 
was  extremely  attached  to  hit  new  spouse,  and.  re;:ar^cd 
this  alliance  as  the  mo»i  fortunate  rircumstanceuf  his  life. 

In  the  year  1746',  Maupertuis  w as  declared,  hy  the  king 
of  Prussia,  president  ol  the  HoyHl^Acadeiny  ot  .*^l'lcnct•t  at 
Berlin,  and  soon  after  by  the  same  prince  was  honoured 
with  the  Order  ofMerit.  However,  all  these  accumulated 
honours  and  advantages,  so  farfrom  lessening  his  a.rdnur 
for  the  sciences,  seemed  l » furnish  new  allurerqciits  to  la- 
bour aud  oppiitatioh.'  Nut  a day  passed  but  he  pruducid 
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&ome  new  project  or  for  tba  adtancement  of  know* 
iedge.  Nor  did  he  cuuhne  binuj^o  matbematical  acudics 
only  : netaphysio,  cbemutry,  lo^y,  polite  literature, 
an  shared  his  atlontiun,  and  cont^Bcd  to  his  fagac.  At 
the  saioe  time  he  had,  it  seems, ^ntrangc  inquietude  of 
spirit,  and  dark  melancholy  humour,  which  rendered  him 
miserable  amid  honours  and  pleasures.  Such  a tempera' 
iseot,did  not  promise  a pacific  life,  and  be  was  in  fact  cn* 
gaged  in  several  quarrels.  Ooe  of  thi'se  was  with  Koenig, 
the  professor  of  plnlosophy  al  Franckcr,  and  another  more 
terrible  witfl  Voltaire.  .Maupcrtuis  had  inserted  in  the 
volume  of  Memoirs  of  the  Academy  of  Berlin  tor  l7-k6,  a 
discourse  on  the  laws  of  motion  ; which  Koimig  was  not 
content  with  attacking,  but  attributed  to  Leibnitz.  Mau* 
pertuis,  stung  with  the  iinputaiioa  of  plagiarism,  engaged 
the  academy  of  Berlin  to  call  upon  him  fur  his  proof, 
which  Koenig  failing  to  produce,  his  name  was  struck  out 
of  the  academy,  of  which  be  was  a member.  Several 
pamphlets  were  the  consequence  of  this  measure ; and 
Voltaire,  for  some  reason  or  other,  engaged  in  the  quarrel 
against  Maupertuis.  We  say,  for  some  reason  or  other ; 
because  Maupcrtuis  and  Voltaire  were  apparently  on  the 
most  amicable  terms  ; and  the  latter  respected  the  former 
as  bis  master  in  the  mathematics.  V’oltairc  on  this  occa* 
sion,  however,  exerted  all  his  wit  and  satire  against  him  j 
and  no  thc  whole  was  to  much  transpurted  beyond  what 
was  thought  right,  that  be  found  it  expedient  in  1753  to 
quit  the  court  <jf  Prussia.  ^ 

Our  philosopher's  constitution  had  long  been  considera- 
bly impaired  by  the  great  fatigues  of  various  kinds  in  which 
his  active  mind  had  involved  him  ; though  to  the  amazing 
hardships  he  bad  undergone,  in  his  northern  expedition, 

. most  of  his  bodily  sufieringsmay  be  traced.  The  intense 
sharpness  of  the  air  could  only  bo  supported  by  moans  of^ 
strong  liquors,  which  helped  but  to  lacerate  his  luugs,  and 
bring  on  a spitting  of  blood,  which  began  at  least  12  years 
before  bis  death.  Yet  still  his  mind  seemed  to  enjoy  the 
greatest  vigour;  for  the  best  of  his  writings  were  pre^uced, 
and  most  sublime  ideas  developed,  during  the  time  of  his 
confinement  by  sickness,  when  be  was  unable  to  occupy 
his  presidential  chair  at  the  academy.  He  took  several 
jdbroeys  to  Su  Malo, ’during  the  last  years  of  his  life,  for 
lb<f  recovery  of  his  health  : and  though  he  always  received 
benefit  by  breathing  his  native  air,  yet  still,  on  his  return 
to  Bi'rliii,  his  disorder  likewise  returned  with  greater  vio- 
lence. His  lasajouriicy  into  France  was  undertaken  in  the 
year  1757 ; when  he  was  obliged,  soon  after  bis  arrival 
there,  to  quit  hit  favourite  retreat  at  St.  Malo,  on  account 
of  the  danger  and  confudoo  which  that  town  was  thrown 
into  by  the  arrival  of  the  F.nglish  in  its  neighbourhood. 
From  thence  he  went  to  Bourdcaux,  hoping  there  to  meet 
with  a neutral  ship  tocarry  him  to  Hambargh,  in  bis  way 
back  to  IWrIin;  but  being  disappointed  in  that  hope,  lie 
went  to  Toulouse,  where  he  remained  seven  mouths.  He 
had  then  thoughts  of  going  to  Italy,  in  hopes  a milder 
climate  would  restore  him  to  health;  but  finding  himself 
grqw  worse,  he  rather  incluved  towards  Germany,  and  went 
to*  Neufchatel,  where  for  three  raontbs  he  enjoyed  the 
conveiMtiouof  lord  Marischal,  with  whom  be  bad  formerly 
been  much  counocted.  At  length  he  arrived  at  Basil, 
October  1$,  1758,  where  he  was  received  by  his  friend 
Bernoulli  nnd  hU/amily  with  ihe  utmost  tenderness  and 
afic-ction.  He  at  ftrst  found  bimselt*  much  belUT  here 
•than  he  hiui  been  at  8(rafcbatel : but  this  ameudment  was 
of 'short  diii'ntkun,  for  aa  the  winter  approacbe<l,bis  diior- 
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der  returned,  accompanied  by  rtew  and  more  alarming 
symptoms.  He  languished  here, many  months,  .during 
which  he  was  attended  by  M.  de  laCoodaroine;  and  died* 
in  1759,  At  6l  years  of  age. 

The  works  wbich*he  published  were  collected  into  4 
volumes  8vo,  published  at  Lyons  in  1756,  where  alao  a* 
new  and  elegant  edition  was  printed  in  1768.  Thesecoo- 
tain  the  following  works  Lssay  on  Cosmology.— 2. 
Discourscon  the  difierent  Figures  of  the  Stars.— 3.  Lsaay 
on  Moral  Philosophy.— 4.  Philosophical  Rcfiectioos  on 
the  Origin  of  Languages,  and  the  Signification  of  Words. — 
5.  Animal  Physics,  concerning  Gcneratioo  &c.— Sys- 
tem of  Nature,  or  the  Formation  of  Bodies.— 7.  LcUert 
on  various  Subjects. — 8.  On  the  Progress  of  the  Sciences. 
—9-  Elementsof  Geography. — 10.  Account  of  the  Expe- 
'dition  to  the  Polar  Circle,  for  determining  the  Figure 
of  the  Earth  ; or  the  Measure  of  the  Earth  at  the  Polar 
Circle.— 1 1.  Account  of  a Journey'  into  the  Heart  of  Lap- 
land,  to  search  for  an  Ancient  Monument.— 12.  On  the 
Comet  of  1742.— 13.  Various  .-Academical  Discourses  pro- 
nounced in  the  French  and  Prusian  Academies.— 14. 
Dissertation  on  Languages. — 15.  Agreement  of  the  Dif- 
ferent Laws  of  Nature,  which  have  hitherto  appeared  in- 
compatible.— 16.  On  the  Laws  of  Motion.— 17..0n  the 
Laws  of  ifest.— lb.  Nautical  .-Astronomy. — 19.  On  the  • 
Parallax  of  the  Moon. — 20.  Operuiions  for  determining 
lltf  Figure  of  the  Earth,  and  the  Variations  of  Gravity. 
—21* -Measure  of  a Degree  of  the  Meridian  at  the  rolar 
Circle,  t 

Besides  these  works,  Maupertuis  wu  author  of  A great 
otHuber  of  interesting  papers,  particularly  tlsoaa  priatod 
in  the  Memoirs  of  the  Paris  ana  Berlin  Academies,  for  too 
numerous  here  to  mention;  viz,  in  the  Memoirs  of  Bie 
Academy  at  Paris,  from  the  year  1724,  to  1749;  and  in 
those  of  the  Academy  of  Berlin,  from  the  year  1746,  to 
1756. 

MAUROUCO  (Fraxcis),  was  bom  at  Messina  in 
1494,  and  became  ^bot  of  St.  Maria  del  Porto  in  Sicily, 
and  taught  mathematics  with  reputation  4n  his  native 
country,  having  possessed  the  happy  art  of  rendering  tha 
most  abstract  questions  plain,  by  bis  clearness  of  ex- 
pression ; and  he  applied  particularly  to  the  summation 
of  several  series,  such  as  those  of  the  natural  numbers, 
triangular  numbers,  8cc.  He  died  in  1575.— His  works 
^hiefiy  are,  1.  An  edition  of  the  Spherics  of  Theodosius.— 

2.  Emendatio  et  Restitutio  Conicorum  Apollonii  Pergaei.— 

3.  Archimedis  Monumeuta  omnia.— 4.  Euclidis  Pheno- 
mena, 6cc.  And  lie  introduced  the  use  of  the  secants 
into  trigonometry. 

MAXIMUM,  denotes  the  greatest  state  or  quantity  at- 
tainable in  any  given  cose,  or  the  greatest  value  of  a va- 
riable quantity.  By  which  it  stands  oppo^  to  Minimum, 
which  is  the  least  possible  quantity  in  any  case.  As  in 
the  algebraical  expression  a^^Ox,  where  a and  5 are  con- 
stant or  invariable  quantities, and  x a variable  one.  Now 
it  is  evident  that  the  value  of  this  remainder  or  dilTcrcocc, 
will  increase  as  the  termAx,  or  x.  decreases;  and 
therefore  that  remainder  will  be  the  greatest  when  x is  the 
smallest;  that  a —Ax  is  a maximum,  when  x is  the 
least,  or  nothing  at  all.  Again,  the  expression  or  dider- 

rence  «’  — evidently  increases  as  the  fraction  - dimi- 

nish(’«;  and  this  dirninishrs  as  r increases;  therefore  the 
given  expression  will  be  the  greatest,  or  a maxiomm,  when 
X is  the  greatest,  or  infinite.* 
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Also,  if  along  the  diameter  its  (<*<  Sdfig.  beUno)  of  a 
circle,  a perpendicular  ardinalc  lm  be  conceived  lo  more, 
^ron>  K towards  e ; It  is  cndervl  that,  from  K it  ^flcrcases 
continually  till  it  arrive  at  ibe  centre^  in  the  position  no, 
where  it  is  at  the  greatest  slate  ; and  from  th^cc  it  con« 
tipually  dccrenses  agaio,  as  it  moves  along  from  n to  a, 
and  quite  vanishes  at  the  point  z.  So  that  the  maniniutn 
state  of  the  ordinate  is*xo,  eqilal  to  the  radius  of  the 
circle. 

Mttkodus  de  Maximis  ct  Minims,  a method  of  6nd- 
ing  the  gaeaiest  or  least  state  or  value  of  a variable  quantity. 


Some  quantities  continually  increase,  and  therefore 
have  no  maximum  but  what  is  iuhnite;  as  the  ordinates 
Bc,  vt  of  the  parabola  ace:  Some  continually  deertase, 
and  have  therefore  their  least  or  minimum  state  in  no- 
thing; as  the  ordinates  rn,  iii,  to  the  asymptotes  of  the 
' hyperbola.  Others  increase  to  a certain  magnitude,  which 

is  their  maximum,  and  then  decrease  again;  as  the  ordi- 
nates LM  dec  of  the  circle.  And  others  again  decrease  to 
a certain  magnitude  tv,  which  is  their  minimum,  and 
then  increase  again ; as  the  ordinates  of  the  curve  sty. 
While  others  admit  S)f  several  maxima  hnd ‘minima;  as 
the  ordinates  of  lhe  curve  abed*,  where  at  b and  d they  are 
« naxi«na,  and  at  e,c,  e,  minima.  And  thus  the  maxima  and 
minimaofall  other  var^blc  quantities  may  bo  conceived; 
expressing  those  quantities  by  the  ordinates  of  some  curves. 

The  first  ideas  of  maxima  and  minima  are  found  in  the* 
Elements  of  Euclid,  or  flow  immediately  from  (hem  : thus, 
it  appears,  by  the  5lh  prop,  of  book  2,  that  the  greatest 
rectangle  that  can.  be  made  of  the  two  parts  of  a given 
\ Une,  any  how  divided,  is  when  the  line  is  divided  equally 

in  the  middle;  prop.  7,  book  3,  shows  that  the  gn*a(est 
line  that  can  be  drawn  from  a given  point  within  a circle, 
to  its  circumfesence,  is  that  which  passes  throogh  the 
centre ; and  that  the  least  line  that  can  be  so  drawn,  is 
the  continuation  of  the  same  to  the  othersideof  the  circle: 
prop.  8,  ib.  shows  the  same  for  lines  drawn  from  a point 
without  the  circle  > and  thus  many  instances  of  a similar 
nature  might  be  pointed  out  in  the  Eleinenta.-^Othcr 
writers  on  the  maxima  and  minima,  arc,  Apollonius,  in 
the  whole  5lh  book  of  his  Conte  Sections;  and  in  the 
rcfacc  or  dedication  of  that  book,  bo  says  that  others 
ad  then  also  treated  the  subject,  though  in  a slighter 
manner.— 'Archimedes;  as  in  prop. 9 ofhis  treaiist'  on  the 
Sphere  and  Cylinder,  where  he  demonstrates  that,  of  alt 
spherical  segments  under  equal  superficies,  the hemisphera 
is  the  grvattst.— Sercuui,  in  bis  2d  book,  or  that  on  thu 
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Conic  Sections.— Pappus,  in  many  parts  of  his  Mathe*^ 
roatical  Collections;  as  in  lib.  3,  prop.  28  &c,  lib.  6,  prop. 

31  dec,  where  he  Iruia  of  some  curious  cases  of  variable 
geometrical  quantiti^Pshowing  how  some  increase  and* 
decrease  both  ways  t^nflnity;  while  others  proceed  only 
one  way,  by  increase  or  decrease,  to  infinity,  and  the 
other  way  to  a certain  magnitude;  and  others  again  both 
ways  to  u certain  magnitude,  giving  a maximum  and  mi- 
nimum; also  lib.  7*  prop.  13,  14,  l65,  l65,  dec.  And 
all  these  are  the  geometrical  maxima  and  mjnima  of  the 
ancienCH ; to  which  may  be  added  some  others  of  the  same 
kind,  viz  Viviani  De  Maximis  et  Minimis  Geoiuetrica 
Divinatio  in  quintum  Conicorum  Apollonii  Pergsi,  in 
fol.  at  Fior.  l659»  also  an  ingenious  little  tract  in  Simp- 
son’s Geometry,  on  the  maxiuia  and  minima  of  Geonio-  . 
trical  Quantities.  Sec  also  vol.  3 of  my  Course  of  Maihc- 
111  all  cs. 

But  the  subject  of  maxima  and  minima  is  treated  in  a 
more  genera)  way  by  the  moderp  analysis;  the  first  among 
which  perhaps  may  be  placed  that  of  Fermat.  This,  and 
other  inrihods,  are  best  referred  to,  and  explained  by 
tbu  ordiqates  of  curves  : for  when  the  ordinate  of  a curve 
inerrasi's  to  a certain  magnitude,  where  it  is  greatest,  and 
afterwards  decrease’s  again,  it  i»  evident  that  two  ordinates 
on  the  contrary  sides  of  the  greatest  ordinate  may  be  equal 
to  each  other;  ond  when  the  ordHiales  decrease  to  a cer^ 
tain  point,  where  they  are  ai  the  least,  and  afterwards  « 
increase  again ; there  may  also  be  two  Vqual  ordinates, 
one  on  each  side  of  the  least  ordinate.  Hence  then  an 
equal  ordinate  corresponds  to  two  diflcrcni  abscisses,  or 
for  every  value  of  an  ordinate  there  arc  two  values  of 
abscisses.  Now  as  the  difference  between  the  two  abscisses 
is  conceived  to  become  loss  and  less,  it  is  evident  that  the 
.two  equal  ordinates,  corresponding  to  them,  approach 
nearer  and  nearer  together ; and  when  the  differences  of 
the  abscisses  are  infinitely  small,  or  nothing,  then  the  equal 
ordinates  unite  in  one,  which  is  either  the  maximum  or 
minimum.  The  method  hence  derived  then,  is  this : Find 
two  values  of  an  ordinate,  expressed  in  terms  of  the  ab- 
scisses: put  those  two  values  equal  to  each  other,  canceU 
ing  the  parts  that  are  common  to  .both,  and  dividing  all  , 
the  remaining  terms  by  the  diflerence  bclwwn  the  ubscisser, 
which  will  be  a commoa  factor  in  them  : next,  supposing 
the  abscisses  to  become  equal,  that  the  equal  ordinates  ^ 
may  concur  in  the  maximum  or  minimum,  that  difTerruce 
will  vanish,  as  well  as  all  the  termv  of  the  equation  that 
include  it;  and  therefore,  striking  those  terms  out  of  the 
equation,  the  remaining  terms  will  give  the  value  of  the 
alkciss  corresponding  to  the  maximum  or  minimum. 

For  example,  Suppose  it  were  required  lo  find  the 
greatest  ordinate  in  a circle  KMQ.  Put  the  diameter  Kz 
= a,  the  absciss  XL  the  ordinate  lm  =yi  hence  the 
other  part  of  the  diameter  is  le  s a — x,  and  consequently, 
by  the  nature  of  the  circle  klx  lz  being  equal  lm*,  x 
» (a  — x)  or  ox  — X*  = y’.  Again,  pul  another  alfsciss 
KP  zz  X (I,  where  d is  the  diflerence  LP,  the  ordinate 
P9,  being  equal  to  LM  ory;  here  thenagain  kp  x . 

T»Q*,or{x  -t-  d)  K (o  — X — d)  = ox  — x*  — 2dx  •+•  ad  — 
d*=y:  pul  now  these  two  values  of  y*  equal  loeach 
other,  so  shall  nx  — x*  =ox  — x*—  2dx  -e  ad  ^ d^;  cancel 
the  common  terms  ox  and  x*,  then  (X  ss  — 2dx  od  — • 
cT,or  2dx  -1-  d*  = od;  disidcall  by  d,  so  shall  2x  d = fiy 
a general  equation  derived  from  the  equality  of  the  lw« 
ordinates.  Now,  bringing  the  two  equal  ordinah-s 
gethcr,  or  making  ibu  two  abscisses  equal,  their  differ- 
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ence  vanishes,  and  the  last  equation  W^omes  Barely  And  in*the  Jd  example,  where  — is  to  be  a 
2x  &=  a,  or  j:  ss  ia,  skn,  the  value  of  the  absciss  aar  maximum;  mult,  by  • 2 3 

when  the  ordinate  no  is  a maximum,  viz,  the  greltest  gives  ' - • - • . 2ox^  — 3x^  a 0; 

ordinate  bisects  the  (Uammer.  And  the  ^operation  and  hence  2a  — 3x  a 0,  or  Sr  a 2o,  and  x a bclaiT« 
canclusion  it  is  evident  will  be  the  same,  to  divide  a given  The  next  general  method,  and  which  is  now  usuhIIv 
line  into  two  parts,  so  that  their  rectangle  shall  be  the  practised,  is  that  of  Newton,  or  the  method  of  fluxion*, 
greatest  possible.  which  is  founded  on  a principle  different  from  that  of  the 

For  a second  example,  let  it  be  , j , two  former  methods  of  Fermat  and  Huude.  riirse  are 


required  Id  divide  the  given  line  ab 
into  two  such  parts,  that  the  one  part  drawn  into  the 
square  of  the  other  may  be  the  greatest  possible.  Putting 
the  given  line  ab  = a,  imd  one  part  ac  = x;  then  the 
otherpartCB  will  bca  — x,  and. therefore x*  x (a  — x)  = 
ox*  >•  X*  is  the  product  of  one  part  by  the  square  of  the 
other.  Again,  let  one  part  be  a d = x d,  then  the  other 

patt  is  a — X — d,  and  (x  a)*  x (a  — x — d)  = ax*  — x^ 
— 3dx*  (2ad  — 3<f*)  • x ad*  — d*.  Then,  putting 

these  two  products  equal  to  each  other,  cancelliug  the 
common  terms  «x*  — x^,*and  dividing  the  remainder  by  d» 

• there  results  0 = — 3^  ^2a  — 3d)  . x ad  — d* ; 

bence,  canceling  all  the  terms  that  contain  d,  there  re* 
tnains  0 = — 3x*  <«■  2ox,  or  3x  = 2a,  and  x = -fa  ; that 
is,  the  given  line  must  be  divided  into  two  parts  in  the  ra- 
^ tio  of  3 la  2.  Sec  Fermat's  Opera  Varia,  pa.  €j,  and  his 
• Letters  to  Mencnne. 

Tlic  next  m«tfa<Ki  was  that  of  John  fludde,  given  by 
Schooten  among  the  additions  to  Dcscarles's  Geometry, 
near  the  end  ofthe  1st  vof.  of  his  edition.  This  method is  also 
drawn  from  the  property  of  an  equation  having  two  equal 
roots.  He  there  di'monstratcs  that,  having  ranged  the 
terms  of  an  equabon,  that  has  two  roois  ei^iial,  according 
to  the  order  of  the  exponents  of  the  unknown  quantity, 
taking  all  the  terms  over  to  one  side,  and  so  making  them 
equal  to  nothing  on  the  other  side;  if  then  the  terms  in 
that  order  be  multiplied  by  the  terms  of  any  ariihmctical 
progression,  the  resulting  equation  will  still  have  one  of  its 
roots  equal  to  one  of  the  iw-o  equal  roots  of  the  former 
equation.  Now  since,  by  what  has  been  said  of  the  fore* 
going  method,  when  the  ordinate  of  a curve,  admitting  of  a 
maximum  or  minimum,  is  expressed  in  terms  of  theabscissa, 
that  abscissa,  or  the  value  of  x,  will  b;>  two-fuld,  because 
there  are  two  ordinates  of  the* same  value;  that  is,  the 
equation  has  at  least  two  unequal  roots  or  values  of  x:  but 
when  the  ordinate  becom(*t  a maximum  or  minimum,  the 
twoabscivses  unite  in  one,  and  the  two  riwis,  or  values  of 
X,  arc  equal ; therefore,  from  the  abovosaid  property,  the 
terms  of  thiscqualion  for  the  maximum  or  minimum  being 
multiplied  by  the  terms  of  any  arithmetical  progression, 
the  root  of  the  resulting  equation  will  be  om-  of  the  said 
equal  roots,  or  the  value  of  Uic  absciss  x when  the  ordinate 
is  a maximum. 

Though  the  terms  of  any  arithmetic  progression  may  be 
used  for  this  purpose,  some  are  more  convenient  than 
others ; and  Mr.  tiuddc  directs  to  make  use  of  that  pro* 
gression  which -is  formed  by  the  exponents  of  x,  six,  to 
multiply  each  term  by  the  exponent  of  its  power,  and 
putting aI)  the  resulting  products et|uul  to  nothing;  which. 

It  is  evident.  Is  exactly  the  same  process  ns  tnking  the 
duxions  of  all  the  terms,  and  putting  them  equal  to  no* 
thing;  being  the  common  process  now  used  for  the  same 
purpose. 

Thus,  in  the  former  of  the  two  foregoing  examples, 
where  ax  — x*,  ory*,  is  to  be  a maximum; 
mult,  by  I 2 

gives  ox  — 2x*  = 0;bcDce2xsa,aiKlx.=sia,asbcfore« 


derived  from  the  idea  u(  the  two  equal  ordiHoies  of  a 
curve  uniting  into  one,  at  the  place  of  the  maximum  and 
minimum  ; but  Newton’s  from  the  principle,  that  thn 
fluxion  or  iucrement  of  ao  ordinate  is  nothing,  at  the  point 
of  the  maximum  or  minimum  ; a circumstance,  which  im* 
nfbdiutely  follows  from  the  nature  of  that 'doctrine  : fur, 
since  a quantity  ceases  to  increase  at  the  maximum,  and 
to  decrease  at  the  minimum,  at  those  points  it  neither  in- 
creases nor  decreases  ; and  since  the  fluxion  of  a quantity 
is  proportional  to  its  increase  or  decrease,  therefore  the 
fluxion  is  noihfng  at  the  maximum  or  minimum.  Hence 
this  rule:  Take  the  fluxion  of  the  algebraical  expression 
derraiing  the  maximum  or  minumim,  and  put  it  equal  to 
nothing;  and  that  equation  will  determine  the  value  of 
the  unknown  letter  or  quantity  in  question. — So,  in  the 
fiot  of  the  two  foregoing  Examples,  where  it  is  required  to 
determine  x when  ax  — x*  is  a maximum  : the  fluxion 
of  this  is  Ox  — > 2xjr  = O;  which  divided  by  i>,  gives 
a 2x  s 0,  or  a SB  2x,  and  x =4a.  Also,  In  the  2d 
example,  ,wbeu>  ox*  — x^  is  to  be  a maximum : the  fluxion 
is  2flXx  — $x*x  s Of  hence  2a  — 3x  = 0,  or  2a  s 3x, 
and  X = }a. 

When  a quantity  becomes  a maximum  or  minimum, 
and  is  expresst'd  by  two  or  more  affirmatiw  and  jiegative*^ 
terms,  in  which  only  one  variable  letter  is  contained  ; it  is 
evident  that  the  fluxion  of  the  aflirmative  forms  will  bo 
equal  to  the  fluxion  of  the  negative  ones;  since  their  dif- 
ference is  equal  to  nothing. 

And  when,  in  the  expression  fur  the  fluxion  of  a maxi- 
mum or  minimum,  there  arc  two  or  more  fluxionary 
letters,  each  contained  in  both  aflirmative  and  negative 
terms ; the  sum  of  the  terms  containing  the  fluxion  of  each 
letter,  will  be  equal  to  nothing:  Fur,  in  order  that  any 
expression  be  a maximum  or  minimum,  which  contains 
two  or  more  variable  quantitii*s,  it  must  produce  a maxi- 
mum or  minimum,  If  but  one  of  those  quantities  be  sup- 
posed variable.  So  if  ax  — iiy  ty  denotea  minimum  ; 
its  fluxion  I*  ax  — 2yi‘  — 2xjr  hence  a-v  — Qyx  = 0, 

and  by  — 2x7  = 0;  from  the  former  of  these  y = 4^,  and 
from  the  latter  x js  4^.  Or,  irf  such  a coie,  tkke  the 
fluxino  of  the  whole  expression,  supposing  only  one  quan- 
tity variable;  then  lake  the  fluxion  again,  supposing  an- 
other quantity  only  variable : nntl  so  on,  fbr  all  the  seve- 
ral variable  quantities  ; which  will  give  the  same  number 
of  equations  for  determining  those  quantities.  So,  in  the 
above cxample,ax  — 2xy  -*•  fry,  the  fluxion  isov—  5yx=:0, 
supposing  only  x vanable;  w hich  gives  y =:  4a  : and  the 
fluxion  is  — ^xy  by  =1 0.whcny  only  is  variable;  which 
gives  X =:  same  as  before. 

Farther,  when  any  quantity  is  a maximuni  or  mini 
mum,  all  the  powers  ut  routs  of  it  will  be  so  too;  as  wilt 
aho  be  the  result,  when  it  is  increased  or  decreased,  or 
multiplied,  or  divided  by  a given  or  constant  quantity  ; • 
and  the  logarithm  of  the  same  will  be  also  a maximum 
or  minimum. 

To^tind  whether  a proposed  algebraic  quantity  admits  qfa 
maximum  or  Mvumom.— £very  algebraic  expression  docs 
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not  admit  ot’  a maximum  or  minimum,  properly  so  called; 
tor  It  may  either  increase  continually  tu  infinity,  or  de- 
ereaae  continually  to  nothing;  in  both  which  cures _thcre 
IS  neither  a proper  maximum  nor  minimum : for  the  true 
maximum  is  that  ralue  to  which  an  expression  increases, 
and  after  which  it  decreases  again  ; and  the  minimum  is 
that  value  to  which  the  expression  decreases,  and  alter 
that  it  increases  again.  'ITierefoie  when  the  expression 
admits  of  a maximum,  its  Bu-xion  is  positive  before  that 
point,  and  negnuve  after  it ; but'when  it  ailmiis  of  a mi- 
nimum, its  Huxion  is  negative  before,  and  positive  after  it. 
Hence,  take  the  fluxion  of  the  expression  immediately 
bcfoie  the  fluxion  is  equal  to  nothing,  and  a little  after  it; 
if  the  first  lluKiun  be  positive,  and  the  last  negative,  Ike 
middle  stale  is  a maximum;  buc  if  the  first  fluxion  be 
negative,  and  the  last  positive,  the  middle  state  is  a mini- 
mum. Thus,  for  example,  sc?  Maclauriii’s  Tluxions, 
book  1,  chap.  9,  and  hook  2,  chap.  5,  art.  8»9. 

\Vj  shall  add  here  a few  problems,  as  a laribcr  illus- 
tration of  this  method. 

iVofi.  I.  To  divide  a given  number  o into  two  parts, 
X,  and  y,  so  that  avy”  may  be  a maximum. 

Since  X a-  y = 0,  and  x*y  = max,  the  fluxion  of 
each  = 0,  the  former  betause  it  is  constant,  and  the 
latter  because  it  is  a niaxiraura;  therefore  x a- y = 0 
and  my“a"-‘x  -e  ns“yV'’y  = 0;  hence  i = — and 

jr  — — ^ „ !!21  - ihcrcforc  — y = — or 

IMOf*!*  • * mu  *"y 

1 ai,  that  is  »t : a : : I ; y.  And  sincoy  = — ; tbere- 


my 


fore  X -e  — = a,  and  consequently  x 


I and 


- m -I*  n * 

If  m =:  n»  Uic  two  parts  are,  equal. 

Prob.  2.  To  inscribe  the  grcAlcst  parallelogram  in  a 
given  triangle. 

LsCt  ABC,  Fig.  1,  be  the  given  triangle,  and  dfgi  the 
required  parallelogram; 
draw  Bii  jMjrpcndicular 
to  AC ; and  put  ac  = a, 

Bii  = 6,  BE  ss  x;  then 
an  = 6 x;  and  by 
simiTar  triaqgln  b t an 

y s=  or;  hcncc  the 

area  dfgi  = y x 
(6  — x)  = mux.  or* 
fcx  — X*  zs  max.  There- 
fore, taking  the  Auxioy,  wc  have,  b*  — 2xx  =s  0,  or 
X =:  ^b\  and  fiencc  Eii  =s  |bii. 

iV^.S.Toinscnbe  the  grt*atcslcylinderin  agivencm»e. 

Let  ABC,  Fig.  2,  represent  the  given  done,  and 
DFGi  the  cylinder  requir^.  I*ul  o • 

p then  the  same 

notation  remaining,  as  in  the  fore- 
going problem,  we  have  by  similar 

triangle^,  6 : a : : x : ^ = df  ; 

Ihercforc  the  area  of  the  end  of 
the  cylinder  = ; and  hence, 

by  the  question, 

=!  a max.  or  x*  x 


6x*  — X*  = a max.  And  this  being  thrown  into  fluxions, 
vre  have  26x*— 3x’»  ^ 0,or  x = therefore  eh  = jBM, 
when  the  cylindt^r  i*  thcgrcatcaj  possible.,: 

Prob.4.  To  inscribe  the  greatest  possibly  parallelogram 
in  a given  parabola. 

Let  ABC,  Fig.  3,  n'prcsent  the  given  parabola,  and  dfci 
the  required  paral- 
lelogram. Also  put 
BII  = Gy  parameter 
= /»,  and  BE  =z  X ; 
then  by  the  property 
of  the  parabola, 

DE*  sipx;  there- 
fore DE  ss^px,  and 
DF  = 2^pxi  hence 
the  area  ol  the  parallelogram  Drci=  x (a  — x)  a 

1 9 

max.  or  ox*  — x'  = a max.;  and  this  in  fluxions  gives 

-.1-  ».  -1..  » 

4 ax  x^Af  s 0,  or  * at  3x^  or  a =s  3x,  conse- 

quently X = I 0;  that  is  Ell  =s  Bit,  when  the  inscribed 
parallelogram  is  a tx^aximum. 

J*rob.  5.  To  determine  the  dimensions  of  a cylindric 
vessel  open  at  top,  that  shall  contain  a given  quantity  of 
liquor,  under  the  least  possible  superficies. 

Let  the  altitude  be  represented  by  x,  and  the  diameter 
by  y,  also  put  *78639 &c  =p,  consequently  S’14l6  s 4p, 
and  the  content  zs  a;  then  4pxy  will  be  the  cylindric  sur- 
face, and  pjf*  the  urea  of  the  bottom.  Hence  these  two 
equations  py*x  ss  a,  and  4pxy  ^ py*  = a minimum ; 

from  the  first  x = which  being  substituted  for  x in 
the  second,  gives  py*  = a minimum;  and  this  in 


fluxions,  gives 


2py;  = 0,  or  2py  = hence 


jr*  =i  — , and  y = i/—  the  diameter;  also  since x = -2- 
^ P . fSi" 

X*  = ^ X — = — =i  — ; therefore 

p*  44'  4p  Sp  ’ 


X = 4^  : that  is,  the  diameter  is  double  the  altitude, 

when  ibe  surface  is  a minimum. 

Prob.  6.  Of  all  right-angled  triangles  having  the  same 
hypothenuse,  to  determine  the  dimensions  of  that  whose 
area  is  a maximum. 

Let  the  b)potbi'nusc  be  repreventetl  by  a,  and  (he  legs 
by  X and  y.  Then  wc  have  these  two  equations, 
y*  = a\  and  = max. 

The  fluxion  of  each  of  these  is  equal  to  O,  the  first  be- 
cause it  is  constant,  and  the  second  because  it  is  a maxi- 
mum; wchave  therefore 

2xi  -+•  = 0,  and  ^xj  |yi  = 0;  from  the  first 

X = and  fram  the  second  x = — therefore 
. f 

^ ; hence  x = v,  ihot  is,  the  area  is  a maximum 

X y *•  ^ , 

when  the  legs  are  equal. 

For  various  examples  of  thi'i  kind,  sec  Simpson's,  Mac- 
laurin  s,  Emerson’s,  and  Vince’s  Fluxions. 

Maxiucm  Eject qf  Machinex.  Isee  Mecuawics. 
MAY,  Maius,  the  fifth  month  in  the  year,  reckoning 
from  our  firrt,  or  .lanuar)*;  but  the  third  , counting  the 
year  to  begin  with  March,  as  the  Romans  did  anciently. 
It  was  called  Maius  by  Romulus,  in  roipecl  to  the  sena- 
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tore  end  nobles  of  bis  city*  wbo  were  named  M|)ores ; w 
(be  following  month  was  called  Junius*  in  honour  of  the 
youth  of  Rome*  in  l^noirnv  juniomm,  who  served  him  io 
(he  war.  Though  some  tav  it  has  been*  (bus  callt  d from 
Maia*  the  mother  oi  Mercury*  to  whom  (bey  offered  sa- 
crifice on  ibe  first  day  of  this  mouth  t and  Papias  derit-vs 
(he  name  from  M«diUs,  i*o  qu>Kl  tunc  terra  madraL— In 
this  mootfi  the  sun  enters  ibe  sign  Gemini*^d  tbe  plants 
of  odr  hemispliure  begin  mostly  to  fiower. 

*M  AV  HR  V Ion  as),  one  of  tbe  greatest  astronomers  and 
mechanists  of  the  18th  Cimtury*  was  born  at  Maspuch,  in 
the  duchy  of  Wtrtembei);,  1723.  He  taught  himself  ma- 
thcmatics*  and  at  14  ycars'uf  age  designed  machines  anil 
instruments  with  the  greHtesl  dexterity  and  exactness. 
These  pursuits,  howevcr#did  not  hinder  him frt»mcuhivating 
tbe  belles  letires;  for  he  acquired  she  Latin  tongue*  and 
wrote  it  with  elegance.  In  1730,  the  university  of  Got- 
tingen chose  him  fur  their  mathemalical  professor ; and 
every  year  of  his  short  life  was  thenceforward  marked  with 
some  considerable  discoveries  in  >;eonir(ry  and  aslrunumy. 
Hepublishcd  several  wbrks  on  (hevesubjecta,  wbic|i  are  all 
accounted  excellerK  of  (heir  kind ; and  some  palters  are 
inserted  in  the  second  volume  of  the  Memoirs  of  the  Uni- 
versity of  Gottingen.  He  was  very  accurate  and  inde- 
fatigable ill  his  Ui»tr> 'Domical  observations;  indeed  his  la- 
bours seem  to  h)tve  very  early  exhausted  him;  for  he  died 
' worn  out  in  I7<>A  at  no  inure  tlian  39  ytani  ol  age. 

His  Table%l  RefractioiiB,  deduced  from  bis  own  astro- 
nomical nbMTVdtions*  accurately  agrees  wiih  that  of 
Doctor  Bradley ; and  his  Theory  ot  the  Moon,  and  r\stm- 
nomical  'fables  and  Precepts,  wen*  so  well  estei'tm'd,  that 
they  were  rewarded  by  the  Kngiish  Board  of  Ldingitude* 
with  the  pn-mium  of  3000  pounds,  which  stun  was  paid 
to  bis  willow  atier  his  death.  These  tables  and  precepts 
were  published  b)  tbe  Board  «f  Longitude  in  1770. 

MLAN,  a middle  state  between  two  extn*mes:  a»  a 
mean  motion*  nH*an  distance*  arithmetical  mean,  geomo* 
trical  mean,  &c. 

Arithmtttcui  Meax*  is  half  tbe  sum  of  the  extremes. 
So,  4 is  an  anihmetical  mean  between  2 and  6,  or  between 
3 and  5,  or  between  1 and  7i  alM>  an  arithmetical  mean 

between  a and  b is  or  Ja 

Gfomftrical  Meam*  commonly  called  a mean  propor- 
tional, it  the  square  rout  of  the  product  of  the  two  ex- 
tremes; so  (hat*  to  find  a mean  proportional  between  two 
given  extremis,  multiply  these  together,  and  extract  tbe 
square  root  of  tbe  product,  'fhus,  a mean  proportional 
between  1 and  p,  is  x 9)  s=  ^^pss  5;  a mean  be- 
tween 2 and  4y  is  v^(2  x 4y)  s \/9  ^ 3 ; also  the  mean 
between  4 and  6 x 6)  = tuean  be- 

tween a and  b is  ^ab. 

The  geometrical  mean  is  always  less  than  the  arithme- 
tical mean,  lictween  the  same  two  extremes-  So  thearilh- 
i.ietical  mean  bvlween  2 and  4|  is  3|,  bukthe  geometrical 
mean  is  onl}' 3.  'I'o  prove  this  generally;  let  a and  b be 
any  Iwg  terms*  a the  greater*  and  b the  lt*ss;  then*  uni- 
versally* the  arithmetical  mean  ^ \b  shall  be  greater 
than  the  gsometriAil  mraav'oK  or  a 4-  6 greater  than 
2 i/ab.  For*  by 

squanng  both,'  they  are  o*  4-  2ob  4-  fi*>4.6; 
subir.  4ufi  Irom  each*  then  o*  ~ 2«fi  -»•  b^>  0 * 

that  is  - - - (o  - 6)*  >0  . 

a A/r<m  PropOftimuU  C^onic/rtco//y*  between  two 
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liven  lines  u and  k.  Join  the  two 

given  lines  together  at  c in  one  coo-  _ M 

tinued  line  ab;  on  the  diameter  ab  ” “ 

describe  a seinicirclei  and  erect  the  y * 

perpendicular  CD;'which  will  be'lhe 

mean  proportional  between  ac  and  / |^\ 

CB,  or  u and  k.  This  it  is  evident*  is  / \ 

always  Icssthanthearithmeticalroean,  w 

AS  or  £B  or  ef;  except  when  thetwo 

lines  arc  equal ; for  then  the  two  means  are  equal  also. 

To  find  Mean  Proportionait  between  Iwog  ven  cx- 

‘ tremes.  Multiply  each  extreme  by  tbe  square  of  Uie 
other,  vis*  tlie  greater  ex^eme  by  the  square  of  the  leas* 
and  the  less  extreme  by  thesquaib  of  thegn*ater;  then  ex- 
tract the  cube  root  out  of  eacii  product*  and^he  two 
roots  will  bp  the  two  mean  propuriionals  sought.  That  is* 
and^ak*  are  the  two  means  between  a and  b.  So* 
between  2 and  iff*  the  two  mean  proportionals  are  4 and 
8 ; for  i/{2*  x l6)  =^/64  = 4.  and  ^<2  a 16«)  « 
i/5l2  = 8. 

In  a^milar*  manner  we  proceed  for  three  means*  or 
four  means*  or  five  means*  btc.  From  all  which  it  appt*ars 
that  the  senes  of  the  several  numbers  of  mean  propur- 
tsunals,  between  o and  6*  will  be  as  follows : vis, 
one  mean*  v^wk** 
two  means*  , 

three  in«anv*  ^o^b, 

iliur  means*  i/‘^*k*  ^a'b^,  V®*k*,  ^ab*i 
five  means,  ^a*k,  v^o*k%  V**k*,  ^ak*;» 

kre*  ktc.  » 

Harmonieot  Mbam*  is  double  a fourth  proportional  to 
the  sum  of  the  extremes*  and  (be  twoextremes  themselves 

0 and  k : thus,  as  a k : a ; : 2k  : = m the  harmo- 

nica! mean  between  a and  k.  Or  it  is  the  rtciprocal  of 
the  arithmetical  mean  between  the  reciprocals  ol  tbe  given 
extremes;  that  is,  take  the  reciprocals  of  the  extremes 

a and  fr*  which  will  U'  ^ and  thentake  the  arithmetical 
mean  between  these  reciprocals*  or  half  ibeir  sum,  which 
will  he  — '*  reciprocal  of  this 

^ = m tbe harraonical  mean  : for,arilhmeticftlsand 
barmontcaU  are  mutually  reciprocals  of  each  other; 

So  (bat  if  a*  m*  fi*  Ac  be  aritbmeticals*  ^ 

then  shall  Ac  be  harmonicals;  ' 

a m S 

or  if  the  former  be  harmonicals,  the  latter  will  be  arith- 
mcticals. 

For  example,  to  find  o bnrmonical  mean  between  2 
and  6 ; here  a = 2.  and  d s 6;  tbcivfore. 

laf  SxSvS  _ , . 

g — = — = 3 = m the  harraonical  mean 
sought  between  2 and  6. 

It  is  remarkable  (hat  the  three  means,  via*  the  arithme-* 
tical*  the  geoftictrical*  and  the  harraonical,  between  any 
two  quantities*  a and  k,  arc  in  continued  geometric  progres- 
sion ; for  it  is  evident  that  — : ^ab  : : ^ttk  ; 

To  place  the  $aid  three  Afrani  in  Circ/e.— On  the  suin 
(Ac)pf  the  two  means  (ab*  bc),  as  a diameter*  describe 
a circle;  in  which  erect  bd  the  given  mean,  and  apply 
BE  = |ac  (he  arithre.  mean,  then  produce  CB  to  p*  so 
shall  BP  bc  tbe  harraonical  itieaB.  For,  produce  OB  Ui 
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Oi  (lien  BC*  = BD  ; also  join  DC  and 
re,  making  ihe  triangles  ude,  »ro 
similar:  fur  the  opposite  angles  at  B 
arc  equals  also  the  angles  E and  o are 
equal,  stauding  on  the  same  arc  nr; 
hence  be  : Bn  : : BU  ■=  bd  : BE, 
uhich  is  therefore  the  barmonical 
luean. 

Otherwise;  Having  drawn  be  and  bd,  the  arithm.  and 
gcom.  means;  take  bo' = bI),  and  draw  g'f'  parallel  to 
bd;  then  is  Br  = ur  the  harm,  mean  also.  For,  by  siiu.  . 
triangles,  BE : bd  : : bu'  = bp  : bf. 

In  the  3d  hook  of  l’n|^iis's  hlatbcmatical  Collections, 
we  have  a'vety  good  traft  on  alt  the  three  kinds  of  mean 
proportiAnals,  beginning  at  the  3th  proposition.  He  oh> 
serves,  Uiat  the  ancients  could  not  resolve,  in  a gconu- 
trical  way,  the  problem  of  hnding  two  mean  propor- 
tionals; and  because  it  is  not  easy  to  describe  the  conic 
sections  in  piano,  fur  that  purpo^,  they  contrived  easy 
and  convenient  imlruments,  by  which  they  obtained  good 
mechanical  constructions  of  that  problem;  los  appaan  by 
their  writings;  hs  in  the  Mesolabe  of  Eratosthenes,  of 
Philo,  with  the  Mechanics  and  Catapultica  of  Hero.  For 
these,  rightly  deeming  the  problem  a solid  one,  clTected 
the  construction  only  by  instruments,  and  Apollonius 
Pcrgzus  by  means  of  tire  conic  ss'Ctions;  which  others 
again  |ierfum)cd  by  the  loci  sulidi  of  Ari»ttcus;  also  Ni- 
comedes  solved  it  by  the  conchoid,  by  means  of  which 
likewise  he  trisected  an  angle:  and  Pappus  himself  gave 
another  solution  of  the  same  problem. 

Pappus  adds  definitions  of  the  three  fi>regoing  diflerent 
kinds  of  means,  with  many  problems  and  properties  con- 
cerning them;  and,  among  others,  this  curious  similarity  of 
them,  viz,  a,  m,  b,  being  'three  continued  terms,  either 
arithnu'ticaU,  gcometricals,  or  harmonicals;  thro  in  the 
Arithmeticals,  n n \ i a m \ m b\ 
Geomctricals,  ormiia  — — 6; 

Harmonicals,.  nib  ::a.  — 

MEAN»and-Fz/r«wc  Proportim,  or  Kitreme-axd^Mean 
Proportion,  is  when  a line,  or  any  quantity,  is  so  divided, 
that  the  less  part  is  to  th.c  greater,  as  the  greater  is  to  the 
whole. — This  is  easily  pcrformi'd  geometrically,  as  Csdonc 
in  Euclid. 

But  it  cannot  be  done  arithmetically  in  rational 
numbers : for  if  a denote  a given  number,  to  be  divided 
in  extrcroe-aiid-mcan  ratio;  then  the  two  parts  arc 
and  which  cannot  be  given  in  rational 

numbers,  on  account  of  the  radical  v^5. 

Mean  Anomaly,  of  a planet,  is  an  angle,  which  is  al- 
ways proportional  to  the  time  ol  the  planet's  motion  from 
the  aphelion  or  perihelion,  or  proportional  to  the  area  de- 
scribe by  the  radius  vector;  that  is,  ns  the  whole  periodic 
time  in  one  revolution  of  the  planet,  is  to  the  lime  past  the 
aphelion  or  perihelion,  so  is  36o°  to  the  mean  anomaly, 
feec  Anomaly. 

Mean  in  Optics.  See  Axis. 

Mr^N  Conjunction  or  Opposition,  U when  the  mean  place 
of  the  sun  if  in  conjunction,  or  opposition,  with  the  mean 
place  of  the  moon  in  the  ccHpiic. 

Mean  Diame/er,  in  Gauging,  is  a mean  between  the 
diami-lcrs  at  the  head  and  hniig  of  a cask. 

Mean  DUttmee,  of  a planet  from  the  sun,  is  an  ahtb- 
taetical  mean  between  the  planet’s  greatest  and  least  di* 


stances ; |nd  (his  is  equal  to  the  semitransverse  axis  of  the 
elliptic  urbii  in  which  it  moves,  or  to  the  right  line  drawn 
from  the  sun  or  focus  to  the  exirei^ty  of  the  conjugate 
axis  of  the  same. 

Mean  Alotion,  is  that  by  which  a planet  is  supposed  to 
move  equably  in  its  orbit;  and  it  is  always  proportional  to 
the  time. 

Mean  Timot  or  Equal  Time,  is  that  which  is  measured 
by  an  equable  motion,  as  a clock ; as  distinguished  from  ap- 
purciu  lime,  arisiug  from  the  unequal  motion  of  the  earth 
or  sun. 

MEASURE,  denotes  any  quantity,  assumed  as  unity, 
or  one,  to  wbith  the  ratio  of  other  homc^eneous  or  like 
quantities  may  be  expressed. 

Quantities  are  not  always  neccssanly  measured  by 
quantities  of  the  same  kind.  Sec  rol.  3 of  my  Course  of 
Mathematics,  pa.  b7,  the  note. 

Measure  an  Angle,  is  an  arc  of  a circle  described 
from  the  augular  point  as  a centre,  and 
intercepted  between  ibe  legs  or  sides  of 
the  angle:  and  it  is  usual  to  estimate 
and  express  tbcfneasure  of  the  angle  by 
the  number  of  degrees  and  parts  con- 
tained in  that  arc,  of  which  3o0make  up 
tbc  whole  circumference.  $o,  the  mea- 
sure of  the  angle  bac,  is  the  arc  bc  to 
the  radius  AD,  or  the  arc  be  to  the  radius 
kb. 

Hence,  a right  angle  is  measured  by  a 
quadrant,  or  ^ degrees;  and  any  angle,  as  baC,  is  to  a 
right  angle,  as  the  arc  bc  is  to  a quadrant,  or  as  the  degrees 
in  BC  arc  to  90  degree's. 

CoMinoR  Measure.  See  Common  Afeoivre. 

MEABUbE  of  a Figspr,  or  Plane  Surface,  is  a square 
inch,  or  square  foot,  or  square  yard,  dec,  that  is,  a square 
whose  side  is  an  inch,  or  a foot,  or  a yard,  or  some  other 
determinate  length  ; and  this  square  is  called  thcateosarn^ 
uair. 

MERSuaeq/'  a Line,  is  any  right  line  taken  at  plea- 
sure, and  considered  as  unity  ; as  an  inch,  or  a foot,  or  a 
yard,  Ac. 

Line  <f  Meabures.  Sec  Line  qf  Metunret. 

Measure  qf  a Mau,  or  9uantity  qf  Matter,  is  its 
weight. 

Measure  rf  a fisanber,  is,Rny  number  that  divides  it, 
without  leaving  a remainder.  So,  2 is  a measure  of  4,  of 
8,  or  of  any  even  number;  and  3 is  a measure  of  6,  or  of 
9, or  of  IS,  Ac. 

Measure  qf  n Ratio,  is  its  logarithm,  in  any  system  of 
logarithms or  it  is  the'exponent  of  the  power  to  which 
the  ratio  is  equal,  the  exponent  of  suiqc  given  ratio  being 
assumed  as  unity.  So,  if  the  logarithm  or  measure  of  the 
ratio  of  10  to  1,  be  assumed  equal  to  1 ; then  tbc  measure 
of  the  ratio  of  100  to  1,  will  ^ 2,  because  100  is  = 10*, 
or  because  100  to  1 is  in  (he  du()Iicate  ratio  of  10  to  1 ; 
and  the  measure  of  the  ratio  of  1000  to  1,  will  be  3,  be- 
cause 1000  is  = IQ’,  or  because  1000  to  1 is  triplicate  of 
the  ratio  of  10  to  1. 

Mlabdre  of  a Solid,  is  thenumberW  cubic  inches,  or 
cubic  feet,  or  cubic  yards,  Ac,  (hat  arc  contained  in  it. 

Meabuhe  qf  a Superfein,  is  the  number  of  square 
inches,  or  square  ft-et,  or  square  yards,  Ac,  cooiRinod  in  it. 

Measure  qf  Velocity,  is  the  space  uniformly  passed  over 
by  a moving  botiy  in  a given  time. 
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Vniv^rtal  or  Perpetual  Measure*  is  a kind  of  measure 
unalterable  by  time  or  place,  to  which  the  measures  of  dif> 
ferent  ages  and  nations  might  be  reduced,  and  by  which 
they  may  be  compared  and  estimated.  Such  a measure 
would  be  very  useful,  if  it  could  be  attained  ; since,  being 
used  at  all  limes,  and  in  all  places,  a greal  deal  of  confu> 
sion  and  error  would  be  avoided. 

Measures  of  length  appear  to  be  the  originals  for  all 
others,  both  for  surface's  and  solids  or  capacities,  as  well 
as  for  weights.  The  long  measures  of  all  nations  seem, 
fri'm  their  names,  to  have  been  originally  taken  from  sontc 
part  of  the  human  body  ; as  the  foot,  the  hand,  the  cubit 
or  elbow,  the  span,  the  fathom,  fisc.  But  as  these  measures 
must  differ  according  to  the  different  sizes  of  men, 
standards  of  some  durable  substance  have  been  adopted 
ill  all  civilised  countries:  which  arc  found  however  to 
differ  universally  from  each  other,  to  the  great  inconveni- 
ence of  all  commerce.  In  order  to  remedy  this  inconveni- 
CDce,  different  methods  have  been  propos^  for  establish- 
ing a universal  and  perpetual  standard,  unalterable  by 
time  or  place,  to  which  the  measures  of  all  nations  might 
be  reduced,  ai^  by  which  they  might  be  occasionally  ad- 
justed. But  as  all  material  substances  arc  liable  to  decay 
and  alicratiun,  an  invariable  standard  can  be  obtained 
only  from  some  stable  principle  in  nature,  such  as  the 
action  of  gravitation,  the  motions  of  the  heavenly  bodies, 
or  the  magnitude  of  the  earth,  ixe  and  accordingly  se- 
veral of  such  methods  have  been  proposed,  of  which  the 
two  following  only  have  been  attended  with  any  degree  of 
success : viz,  1.  The  length  of  a pendulum  that  vibrates  se- 
conib  of  mean  time ; 2.  The  length  of  a certain  division  or 
arc  of  the  meridian. 

The  first  of  these  methods  is  liable  to  this  inconvenience, 
that  the  length  of  a seconds  pendulum  varies  in  different 
latitudes,  increasing  from  the  equator  to  the  poles,  owing 
to  the  spheroidical  figure  of  the  earth.  The  second  mc> 
thod  is  liable  to  a similar  inconvrnienct';  as,  from  the 
same  cause,  the  degrees  of  the  meridian  must  also  increase 
from  ihc  equator  to  the  poles.  Sir  I.  Newton  calculated 
that  the  equatorial  diamelcr  of  the  earth  is  to  the  polar 
diameter,  ns  2J0  to  229  » und  therefore  that  on  different 
ports  of  the  earth’s  surface  the  weight  of  the  same  body 
is  different,  according  as  it  is  more  or  less  distant  from 
the  centre  of  the  earth;  so  that  the  length  of  a pendulum, 
vibrating  any  equal  portions  of  iime,mu'»t  increase  from  the 
equator  to  the  polos;  and  the  degrees  of  the  meridian  must 
also  increase  on  account  of  the  curvature  of  the  oblate 
spheroid. 

Several  mcasuremenCi  have  been  made  in  different  lati* 
tudes,  both  of  the  lengths  of  the  pendulum  vibrating, se- 
conds, and  of  the  degrees  of  the  meridian ; and  they  have 
buen  found  nearly  to  agrie  with  the  above  theory,  llencc 
it  appi'ars,  that  a universal  standard  cniinoi  be  obtained 
from  any  of  these  methods,  unless  all  nations  were  to  agree 
that  the  trial  or  measurement  should  be  made  in  some 
particular  latitude  ;-~an  agreement  that  is  never  likely  to 
uk«  place.  Such  methods  ho-.vcver  may  be  usefully  ap- 
]ilii  (l,  to  preserve  the  standards  already  rstablislicd  suffi- 
fiiMuly  correct  for  all  practical  purposes. 

Huyi:enf,  io  his  Horol.  Oscil.  proposes,  for  this  pur- 
poM‘,  the  length  of  a pendulum  that  should  vibrate  se- 
conds, measured  from  the  point  (»f  suspension  to  the  point 
of  oscillation:  the  3d  part  of  such  a peiuliilum  to  he 
called  horary  fool,  and  to  serve  as  a standard  to  which  the 
ineasuiv  of  all  other  feel  might  be  Tcft-rrcd.  But  this 
VoL.II. 


^ ] M £ A 

ncuurc,  in  order  to  iu  being  universal,  supposes  that  the 
action  of  gravity  U the  $amc  on  every  part  of  the  earth’s 
surface,  which  is  contrary  to  fact:  for  which  reason  it 
would  really  serve  only  for  places  under  the  same  parallel 
of  latitude:  so  that,  if  all  latitudes  were  to  have  lU  foot 
equal  to  the  3d  part  of  the  pendulum  vibrating  seconds 
there,  every  different  latitude  would  still  have  a tiiffcrent 
length  of  fooL  And  besides,  the  difficulty  of  measuring 
^ exactly  the  distance  between  the  centres  of  motion  and 
oscillation  arc  such,  that  hardly  any  two  measures  would 
make 'it  the  same  quantity, 

bince  that  time,  various  other  expedients  have  l^n  pro- 
posed for  establishing  a universal  measure.  In  1779,  a 
method  was  proposed  to  the  Society  of  .Arts,  ficc,  by  a 
Mr.  Hatton,  in  consequence  of  a premium,  which  had 
been  4 years  advertised  by  that  institution,  of  a gold  me- 
dal, or  100  guineas,  * for  obtaining  invariable  standards 
for  weight!  and  measures,  communicable  at  all  times  and 
to  all  nations.’  Mr.  Hatton's  plan  consisted  in  the  appli- 
cation of  a moveable  point  of  suspension  to  one  and  the 
samo  pendulum,  in  order  to  produce  the  full  and  absolute 
effect  of  two  pendulums,  the  difference  of  whose  lengths 
was  the  intended  measure.  Mr.  Whitehurst  much  im- 
proved on  this  id(*a,  by  very  curious  and  accurate  ma- 
chinery, in  his  tract  published  1787,  entitled  An  Attempt 
towards  obtaining  invariable  Measures  of. Length,  Capa-^ 
city,  and  Weight,  from  ihc  Mensuration  of  Time,  &c. 
Mr.  Whitehurst’s  plan  is,  to  obtain  a measure  of  the  great- 
est length  that  conveiiiency  will  permit,  from  two  pen- 
dulums whose  vibrations  arc  in  tha  ratio  of  2 to  1,  and 
whose  lengths  coincide  with  the  English  standard  in  whole 
numbers.  The  numbers  he  has  chosen  show  great  inge- 
nuity. On  a supposition  that  the  length  of  .'i  seconds 
pendulum,  in  the  latitude  of  London,  is  39'-  inches,  the 
length  of  one  vibrating  42  times  In  a minute,  roust  be  80 
inches;  and  of  another  vibrating  84  times  in  a minute, 
roust  be  20  inches;  their  difference,  6o  inches  or  5 feet, 
is  his  standard  measure.  By  his  experirsents,  however, 
the  difference  in  the  lengths  of  the  two  pendulums  was 
found  to  he  5p‘89^  inches,  imtenti  of  6#,  owing  to  the 
error  m the  dssuiurd  length  of  iht*  si'conds  pendulum,  39*2 
iiiclie»  litiiig  gti'-akT  than  the  truth.  Mr.  Whitehurst  baa 
however  *>o  tar  acromplishcd  his  di-sigii,  as  to  show  how  an 
invariable  standard  timy,  at  all  tunes,  be  found  for  the 
same  latitiidc.  He  has  also  asccrluined  a fact,  as  accu 
ratdy  iU  butiinn  powers  seem  capable  of  ascertaining  it,  of 
gri'ut  consequence  in  natural  philosophy:  which  is,  that 
the  tiiffs  rcncc  U-tween  the  lengths  of  the  rods  of  two  pen- 
dulums whose  vibrations  arc  known,  is  a datum  from 
wKtrh  may  1k'  liorived  the  true  length  of  pendulums,  the 
spnees  thnmsli  »hich  heavy  bodies  fall  in  a given  time, 
with  (iMuy  othi^r  particulars  relative  to  the  doctrine  of 
gravitation,  ibe  tiguro  of  (lic  earth,  &c,  &C.  The  result 
(U-daceti  from  this  experiment  is,  that  the  length  of  a se- 
conds pt-nduhiin,  vibrating  in  a circular  arc  of  20',  is 
39' I ly  inches  ry  nearly;  but  vibrating  in  the  arc  of  a 
cvHoid  It  would  bc39'l3ff  inches;  and  hence,  heavy  bo- 
diws  wdl  fail,  in  the  first  second  of  their  descqpl,  16*094 
feet,  or  l6  feet  li  inch,  very  nearly. 

Tlie  Ollier  metiiod,  of  deriving  a standard  from  an  arc 
of  liie  meridian,  has  been  lately  executed  in  rr.mcc  ; and 
it  is  said  to  possess  the  advantage  over  tbe  pendulum  me- 
thod, of  being  on  a larger  scale;  as  any  error  in  this 
operation  must  be  dimininisbed  by  subdivision;  whereas, 
an  error  in  the  small  standard  mu!>t  bu  iiicrc-asid  by  inul- 
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tipUcfttion.  But  this  method  is  objected  to,  on  account  of 
the  ine<|uality  in  the  earth's  surface;  for  it  has  been  found 
that  the  degrees  of  the  meridian  vary  in  different  longitudes, 
even  in  the  same  latitude. 

The  mathematicians  who  adopted  this  plan,  objected  to 
the  pendulum  method,  as  depending  on  two  different  ele* 
ments,  vis,  gravitation  and  time.  But  gravitation  is  uni- 
form in  the  same  latitude  ; and  time  is  universally  so,  as 
depending  on  the  regularity  of  the  earth’s  diurnal  rotation 
on  its  axis,  which  has  never  been  found  to  vary,  notwith- 
standing the  inequality  in  its  periodical  revolution. — Thus 
it  appears  that  superior  accuracy  cannot  be  ascribed  to 
the  meridiat)  method  ; and  as  the  chief  use  of  an  original 
standard  from  nature,  is  to  restore  Inst  measures;  if  two 
methods  are  equally  correct,  that  which  can  be  performed 
with  the  greater  convenience,  ought  to  be  preferred  ; and 
in  this  view  the  pendulum  ,must  have  a decided  pre- 
ference, as  affording  the  readier  means  of  recurring  to  the 
original. 

be  that  however  as  it  may,  the  fundamental  standard 
adopted  in  France,  for  the  new  system  of  weights  and 
tni'asures,  is  a quadrant  of  the  meridiui).  This  quadrant 
is  divided  into  ten  millions  of  equal  parts;  and  one  of 
these  parts  or  dirisioiis  is  called  a Sletre,  which  is  adopted 
as  the  unit  of  length;  and  from  which,  by  decimal  mul- 
tiplication and  division,  all  other  measures  are  tlerived. 
The  length  of  the  quadrant  hav  been  computed,  by  mea- 
suring an  arc  of  the  meridian,  between  the  parallels  of 
Dunkirk  and  Barcelona;  and  its  length  has  bi-cn  thus 
found  equal  to  3130740  Fiench  loises.  This  (|uaniity, 
divided  by  ten  millions,  gives  443*2^^  lines  = 3ff‘9413 
French  inches  s 39*3702  English  inches,  for  the  length 
of  the  metre. 

In  order  to  CNprcss  certain  decimal  pn^porlions,  the  fol- 
lowing vocabulary  has  been  adopted.  The  word  Deca 
prefixed,  means  10  limes  : Hecto,  i00timt*s;  Kilo,  1000 
times;  and  Myria  10,000  times.  On  the  other  hand,  the 
word  Deci  expresses  the  lOtli  part ; Cent!,  the  lOOih  part; 
and  Milli,  the  lOOOth  part : thus  a decametre,  means  10 
metres;  a declVneire,  the  lOlh  part  of  a metre;  a hec- 
tometre, 100  metres;  a contimetr**,  tlie  iOOth  part  of  a 
metre;  and  so  of  the  rest. 

The  metre  then  l>cing  the  element  of  long  measures; 
the  Are,  which  is  a square  decametre,  is  the  eleipcnl  of 
superficial  measurt's;  the  Store,  which  is  a cubic  metre,  is 
the  element  of  solid  roeasun's ; iho  Litn-,  which  is  a cubic 
deciminre,  is  the  element  of  liquid  measures,  and  of  all 
other  measurt^  of  capacity ; nud  lastly,  the  Gramme,  w hich 
is  the  weight  of  a cubic  ccutimctre  of  distilled  water,  is  the 
element  for  all  weights. 

A third  standard  has  been  proposed,  via,  the  space  that 
a heavy  body  would  freely  tall  through  in  a second  of 
time,  which  in  the  latitude  of  London  has  been  found  to 
he  nearly  I feet.  But  this,  like  the  above  standards, 
must  vary  in  ditTcrent  latitudes;  and  the  operation  is  be- 
sides extremely  difficult  to  be  performed  with  accuracy. 

The  ancients  mostly  ndjusierl  their  standards  by  the 
dimenstnns  of  some  durable  buildings.  In  Egypt,  the  base 
of  one  of  the  pyran-.ids  was  used  ; and  it  is  stated  by  Puuc- 
ton,  that  a di  gn'O  of  the  meridian  wns  also  measured  there 
at  a very  early  period,  hy  which  the  Greeks  and  Romans 
adjusted  their  standards. 

■Mcasuhe,  in  a legal,  commercial,  and  popular  sense, 
denotes  a certain  quantity  or  propoilioii  of  uny  thing, 
bought,  sold,  valued,  or  the  like.  'I  he  rcgultttiori  of 
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weights  and  measures  ought  to  be  universally  the  same 
throughout  the  nation,  and  indeed  all  nations;  and  they 
should  therefore  be  reduced  to  some  fixed  rule  or  standard. 
Measures  are  various,  according  to  the. various  kinds  or  di- 
mensions of  the  things  measured.  Hence  arise 

Linrat  or  Longitudinal  Mkasuhes,  for  lines  or  lengths: 

Square  Ma.ssu  RES,  for  areas  or  superficies  : and 

Solid  or  Cubic  Measures,  for  the  solid  contents  and 
capacities  of  bodies. 

The  standards  of  English  weights  and  measures,  like 
those  of  all  other  countries,  are  uncertain  in  their  origin. 
That  of  long  measure  is  said  to  have  been  fixed  in  the 
year  llOi,  by  Henry  the  1st,  who  ordained  that  the  an- 
cient ulna  ur  arm,  which  answers  to  the  modern  yard  (the 
Saxon  gyrd  or  girth),  should  be  adjusted  to  the  length  of 
his  arm.  This  standard  is  subdivided  iiito'fcct,  inches, 
and  barley-corns;  and  multiplied  into  poles,  furlongs, 
miles,  &c.  The  standards  of  English  weights  appear  to 
have  been  originally  from  grains  of  wheat;  3‘2  of  which 
were  directed,  by  the  Compo»i(io  Mensurarum,  to  moke  a 
pennyweight,  and  20  {H’nnyweighu  an  ounce. 

The  standards,  both  of  English  weights  and  measur(*s, 
are  chiefly  kept  in  the  Exchequer  at  Westminster,  from 
which  Copies  are  tsdten,  and  committed  to  the  care  of  ma- 
gistrates and  other  officer^,  in  different  parts  of  the  king- 
dom, who  arc  empowered  to  examine  the  weights  and 
measures  of  their  respective  districts,  and  to  condemn 
such  as  are  found-  erroneous.  From  the  Exclu'^quer, 
standards  arc  obtained  for  public  offices,  and  also  for  in- 
dividuals, with  indentures  or  licences  for  sizing,  adjusting, 
and  vending  weights  and  measures.  The  principal  office 
of  this  kind  is  at  Guildhall,  I..ondon,  where  several  an- 
cient Standards  art'  kept,  and  occasionally  compjrt*d  with 
those*  of  till*  Exchequer.  Here  the  avoirdupois  weights 
which  arc  caat  by  the  Founders’ Company,  lor  the  use  of 
the  city  and  for  ulber  purchasers,  are  sized  und  sealed; 
and  measures  of  capacity  are  likewise  adju>ted.  Standards 
are  also  kept  at  tlic  Tower,  particularly  for  troy  weight. 
By  these  regulations  a uniformity  of  weights  and  mea- 
sures is  established  throughout  the  kingdom  ; but  mi-a- 
sares  of  capacity,  particularly  those  for  corn,  s-ary  consi- 
derably in  dlflercnt  places. 

Jn  the  year  175B,  a committee  of  the  House  of  Com- 
mons was  appointed,  to  inquire  into  the  standards  of  F.ng- 
lish  weights  and  measures.  It  was  composed  chiefly  of 
men  of  science;  who  were  assisted  in  their  researches  by 
several  erninent  mathematicians  ami  mechanists.  The 
report  of  this  committee,  which  is  printed  in  the  minutes 
of  the  bouse,  contains  the  most  full  and  authentic  state- 
mriit  of  the  English  weights  and  measures  perhaps  ever 
publisiied;  and  as  no  alteration  in  them  has  since  taken 
place,  the  substance  of  the  report  is  here  given,  with  some 
account  of  the  proceedings  of  the  committee. 

l^oin  the  report  it  appears,  that  the  subdivisions  of  the 
orii:inal  vtandards,  at  the  F.xcheqmT  and  at  Guildhall,  do 
not  perfectly  agree  in  their  various  c<imhiimlions.  Their 
differences  however  are  very  small,  und  are  of  the  less  im- 
portance, as  the  principal  standards  of  long  measures  und 

weight*  are  sufficiently  correct. 

With  respect  to  the  measures  of  capacity,  considerahle 
diflerences  were  found  to  cxbl  in  the  sul«ii'isions;  as  well 
ns  u great  diversity  in  the  corn  bushel  in  diff  'ivnt  parts  of 
the  kingdom,  notwithstanding  the  numerous  acts  ol  par- 
liament which  had  been  passed  to  enforce  uiiiformiiy.  lu. 
ail  these  acts,  the  Winchester  bushel  is  stated  to  be  the 
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only  legttl  one.  This  is  the  bushel  now  used  at  the  port  of 
Lo^on»at  Mark*ltne, end  at  Guildhall;  and  yet  it  docs 
not  exactly  agree,  either  in  shape  or  contents,  with  the 
Mandard  bushel  at  the  Exchequer. 

As  to  the  different  kinds  of  weights,  the  committee  re- 
commended that  the  troy  pound  should  be  made  the  unit 
or  standard,  by  which  the  avoirdupois  and  other  weights 
should  be  regulated ; because  it  is  the  weight  best  known 
to  our  laws,  and  that  which  has  been  longest  in  use;  that 
by  which  our  coins  are  weighed,  and  which  is  best  known 
to  the  rest  of  the  world;  that  to  which  our  learned  coun- 
trymen have  referred,  in  comparing  ancient  and  modern 
weights;  and  that  which  has  b^ii  divided  into  the  smallest 
proportions  or  parts. 

Indeed  this  pound  (called  by  tho  Romans  the  pondus 
or  weight,  and  also  the  libra  or  balance,)  is  the  most  ge- 
neral standard  or  unit  for  weights,  as  the  foot  is  fur  mea- 
sure's ; and  it  is  remarkable  that  both  have  been  divided 
into  the  same  number  of  ^qual  parts,  and  that  their  divi- 
sions were  anciently  called  by  the  same  name,  uncia, 
which  signifies  the  12th  part  of  a whole.  Hence,  the  ounce 
and  inch  have  one  common  derivation,  the  former  being 
called  uncia  libnc,  atul  the  latter  uncia  pedis. 

The  committee,  having  found  some  variations  in  the  di- 
visions and  multiples  of  the  standard  troy  pound  ut  the 
Tower,  caused  it  to  be  dinded  into  halves,  quarters, 
eighths,  Ac,  down  to  the  1000th  part  of  a grain.  These 
divisions  were  made  with  so  much  accuracy,  as  to  answer 
their  due  proportions  in  every  possible  combination;  arid 
for  the  purpose  of  ascertaining  them  with  the  grcate^it  cor- 
rectness, a very  curious  weighing  apparatus  was  con- 
structed by  Mr.  Dird,  which  is  still  carefully  preserved  in 
the  Mint.  It  is  adapted  to  hve  different  beams,  winch 
ascertain  the  weights  from  12  ounces  down  to  I grain,  and 
with  so  much  exactness  as  to  discern  an  error  to  the 
2000th  part  of  a grain.  By  this  apparatus  it  has  been 
found  that  the  brass  siandanl  avoirdupois  pound,  kept  in 
the  Mint,  weighed  .exactly  7000  grains;  and  it  was  fur- 
ther ascertained  that  this  pound  perfectly  agreed  with  the 
bell  standard  pound  (of  1586)  at  the  Exchequer,  and  also 
with  the  bell  standard  pound  at  Guildhall. 

The  Royal  Society  of  London  have  paid  very  laudable 
attention  to  tlic  subject  of  weights  and  measures,  at  dif- 
ferent periods,  particularly  in  I7ff8,  under  the  manage- 
ment of  Or.  Maskelyne  the  astronomer-royal,  and  in  1799, 
under  that  of  Sir  George  Shuckburgh  ; as  may  be  seen  in 
the  Philos.  Trans,  of  those  years.  And  the  same  bna  been 
done  by  the  Society  of  Arts  in  London,  as  before  noticed. 

In  1802,  M.  Pictet,  professor  of  philosophy  at  Geneva, 
made  the  following  trials  of  the  different  English  standards 
of  length,  by  a sc^e  constructed  with  great  accuracy  by 
Mr.Troughton,  of  London  ; and  by  means  of  a comparer 
made  by  the  same  ingenious  artist,  capable  of  showing 
differences  to  the  10,000th  part'of  an  inch.  The  follow- 
ing results  were  from  trials  made  on  several  standard 
yards,  in  the  temperature  of  62^  of  FahrenheiTs  thermo- 
meter. 

Purliamentary  standard  of  1758»  by  Bird  36'00023l«hei- 
Royal  Soc*ict/s  ditto,  also  made  by  Bird  9d'999<^5 
Ditto,  by  Mr.  Graham  • - • S6'U0130 

Exchequer  standard  ...  35*99380 

Tower  standard  - 3(>‘00400 

General  Roy’s  do.  (for  the  trigon.  survey)  36*00036 

The  above  siatemept  was  presented  by  ^L  Pictet  to  the 


National  Institute  of  France;  when,  by  several  trialswith 
the  same  apparatus,  the  new  French  metre  was  found  to  be 
30*37 1 English  inches.  Which  in  1 800  had  been  found  by 
the  Royal  Society  of  London  to  be  39*3702,  from  a com- 
porisou  with.two  toises  tent  by  M.  Lalande  to  Dr.  Maske- 
lyne.  Sec  the  article  Wkights,  also  Kelly's  Universal 
Cambist. 

In  the  spring  of  the  year  1814,  the  English  parliament 
again  took  into  consideration  the  forming  general  stand- 
ards of  uniform  measures  and  weights,  which  might  be 
conveniently  used  in  all  the  British  dominions.  For  this 
purpose,  a committee  of  their  members  was  appointed, 
who,  after  consulting  and  examin^some  learned  acien- 
tihe  men,  delivered  in  their  report,  foe  results  of  which  are 
the  following:  , 

J.  The  committee  recommended  that  the  brass  stand- 
ard yard  kept  in  the  Court  of  Exchequer  should  be 
adopted  and  considered  as  the  original  standard  ineaiurc ; 
as  divided  into  3 feet,  and  each  fool  into  12  inches,  or  the 
yard  36  inches. — 2.  The  comroittev  then  assert  that  the 
simple  pendulum  vibrating  seconds  in  iho  latitude  of  Lon- 
don, in  the  (craperaiure  of  56^  degrees  of  Fahrenheit’s 
ihvrmoim  ter,  has  been  found  to  measure  39‘13  such 
inches.— 3.  1 hat  a cubical  foot  of  pure  or  distilled  water 
wcigb&Jusc  U>L>0  ounces  avoirdupois;  and  that  therefore 
the  avoirdupois  weight  will  be  the  most  convenient  to 
adopt  for  the  gcikeral  wciglit  of  the  country,  the  pound 
bring  divided  into  l6  ounces,  and  the  ounce  into  |6 
drachms.  That,  as  a cubical  foot  of  water  weighs  1000 
ounces,  therefore,  by  proportion,  the  pound  or  iffouticea 
of  water  will  contain  27*648  cubic  inches;  from 
all  other  weights,  above  and  below  the  pound,  are  to'tm 
estimated  proportionally.— 4. Tbat»as  the  standard  weights 
are  thus  derived  from  the  lineal  measures,  so  the  measures 
of  capacity  are  recommended  to  bcdcKvcd  from  the  stand- 
ard weights,  in  (his  manner;  vis,  that  the  gallon  roeasarc 
shall  contain  10  pounds  weight  of  water;  consequently  that 
the  table  of  measures  of  capocity  will  be  as  follows : 

The  gallon  of  10  lb.  s <76*48  cubic  inches. 

The  bushel  = 8 gallons  s 80  lb.  = 2211*84  cub.  inch. 

The  quart  = } gallon  ss  40  os.  = 69*12  cub.  inch. 

The  pint  = j-  gallon  = 20  ox.  = 34*56  cub.  inch. 

Tbe  half  pint  = 10  os.  = 17*28  cub.  in.  or 

T^ofacub.ft. 

For  the  committee's  report  at  large,  see  the  Philosophi- 
cal Magasino,'vol.  44,  pa.  171. 

The  several  measures  used  in  England,  are  as  in  the  fol- 
lowing tables  : 

I . EngliiU  Long  Metuure. 

Barley  Corns 

3 = 1 Inch 

36  s 12  a I Foot 

108  s S6  = 3 = I Yard 

594=  108=  I6k=  1 Pole 

23760  = 7020  = 660  s 220  s 40  = I Furlong 

100082  = 63360  = 3280  =1760  =320  = 8 = lMilc 
Also,  4 Inches  = 1 Hand 

6 Feel,  or  2 yds  = I Fathom 
3 Miles  = 1 League 

60  Nautical  orGcograph.  Miles  = I Degree 

or  Statute  Miles  = 1 Degree  nearly 

360  Degrees,  or  24,864  Miles  nearly' = the  cir- 
cuntference  of  tbe  meridiaxi. 
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S.  Cloth  Afe/iwrr. 

Inches 

2|  = 1 Nail 
0 = 4=1  Quarter 
* 36  = 16  = 4 =a  i Yard 

27  =:  12  = 3 s 1 Ell  Fleroiah 

45  =5  20  = 3 ss  1 £11  English 

54  = 24  = 6 = 1 £11  French. 

, . 3.  Sguare  Measure, 

Inches  ’ 

144  = 1 Foot 

1296  = 9 = 1 Yard 

39204  = 272^  ^ 30|  = 1 Pole 

1569100  = 10890  =1210  = 40  = I Rood 

0272640  = 43560  = 48 10  100  = 4 = |,  Acre. 

4.  Solidf  or  Cubical  Afeasio-c. 

Inches 

1728  = 1 Foot 
46636  = 27  = I Yard 

5.  Wint  Metwtre. 

2 = 1 Quart 

8 = 4 = 1 Gallon  = 231  Cubic  Inches  * 

336  = 108  =z>  42  = 1 Tierce 
504  = 252  = 3 = l|  = 1 Hogshead 

672  = 330  = ^4  = 2 = 1|  = 1 Puncheon 

1008  = 504  = 120  = 3 = 2 = 4 = I Pipe 

2016  = 1008  = 252  = 6 = 4 = 3 = 2 = 1 Tun. 


Also,  231*  Cubic  Inches  = 1 Gallon 

10  Gallons  s 1 Anker 

IS  Gallons  = 1 Runlet  '' 

34  Gallons  = 1 Barrel. 

0.  Ale  and  Beer  Measure* 

Pints 

2 ^ I Quart 

8 = 4 = I Gallon  = 282  Cubic  Inches 

72  = SO  = 9=1  Firkin 

144  = 72  = 18  = 2 = 1 Kilderkin 

288  = 144  = 36  = 4 = 2 = 1 Barrel 

432  = 216  = 54  = 6 = 3 = 4 = 1 Hogshead 

576  = 288=  72=  8=4  = 2 =4  = iPuncheon 

8G4  = 432=  108  = 12  = 6 = 3 =2  = 4 = lButt 

Note,  The  Ale  gallon  contains  282  inches. 

7.  Dry  Measure. 

Pints 

8 = 1 Gallon  = 208^  Cubic  Inches 

16=  2 = I Peck 

64  = 8 = 4=1  Bushel 

256  = 32  = 16  = 4 = I Coom 

512  = 64  = 32  = 8 = 2 = 1 Quarter 

2560  = 320  = 160  = 40  = 10  = 5 =1  Wey 

5120  = 640  = 3^0  = 80  = 20  = 10  = 2 = 1 

Also,  268^  Cubic  Inches  = 1 Gallon, 
and  36  Bushels  of  C^als  = I Cnaldron. 


8.  Proportion  the  Long  Meaiures  of  eeveral  Nations  to  the  ‘English  Foot. 


, 

TlKKiMniltb 

ThnQMtwJib 

Piru. 

P»n». 

English 

. 

foot 

1000 

ri'ooo 

tmsterdam 

• 

cll 

2269 

27*228 

Paris 

- 

foot 

lOfiJJ 

12*792 

\ntwerp 

- 

• ell 

2273 

27*276 

Rynlaad,  or  Leyden 

foot 

1033 

I2*3u6 

Rvniand,  or 

Leyden 

- ell 

2260 

27*120 

Afnsterdam 

foot 

942 

1 1*304 

Frankfort 

- 

• ell 

1826 

21*912 

Brill 

fool 

1 Icj3 

13*236 

Hamburg 

- 

- ell 

1905 

22*860 

Antwerp  • 

fool 

946 

11*352 

Leipstc 

- 

- - ell 

2260 

27*120 

Dort 

fool 

1164 

14*208 

Lub«7ck 

• 

. ell 

19OS 

22*896 

Lorrain 

fool 

9S8 

11-4U6 

Nuremburg 

- - cU 

2227 

26*724 

Idechlin 

foot 

919 

1 1 -028 

Bavaria 

. 

- - ell 

954 

11*448 

Middleburg 

foot 

991 

11*892 

Vienna 

- 

* - ell 

1053 

12*636 

Sirasburg 

foot 

920 

11*040 

Bononia 

- 

- ell 

2147 

25*764 

Bremen 

fool 

964 

1 1*568 

Uantzic  * 

- 

- - ell 

1903 

•22*836 

Cologn 

foot 

954 

1 1-448 

Florence 

Brace  or  cll 

1913 

22*956 

Frankfort  ad  Meoum 

foot 

948 

11*376 

.Spanish,  or  Castile 

• • palm 

751 

9*012 

^anisb 

fool 

1001 

I2-OI2 

Spanish 

- 

• vare 

3004 

36*040 

Toledo 

foot 

899 

10*788 

Lisbon 

- 

- - vare 

2750 

33-000 

Roman 

fool 

907 

1 1*604 

'Gibraltar 

- 

- vare 

2760 

33*120 

On  the  monument  of  ) 

11-66+ 

; loledo 

. 

- rare 

26s3 

32*220 

Cestius  Sutilius  ) 

f palm 

861 

10*332 

Bononia 

fool 

120+ 

14*448 

Naples 

- 

■<  brace 

2UI0 

25*200 

Mantua 

foot 

1A69 

18*838 

^ canna 

6880 

82*560 

Venice 

foot 

1102 

13*9H 

Genoa 

. 

- - palm 

830 

9*960 

Bantaic 

foot 

944 

11*328 

Milan 

- 

- calamus 

G>44 

78*528 

Copenhagen 

fool 

965 

1 1*580 

Parma 

- 

- cubit 

1 866 

22*392 

Prague 

foot 

1026 

12*312 

China 

- 

- - cubit 

1016 

12*192' 

Riga 

fool 

1831 

21*972 

Cairo 

- 

- “ cubit 

IH24 

21*888 

Turin 

fool 

1002 

12*7  44 

U)l(l  Babylonian 

- - cubit 

1520 

18*240 

The  Greek 

foot 

1007 

12*084 

()ld  Greek 

- 

• • cubit 

1311 

18*132 

Old  Roman 

foo 

970 

1 1*640 

1 Old  Roman 

• 

- - cubit 

1438 

I7-+98 

Lyons 

el 

3987 

47*604 

|{  Turkish 

- 

• - pike 

2200, 

26*400 

Bologna  “ • 

- 

el 

• 2078 

24*912 

1 Persian 

- 

* arash 

3197 

38*364 
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MEASURING,tbc  Mine  as  Mensuratiox. 

MECHAlhf  (PieRar.'FaAtf^oiS'AxDRE),  a member 
of  the  National  Inhiituu*,  and  uf  the  Board  of  LongUudCt 
T.  R*  8.  Lorui.  wiis  born  in  the  department 

of  Aisne,  April  )(>*  J744,  ami  died  in  the  province  of 
Valencm«in  Spain,  of  an  epidemic  di»order,  as  he  was  pro- 
secuting the  nictsureiucni  of  an  arc  of  the  meridian,  Sept. 
20,  1805-— 'Having  show  n at  an  early  age  a good  taste  f^or 
mathcmaljcs,  Mechain  was  sont  to  Pans,  where  he  was 
patronised  by  M.  LulanJe,  was  entered  in  the  depi)!  of  the 
marine,  and  afterwards  mnie  two  ^oyage^  with  M.  Brc- 
tomiiere,  to  survey  the  coasts  of  France  from  Neuport  to 
St.  Malm  s.  The  first  memoirs  which  made  him  known  as 
an  astronomer,  were  tin  the  occuliation  of  AUlebaran, 
which  had  btvn  «ibserved  in  1^44,  on  the  great  volipse  of 
tbesun  in  1778/  and  on  the  opposition  ol  Juptu-rin  1779- 
After  this  })enod,  he  rapidly  ndvunced  toceicbrfiy.  became 
in  1782  a member  of  the  Frimch  Academy,  and  in  1785 
was  intrusted  with  the  direction  of  the  Conimissance  dcs 
Temps,  the  volumes  of  which,  from  1788  to  1/5)4,  were 
greatly  eniicht  d b)  his  inctnou’s — He  was  also  united  with 
MM.  Cassini  and  (.egendre  in  measuring  a u^ries  of  trian- 
gles, to  correspond  with  thost*  of  tiic  I'.nghsh  mathemati- 
cians, for  the  purpwe  uf  rectifying  Iht*  relative  positimui  of 
the  observatories  of  Gree  nwich  and  Paris ; of  which  .Mc- 
ebain  gave  details  in  th<-  Memoirs  of  the  Acuilemy.  When 
the  Acatleiu)  also  was  consulted  by  (he  (‘onslitucnt  As- 
sembly, on  the  choice  of  a new  symem  of  meaHures,  and 
proposed  for  the  ba'^e  of  this  meuvun^  a quarter  of  the 
earth’s  meridian,  the  length  of  which  arc  was  to  be  ascer- 
tained With  the  greatest  possible  exactness,  M.  Mechain 
was  on<-of  those  who  were  appoint*  d to  this  im|H>rUiiit  un- 
dertaking. I he  arc  propos'd  to  be  meavored,e.\[ended 
from  Dunkirk  to  Barcelona, 'which  he  continued  to  labour 
upon  (til  175)8,  when  he  returned  to  Pariv.  But,  to  com- 
plete that  work,  he  wished  (o  continue  it  a>  far  as  the 
Balearic  Klaints,  fur  which  purpose  hr  set  out  again  in 
1803.  He  had  already,  with  vast  difficulty,  revisited  all 
the  st8(i«m»,  and  cumphded  the  observations  at  throe  of 
them,  wht  n he  was  cut  off  by  I fever  which  prevails  every 
year  on  the  coast  of  Valencia,  by  reason  of  the  morasses 
produced  from  the  overflowing  of  the  rivers. 

In  his  character,  M.  Mechain  is  represented  as  remark- 
ably modest  and  silent,  seldom  sp<*okingal  the  meetings  of 
the  soeieiy.  Bdore  his  last  expedition  it  5M‘ems  he  in- 
trusted to  M.  DeU'iihre  all  his  registers  and  manuscripts, 
extracts  from  vthirh,  it  is  said,  will  contribute  more  to 
Meebain’s  praivethan  the  mnst  eloquent  oration. 

MEClI.AMi.S,  a mixed  mathematical  science,  that 
treats  of  f«»rccs,  motion,  and  moving  powers,  with  their 
effects  in  machines.  &c.  The  science  of  mechanics  is 
distinguished,  by  Sir  Iwmc  Newton,  into  practical  and  ra- 
tional ; .the  former  treats  of  the  mechanical  powers,  and 
of  their  varioun  eombinutiont ; the  latter,  or  mlionat  me- 
chanics, comprehendH  the  whole  theory  und  doctrine  of 
forces,  with  the  motions  and  effects  pruciiiced  by  them, 

'I'hat  part  of  mechanics  which  tri'ntsof  the  weight,  gra- 
vity, an«l  eqijilihrium  of  Imilies  ami  powers,  is  called 
statics;  as  Hi^imguiMicd  from  that  part  %vhich  con<«iders 
the  niech:iiiioi|  powers,  und  their  uppltculion,  which  is 
pro|MTly  call"d  mechanics. 

Some  of  the  principles  of  statics  were  established  by 
ArchiM-.edes,  in  nit  Treatise  on  the  Centre  of  Gravity  of 
Plane  FigufL's ; U sides  which,  little  more  on  mechnnics  is 
to  be  found  in  tlie  writings  of  the  aocteots,  except  what  is 


] 

contained  in  the  8ih  book  of  Pappus’s  Mathematical  Col- 
lections, concerning  the  five  meclkenical  powers.  Galileo 
laid  the  best  foundation  of  mechanics,  when  he  investigated 
the  descent  of  heavy  bodies  ; and  since  bis  time,  by  the 
assistance  of  the  new  methods  of  cumputaiiun,  a great  pro- 
gress has  been  made,  especially  by  Newton,  in  his  Princi- 
pia.  which  is  a general  treatise  on  rational  and  physical 
mechanics,  in  its  largest  extent.  Other  writers  on  this 
science,  or  some  branch  of  it,  are,  Guido  Ubaldus,  io  his 
Liber  Mcchanicurum  ; Torricelli,  Ubri  dc  Moio  Gravium 
naiuralitcr  Descendentium  rt  Projectorum  ; Bantnui, 
Traclatus  de  Motu  natunili  Gravium  ; Huygens,  Horolo- 
gium Oscillaiorium,  and  'I'ractatus  de  Moiu  Cor|ionun  ex 
Pcrcussiunc;  Leibnitz,  Hesistcnlia  Snlidurum,  iti  Acta 
F.rudilor.  an.  16'S4;  Guldinus,  4)e  Centro  Gravitatii; 
Wallis,  'Fractatus  de  ^^echanicu;  ^'a^guon,  Projet  d'unc 
Nouvellc  Mechanique,  and  bis  pajicrs  in  the  Memoir. 
Acud.  an.  1702;  Borelli,  Tractaius  De  Vi  Percussionis, 
De  Motinnibus  Naturalibus  a Gravitate  j^tidcntibus,  and 
De  Motu  Animaliuro  ; De  Chales,  Treutiscon  Motion; 
Pardics,  Discourse  of  Local  Motion  ; Parent,  F.lements  of 
Mechanics  and  Physics  ; Casatus,  .Mcchaniru ; Oiightred, 
Mechanical  Institutions;  Kohault,  Traclatus  dc  Mcchu- 
nica ; l>amy,  Mechanique ; Kcill,  Introduction  to  (rue 
Philo'*ophy  ; Labire,  Mechanique;  Mariotter  Trait4  du 
Choc  des  Corps;  Ditluii,  Laws  of  Motion;  Herman, 
Phoronomm  ; Gravesande,  Physics;  Kuler,  I raclatus  do 
IVfoiu  ; Musscheiibrwk,  Physics;  Bossut,  Mechanique; 
De-aguliers,  Mechanics;  Howning,  Natural  Philosophy ; 
Kinerson,  Mechanics;  Purkinson,  Mechanics;  Lagrange, 
Mechanique  Analytique;  Nicholson,  Introduction  to  Na- 
tural Philosophy;  Lufield.  Institutes  of  Natural  Philoso- 
phy, &c,  8cc  As  to  the  Description  o|  Machines,  see 
Slrada,  Zcisingius,  Besson,  Augustmede  Kameiiu,  Boetler, 
Leopold,  Slurmy,  Perraull,  Limbi-rg,  Kiucrson,  Uoyal 
Academy  of  Scienci-s,  Gregory’s  Mechanics,  &c. 

In  in-iiting  of  machines,  we  should  consider  the  weight 
(hat  is  to  be  raised,  the  power  by  which  it  is  to  be  raised, 
and  the  instrument  or  engine  by  which  this  effect  is  to  be 
produced.  And,  in  tri*atmg  of  these,  there  are  two  prin- 
cipal problems  that  present  themselves:  the  first  is,  to  de- 
termine (he proportion  which  the  power  and  weight  ought 
to  have  to  each  other,  that  they  may  just  be  in  cquilibrio  ; 
the  second  is,  to  determine  what  ought  to  bi*  the  proportion 
bq^wcH-n  the  power  and  weight,  that  a machine  may  pro- 
diK'ethe  grentestcffecl  inu  given  time.  All  writers  on  me- 
chanics treat  on  the  first  of  these  problems  ; but  tew  have 
considered  the  second, though  nolirss  umTuI  than  (beoihcr. 

As  to  the  first  problem,  this  general  rule  holds  in  alt 
powers,  namely,  that  when  the  powtT  and  weight  are  reci- 
procally proportional  to  the  distances  of  the  directions  in 
which  they  act,  from  the  centre  of  motion;  or  when  the 
product  uf  the  power  by  the  distance  of  its  direction,  is 
equal  to  the  product  of  the  weight  by  the  distance  of  its 
direction  ; this  is  the  case  in  which  the  |K>«er  and  weight 
sustain  each  other,  and  are  in  cquilibrio;  so  that  the  one 
would  not  prevail  over  the  other,  if  the  engine  were  at 
rest ; ami  it  it  were  in  motion,  it  would  cuntinur  to  pro- 
ceed uniformly,  if  it  were  not  for  the  friction  of  its  paria^ 
and  other  resistances.  And,  in  general,  ihe  effect  of  anyr 
]Hnver,  or  force,  is  as  (be  product  of  that  lorcc  multiplied 
by  iho  distance  of  its  direction  from  the  centre  of  motion, 
or  the  product  of  the  power  and  its  velocity  when  in  mo- 
tion,since  this  velocity  is  proporitunal  to  the  distance  from 
that  centre. 
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Maximum  ffftcts  of  AtachiM. — This  M^con(l  general 
problem  in  mecbantcj^  i$»io  determine  the  proportion  be- 
iwren  the  power  and  weight,  bo  that  when  ihe  power  pre- 
vails, and  (he  machine  is  in  motion,  the  greatest  eflect  pos- 
sible may  be  produced  by  it  in  ag[ven  time.  It  is  manitest, 
that  this  is  an  inquiry  of  the  greatest  importance,  though 
few  have  treati  d of  it.  When  the  power  is  only  a little 
greater  than  wlint  is  sufficient  to  sustain  the  weight,  the 
motion  usually  is  loo  slow;  and  though  a greater  weight 
he  rai&i'd  in  this  case,  it  is  not  sufficient  tocumiKnsatefor 
the  loss  ot  time.  On  the  other  hand,  when  the  power  is 
much  gn-ater  than  what  is  sufficient  to  sustain  tlie  weight, 
this  is  raised  in  less  lime;  hut  it  may  happen  that  this  is 
not  sufBcienl  to  compensate  for  the  loss  arising  from  the 
smallness  of  the  load.  It  ought  therefore  to  be  determined 
when  the  product  of  the  weight  multiplied  by  its  veltKity, 
is  the  greatest  jHissiblc  ; for  this  product  incasuri's  the  ef- 
fect of  the  engine  in  a given  tirae,  which  is  always  the 
greater  in  proportion  both  as  the  weight  is  greater,  and  as 
its  velocityis  grt-aier.  Fur  .some  calculuriuns  on  ihispro- 
blem,  sec  MacUurins  Account  of  Newton's  Discoveries, 
pa.  171,  vStc;  also  his  Fluxions,  art.  <K)8  \*c;  Gregory's 
Mechanics;  aUo  vol.  3 of  uiy  Course  of  Mathematics, 
chap.xi.  And,  for  the  various  properties  in  mechanics, 
see  the  several  terms  Motiok,  Fouce,  Mechanical 

• l’owi:a%  Lever,  6cc. 

MfXllANlC,  or  Mkchaxical,  something  relating  to 
mechanics,  or  regulated  by  the  nature  and  laws  of  motion. 

Mecii.kSiCAi.  is  also  used  in  mathematics,  to  signify  a 
construction  or  proof  of  some  problem,  not  done  in  an  ac- 
curate and  geometrical  inanuer,  but  coarsely  and  unart- 
fully.  or  by  the  assistance  of  instruments;  as  arc  most 
problems  relating  to  the  duplicature  of  the  cube,  and  the 
quadrature  of  the  circle. 

Mechanical  ^ff(ctian»,  such  properties  in  matter,  as 
result  from  their  figure,  bulk,  and  motion. 

Mechanical  Catucs,  are  such  os  are  founded  on  Me- 
chanical Affections. 

MixuanicaL  Caret,  called  also  TVaiivcmdenin/,  is  one 
whos(*  nature  cannot  t>c  expressed  by  a finite  algebraical 
equation. 

Miu'UaNICaL  Philoxnfky,  also  called  the  CorpuKular 
PhiUisophjf,  is  that  which  explains  the  phenomena  of  na- 
ture, and  the  o(>erationi  of  corporeal  things,  on  the  princi- 
ples of  mechanics ; vis,  the  motion,  gravity,  Agure,  ar- 
rangement, disposition,  greatness,  or  smallness  of  the  parts 
which  con<pose  natural  hodies. 

MeCh  ANICAL  Solution,  of  a problem,  is  either  when  the 
thing  is  done  by  repeated  trials,  or  when  the  lines  used  in 
the  solution  are  not  truly  geometrical,  or  by  organical 
construction.  « 

Mechakical  P(Tj.xTt,  arc  certain  simple  machines 
which  an‘  used  for  raising  greater  weights,  or  overcoming 
greater  yesistanci-s  than  could  be  effected  by  the  natural 
stnnglh  without  them. 

Th<^  simple  machines  are  usnally  ‘accounted  six  in 

• number,  viz,  the  lever,  the  wi.^eUand-axle,  or  axis  in 
p<'ritrochio,  the  pulley,  the  inclined  plane,  the  wedge, 
md  the  screw.  Of  the  v'arious  combinations  of  these 
simple  pc»wers  do  all  engincv,  or  compound  machines  con- 
aivi:  and  in  Itt'aiiiig  of  ihem,  so  as  to  settle  their  theory 
and  propertie>,  they  arc  considered  as  maihcmaiically 
exact,  or  void  of  weight  and  thickness,  and  moving  with- 
out friction.  See  the  properties  aud  ilemonsiratiuns  of 
each  of  these  under  the  several  words  Llver,  &c.  To 


which  may  be  added  the  following  general  obMrvations  dn 
them  all,  m a connective  way.  •**  " 

1.  A Lever,  the  most  simple  of  all  the  mechanic  powers, 
is  an  tnginc  chiefly  used  to  raise  large  weights  to  small 
heights ; such  as  a handspike,  when  of  wood ; and  a crow 
when  of  iron.  In  theory,  a lever  is  considered  as  an  in- 
flexible line,  like  tbc  beam  of  a balance,  and  subject  to  the 
same  proportions ; only  that  the  power  applied  to  it,  is 
commonly*  an  animal  power;  and  from  the  different  ways 
of  using  It,  or  applying  it, "it  is  called  a lever  of  the  flrsl, 
second,  or  third  kind:  viz,^jOf  the  1st  kind,  when  the  * 
weight  is  on  one  side  of  the  prop,  and  the  power  on  the 
other;  of  the  ?d  kind,  when  the  weight  is  between  the 
prop  and  the  power;  and  of  the  3d  kind,  when  the  power 

is  bctwx“en  the  prop  and  the  weight. 

Many  of  ihu  instruments  in  common  use,  are  levers  of 
one  of  the  three  kinds;  thus,  pincers,  sheers,  forccjis, 
snuffers,  and  such  like,  are  compounded  of  two  levers  of 
the  first  kind  ; for  the  joint  about  which  they  move,  U the 
fulcrum,  or  centre  of  motion;  ihh  power  ia  applied  to  the 
handles,  to  press  them  together;  and  the  weight  is  the 
body  which  they  pinch  or  cut.  'The  culiing-knivcs  used 
by  druggists,  patten-makers,  block-makers,  and  some  other 
trades,  arc  lever*  of  the  2d  kind  : for  the  knife  is  fixed  by 
a ring  atone  end,  which  makes  the  fulcrum,  or  fixed  point; 
while  the  Ollier  end  is  moved  by  the  hand,  or  power;  and 
the  body  to  be  cut,  or  the  resistance  to  be  overcome,  is  the 
weight.  Doors  are  levers  of  the  2d  kind ; the  hinges  being 
the  centre  of  motion ; the  hand  applied  to  the  lock  is  the 
power;  while  the  dtior  or  weight  lies  between  them.  A 
pair  of  bellows  consists  of  two  levers  of  the  2d  kind  ; the 
centre  of  motion  is  where  the  ends  of  the  boards  are  fixed 
near  the  pipe;  the  power  is  applied  at  the  handles;  and 
the  air  pressed  out  from  between  the  boards,  by  its  re- 
sistance, acts  against  the  middle  of  the  boards  like  a weight. 
The  oars  of  a boat  arc  levers  of  the  2d  kind:  the  fixed 
point  h the  blade  of  the  oar  in  the  water;  the  power  is 
the  hand  acting  at  the  other  end ; and  the  weight  to  be 
moved  is  the  boat.  And  the  same  of  the  rudder  of  a 
vessel.  Spring  sheers  and  lon^  arc  lever*  of  the  3d  kind; 
where  the  centre  of  muliun  is  at  the  bow-spring  at  one 
end ; tbc  weight  or  resistance  is  acted  on  by  the  other 
end  ; and  the  hand  or  power  is  applied  between  the  ends. 

A ladder  raised  by  a man  against  a wall,  is  a lever  of  the 
3d  kind  : and  so  are  also  almost  all  the  ^ncs  and  fQusclti 
of  animals. 

In  all  levTrs,  the  eflbct  of  any  power  or  weight,  is  loth 
proportional  10  that  ]>ower  or  weight,  and  alio  to  its 
distance  from  the  centre  of  motion.  And  hence  it  is  that, 
in  raising  great  weights  by  a lever,  we  choose  the  longest 
levers ; and  also  rest  it  upon  a point  as  far  from  the  hand 
or  power,  and  as  near  to  the  weight,  as  possible.  Hence 
also  there  will  be  an  equilibrium  between  the  power  and 
weight,  when  those  two  products  are  equal,  viz,  tbc  power 
multiplied  by  its  distance,  equal  to  the  weight  multiplied 
by  its  distance ; that  is,  when  the  weight  and  power  are 
to  each  other  rcciproculiy  as  their  distances  from  the  fuU 
Cfuin  or  fixed  parts. 

2.  The  Jiit  in  Peritrochio,  or  Wheel  and  Axle,  is  a sim- 
ple engine  consisting  of  a wheel  fi.\pd  upon  the  end  of  an 
axle,  so  that  they  both  turn  round  together  in  tbc  same 
lime.  This  engine  may  be  refcrrvd  to  the  lever:  for  the 
centfx’  of  the  axis,  or  wheel,  is  the  fixed  point ; tbc  radius 
of  the  wheel  is  the  distance  of  the  power,  acting  at  the 
circumference  of  the  wheel  from  that  point;  and  the 
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radiui  of  the  axle  U the  dntance  of  the  weight  from  the 
same  point.  Hence  (he  effect  of  the  power,  independent 
of  its  own  natural  intensity,  is  as  the  radius  of  the  wheel ; 
and  the  eBect  of  the  weight  is  as  the  radius  of  the  axle: 
so  that  the  two  will  be  in  cquilibrio,  wht;n  the  two  pro* 
ducts  arc  equal,  which  are  made  by  multiplying  each  of 
these,  the  weight  and  power,  by  tim  radius,  or  distance  at 
which  it  acts ; and  then  also,  the  weight  and  power  are 
reciprocally  proportional  to  those  radii. 

In  practice,  the  thickness  of  the  rope,  that  winds  upon 
the  axle,  and  to  which  the  weight  is  fastened,  is  to  be 
considered : which  is  done,  by  adding  half  its  thickness  to 
the  radius  of  the  axis,  for  its  distance  from  the  fixed  point, 
when  there  is  only  one  fold  of  rope  upon  the  axle  ; or  as 
many  times  the  thickness  as  there  arc  folds,  wanting  only 
one  half  when  there  are  several  folds  of  the  rope,  one  over 
another:  which  is  the  reason  that  more  power  must  be 
applied  when  the  axis  is  thus  thickened  ; as  often  happens 
in  drawing  water  from  a deep  and  narrow  well,  over  which 
a long  axle  cannot  be  placed. 

If  the  rope  to  which  the  power  is  afiixed,  be  successively 
applied  to  different  wheals,  whose  diameters  are  larger  and 
larger ; the  axis  will  be  turned  with  still  mure  and 
more  eose,  unU'ss  the  intensity  of  the  power  be  diminished 
in  the  same  proportion  ; and  if  so,  the  axis  will  always 
be  drawn  with  the  same  strength  by  a power  continually 
diminishing:  as  is  the  case  in  spring  clucks  and  watches  ; 
where  the  spiral  spring,  which  is  strongest  in  its  action 
when  first  wound  up,  draws  the  fuiee,  or  continucfl  axis 
in  peritrochio,  first  by  the  smaller  wheels,  and  as  it  un- 
bends and  beCoim-s  weak,  acts  upon  the  larger  wheels,  in 
such  a manner  that  the  machinery  is  always  carried  round 
with  the  same  force. 

As  a small  axis  would  be  too  weak  fr>r  sery  great 
.weights,  and  a large  wheel  would  br  not  only  expensive, 
but  also  inconvenient  in  its  applimtiun,  requiring  more 
room  than  pi'rha|)S  could  be  spared  fot  it;  therrforr,  in 
order  that  the  action  of  the  power  may  be  increased, 
out  incurring  either  of  those  inconveniences,  a compound 
axis  in  peritmebio  is  used,  which  is  effi'Ctrd  bv  combining 
wheels  amt  axles  by  mains  of  pinions,  or  small  win  .-Is.  upon 
the  axles,  the  teeth  of  which  take  hold  of  teeth  made  in 
the  large  wheels;  as  is  seen  incbickn,  tacks,  ami  other 
compound  machines.  And  in  such  n Ctonhination  of 
wheels  and  axles,  the  effect  of  the  power  is  increasi'd  in 
the  ratio  of  the  continual  product  of  nil  the  a\l<%  or 
small  wheels,  to  that  of  all  the  large  ones.  'I  hus,  if  there 
be  two  small  wheels  and  an  axle,  turning  liir(*e  large 
wheels;  the  axle  being  2 inches  diameter,  and  each  of 
the  small  wheels  4 iuches,  while  the  large  ones  are  2 feet 
or  24  inches  diameter;  then  2 x 4 x 4 :=  32  is  the  con- 
tinual product  of  the  small  diameters,  and  24  x 24  x 24 
= 13824  is  that  of  the  large  ones;  therefore  15S24  to  32, 
or  432  to  1,  is  (he  ratio  in  which  the  power  is  increased  : 
and  if  the  power  be  a man,  whose  natural  strength  Is 
equal,  suppose,  to  150  pounds  weight,  then  432  x 150 

ff4600lb>  or  28ton  18cwt64lb,  is  the  weight  he  would 
be  able  to  balance,  su3|>ended  about  the  axle. 

3.  A Single  Pulletfy  is  a small  wheel,  moveable  round 
an  n\i%  called  its  centre  pin ; which  of  itself  is  notpro- 
I'crly  one  of  the  inechanicul  powers,  because  it  produces 
no  inctharucHl  advaamge^  exce])l  convenience;  for  as  the 
weight  hangs  by  one  end  of  the  cord  that  passes  over  the 
pulley,  ami  the  power  aete  at  the  other  end  of  the  same, 
these  act  at  equal  distances  from  the  centre  or  axis  of  mo- 


tion, and  consequently  the  power  is  equal  to  the  weight 
when  in  r<)ui]ibrio.  So  that  the  chief  use  of  the  single 
pulley  is  to  change  the  direction  of  the  power  from  up- 
wards to  downwards,  5cc,  and  lu  convey  bodies  to  a great 
height  or  distance,  without  a person  moving  from  liis  place. 
—But  by  combining  several  single  pulleys  together  a con- 
siderable gain  of  power  is  made,  and  that  in  proportion 
to  the  additional  number  of  ropes  made  to  pass  over 
them  ; while  it  possesses  at  the  same  time  the  properties 
of  a single  pulley,  by  changing  ibc  direction  of  the  action 
iu  any  manner. 

4.  The  Inclined  P/onr,  is  maile  by  planks,  bars,  or 
beams,  laid  aslope ; by  which  large  and  heavy  bodies  may 
be  more  easily  laiscd  or  lowered,  by  sliding  them  up  or 
down  the  plarsc ; and  the  gain  in  power  is  in  proportion 
as  the  length  of  the  plane  to  its  height,  or  as  radius  to  the 
sine  of  the  angle  of  inclination  of  the  plane  with  the  ho 
rison. — In  drawinga  weight  up  an  inclined  plane,  the  powe^ 
acts  to  the  greatest  advantage,  when  its  dircciiunU  parallel 
Co  the  plane. 

5.  7%e  which  resembles  a double  inclined  plane, 

is  very  useful  to  drive  in  below  very  heavy  weights,  to 
raise  them  but  a small  height,  also  in  cleaving  and  split- 
ting blocks  of  wood,  and  stone,  &c;  and  the  power  gain- 
ed, is  in  proportion  of  the  slam  side  to  half  the  thickne-ss 
of  ihe  back.  So  that,  if  the  back  of  a wedge  2 inches 
thick,  and  the  side  20  inches  lung,  any  weight  pressing 
on  the  back  will  balance  20  limes  as  much  aciiug  on  the 
side.  But  the  great  advantage  of  a wedge  lies  in  its  being 
urgeil,  not  by  pn*ssure,  but  usually  by  percussion,  as  the 
blow  of  a hnmmef  or  mallet;  by  which  misins  a wedge 
may  be  driven  in  below,  und  so  be  made  to  lift,  almost 
any  the  greau^t  weight,  as  the  largest  ship,  by  a man 
striking  the  buck  of  a wedge  with  a mullet. — ^I'o  (he  wedge 
may  be  referred  the  axe  or  hatchet,  the  teeth  of  saws,  the 
chisel,  the  auger,  the  spadi-  and  shovel,  knives  and  swords 
of  all  kinds,  hs  also  the  bodkin  and  needle,  and  in  short 
all  sorts  of  instruments  which,  beginning  from  txlgi-s  or 
points,  b<'Conie  gradually  thicker  as  they  lengthen;  the 
manner  in  which  the  power  is  applied  to  such  iiuirumcnts, 
b«'ing  tliffnent  according  to  their  different  shapes,  and  the 
various  uses  for.  which  they  have  been  contrived. 

6.  7'Ae.Sc/ru',  is  u kind  of  perpetual  or  endless  inclined 
plane;  the  power  of  which  is  still  f.irther  assisted  by  the 
addition  of  u handle  or  lever,  where  the  power  acts;  so 
that  the  gain  in  power,  is  in  the  proportion  nf  the  circum- 
ference described  or  passed  through  by  the  power,  to  the 
distance  betwei^n  thread  und  thrca<J  in  the  .screw.— The  ^ 
us(>s  to  w hich  tiic  screw  is  applied,  are  various  ; as,  the 
pressing  of  bodies  clc*sc  together;  such  as  the  press  for 
napkins,  for  bookbinders,  for  packers,  iiotprrssers,  &c.— 

In  the  screw,  and  the  wedge,  the  power  has  to  overcome 
both  the  weight,  ami  also  a very  great  friction  in  those 
machmea;  such  indeed  as  amounts  s<)metimes  to  as  much 
08  the  weight  to  br  raised,  or  more.  But  then  this  friction 

is  of  use  ill  retaining  the  weight  and  machine  in  its  place, 
even  after  the  power  is  taken  off. 

If  machines  or  engines  could  made  without  friction, 
the  least  degree  of  power  addcii  to  that  which  balances 
the  weight,  would  be  suHlcient  to  raise  it.  In  the  lever, 
the  friction  is  little  or  luilhing;  in  the  whcel  Hiid-uxIc,  it 
is  but  small ; in  pulleys*  »t  considerable;  and  in 

the  inclined  plane,  w edge,  luid  screw,  it  is  very  great. 

It  is  a gener.'il  property  in  all  the  mechanical  powers, 
that  when  tbc  weight  and  power  arc  regulaleii  so  ns  to 
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balance  each  other*  an«l  if  iliey  be  then  put  in  motion* 
the  power  ami  weight  will  he  lo  each  other  reciprocally 
a»  the  velocities  c»f  their  iiituitm,  or  the  power  is  to  the 
weight  as  (he  vehreily  of  the  weight  is  to  the  velocity  of 
the  power;  so  that  their  two  momenta  are  equal*  via,  the 
product  of  the  power  multiplied  by  its  velocity*  equal  to 
the  product  of  the  weight  multiplied  by  its  velocity. ^And 
hence  t<H>*  universally*  what  is  gained  in  power*  is  lust  iu 
time;  for  the  weight  moves  as  much  slower  ns  the  power 
IS  larger. 

Hence  also  it  is  plain*  that  the  force  of  the  power  is 
not  at  all  increased  by  engines-  only  the  velocity  of  the 
weight*  either  in  lifting  or  drawing,  is  so  diminished  by 
(he  application  of  the  instrument*  at  that  the  momentum 
of  (he  weight  is  nut  greater  than  the  force  of  the  power. 
Thus,  for  instance,  if  a force  can  raise  a pound  weight 
with  a given  velocity*  it  is  impossible  by  the  applicalion 
of  that  force  to  any  engine  to  raise  2 pounds  weight  with 
(he  same  velocity:  but  it  may  be  made  to  raisi'  2 pounds 
weight  with  half  the  velocity,  or  even  1000  times  the 
weight  with  the  l(KK)th  pait  of  the  velocity. 

Sec  Maclaurin's  Account  *of  Newton's  t’hiloc.  Discov. 
book  2*  chap.  3 ; ilamilton's  Philos.  Ess.  ) ; Philos.  Trans. 
53,  pa.  1 1(> ; or  Landen's  Memoirs*  vol.  1*  pa.  1 ; or 
Gregiiry’s  Mechanics*  vol.  1. 

.^lEdlANlSM*  either  the  ccTtistruction  or  the  ma- 
chinery employed  in  any  thing;  us  the  mechanism  of  the 
baromettr,  of  the  micr^l^^copc,  Jkc. 

MEDIETATES,  a term  greatly  used  by  Pappus,  and 
some  other  authors*  for  sets  of  proporlionaU,  biuh  urithme- 
tical,  geometrical,  and  harmonical.  See  Pappus*  lib.  3, 
prop.  1 to  prop.  27  ; also  Viviani  dc  Solidis  l>Kis,  lib.  3* 
pA.  8i  to  lOO;  and  Ulondcl  Uesuhuion  dcs  4 princip. 
Pfoblemes  d'Architecture,  pa.  37. 

MCI)IU.^I,  the  suniL*  as  Mean*  either  arithmetical*  geo* 
ractricul*  or  harmoiiicHl. 

Medium  denotes  also  that  space,  or  region,  or  fluid* 
^c*  through  which  a body  posses  in  its  motion  towards 
any  point.  Thus,  the  air,  or  atmosphere*  is  the  medium 
tn  which  birds  and  beasts  live  and  move,  and  in  which  a 
projectile  moves;  water  is  the  medium  in  which  fishra 
move ; and  ether  is  a supposed  subtile  medium  in  which 
the  pliitu'is  move.  Glass  is  also  called  a medium,  being 
that  through  which  the  rays  of  light  move  and  pass.  Me- 
diums resist  the  motion  of  bodies  moving  through  (hem*  in 
proportion  to  their  density  or  specific  gravity. 

Subtile  <ir  ^hrreal  Meoi  c M,  is  an  universal  one,  whose 
existence  is  by  Newton  render*^  probable.  He  makes  it 
universal ; and  vastly  raon*  rare*  subtile*  elastic,  and  active 
than  air;  and  by  that  means frc-cly  pcrmc-ating  the  pores 
and  interstices  of  all  other  mediums,  ami  diffusing  itself 
through  the  whole  creation.  By  the  intervention  of  this 
subtile  medium  he  thinks  il  is  that  must  of  the  great  phe- 
nomena of  nature  are  effected.  See  jEtiier. 

’I'his  medium  it  would  seem  he  has  n-roursc  lo*  as  the 
first  and  most  remote  physical  spring,  and  the  ultimate  of 
all  natural  cauH's  : by  the  vibrations  of  this  medium*  he 
supposes  that  heat  is  prupagatesl  from  lucid  bodies ; as  also 
the  KUenseness  of  heat  increased  and  preserved  in  hot  bo- 
dies, and  from  them  coromimicated  to  cold  ones.  By 
means  of  this  medium,  he  supfmses  that  light  is  retlecic*d, 
inflected*  retracted,  and  put  alternately  into  fits  of  easy  re- 
fle-ctioQ  and  transmission  ; which  effects  he  also  elsewhere 
ascribes  to  the  power  of  attraction;  so  that  it  would  seem, 
the  ethereal  medium  is  the  source  and  cause  even  of  at- 
traction itself. 


Again,  this  medium  being  much  rarer  within  the  heaven* 
ly  bodies,  than  in  the  heavenly  spaces,  and  growing  denser 
as  it  recedes  farther  from  them,  he  supposes  this  is  the 
cause  of  the  gravitation  of  these  bodies  towards  each  other* 
and  of  the  part^  towards  the  bodies. 

Again*  from  the  vibrations  of  the  same  medium,  excited 
in  the  bottom  of  the  e^^  by  the  rays  of  light*  and  thence 
propagated  through  the  capiliaments  of  the  optic  nerves 
into  thesensorium,  lie  supposes  that  vision  is  performed: 
and  so  likewise  hearing,  from  the  vibrations  of  ibis  or  some 
other  medium*  excited  in  the  auditory  nervcft  by  the  tre- 
mors of  the  air*  and  propagated  through  the  capiliaments 
of  those  nerves  into  the  sensorium : and  so  of  the  other 
senses. 

And  ngain,  he  conceives  that  muscular  motion  is  per^ 
formed  by  (be  vibrations  of  the  same  medium,  excited  in 
the  brain  at  the  command  of  the  will*  and  theiicc  propa- 
^u-d  through  the  capiliaments  of  the  nerves  into  the 
mu<.cles;  and  thus  comracting  and  dilAting  them. 

The  clastic  force  of  this  medium,  he  shows*  must  be 
prodigiously  great.  T.ight  moves  at  the  rale  of  considera- 
bly more  than  10  millions  of  miles  in  a minute  ; yet  the 
vibrations  and  pulsations  of  ibis  medium*  tocaus«»  the  fits 
of  easy  reflection  and  transmission,  must  be  swifter  than 
light*  which  is  yet  7 hundred  thousand  times  swifter  than 
sound.  Its  elastic  force  therefore*  in  pro]>oriion  to  its 
density,  must  be  above  490,000  million  of  times  greater 
than  the  elastic  force  of  the  air,  in  proportion  to  its  den- 
sity; the  velocities  nnd  pulses  of  (he  clastic  mediums 
bt-iiig  in  a subduplicatc  ratio  of  (be  oiaslicitles,  and  the 
rarities  of  the  mediums,  taken  together.  And  thus  it  may 
be  conceived  that  the  vibration  of  this  medium  is  the  cause 
also  of  the  elasticity  of  bodies. 

raribcr*  the  particles  of  which  it  is  composed  being  sup- 
posed indefinitely  small,  even  smaller  than  those  of  light; 
if  they  be  likewise  supposed*  like  our  air,  endued  with  a 
repelling  power,  by  which  they  recevie  Ironi  each  other, 
the  smailneu  of  the  particles  may  exceedingly*  contribute 
to  the  inen-aseof  the  repdlmg  power,  and  consequently  to 
(hat  of  the  elasticity  and  rarity  of  the  medium  ; by  that 
means  fltiing  it  for  the  free  transmission  of  light,  and  the 
free  motions  of  the  heavenly  bodies,  in  which  the  planets 
and  comets  may  revolve  without  any  considerable  resist- 
ance. If  it  be  700,000  times  more  elastic*  and  as  many 
timi's  rarer*  than  air,  its  resistance  will  be  above  600  mil- 
lion times  less  than  thatof  water;  arcsisUtice  that  would 
cause  no  sensible  alteration  in  (he  motion  of  the  plaueU 
in  ton  thousand  years. 

MEIBOMIUS  (MAttCUs),  a very  learned  person,  of  a 
family  in  Germany  which  had  long  been  famous  for  learned 
men*  was  burn  at  Helnistadt  in  I69O.  lie  devoted 
faiinseif  to  literature  nnd  criticism,  but  particularly  lothe 
learning  of  the  ancients;  such  as  their  music,  the  structure 
of  their  galleys,  Ac.  In  1032  he  published  a collection 
of  seven  Greek  authors,  who  had  written  upon  ancient 
music,  to  which  he  added  a Latin  version  by  himself. 
This  work  he  dedicated  to  Queen  Christina  u|i  Sweden  ; 
in  consequence  of  which  he  received  an  invitation  to  that 
princess's  court,  like  sevcrul  other  harned  men,  which  be 
accepted.  'I'hc  queen  engaged  him  one  day  lo  sing  an  ati 
of  ancient  music*  'while  a person  danced  the  Greek  dances 
lo  the  sound  of  his  voice;  but  the  immoderate  inirrh 
which  this  occasioned  in  the  spcciators*  so  covered  him 
with  ridicule*  and  disgusted  him  so  vehemently*  that  he 
abruptly  left  the  court  of  Sweden  iromediately*  after 
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bctilily  battering  with  his  fists  the  face  of  Bourdelot,  the 
favourite  pbysiciao  and  buflbou  tolhequccji,  who  had  per- 
suaded her  lu  exhibit  that  spectacle. 

Mcibumiuspretendcd  that  the  Hebrew  copy  uf  the  Bible 
was  full  of  errors,  and  undertook  tu  correct  them  by  means 
uf  a metre,  which  be  fancied  he  had  discovered  in  those 
ancient  writings;  but  ibis  it  ^eemsdrew  upon  him  no  small 
raillery  frumthe  learned.  Ntiverlhck-ss,  besides  the  work 
above  memiuned,  heproduced  several  others, which  showed 
him  to  he  a good  scholar;  witness  his  Notes  upon  Dioge- 
nes Laertius  in  Menage  s edition ; his  Liber  tie  J'abricu 
Triremium,  lfi7L  in  which  he  thinks  be  discovered  the 
method  in  which  the  ancients  disposed  their  banks  ol  oars; 
his  edition  uf  the  Ancient  Greek  Myihologisis;  and  his 
Dialogues  on  Proportions,  a curious  work,  in  which  the 
interlocutotf,  or  persons  represented  as  speaking,  Are 
Euclid,  Archimedes,  ApoUonius,  Pappus,  Eulocius, 
Tbco,  and  Ilcrinotimus.  .This  Inst  work  was  opposed  by 
Ijsngius,  and  by  Dr.  Wallis,  in  a considerable  tract, 
printed  in  the  first  volume  of  bis  wpiks.  Meibomius  died 
ia  ififiS. 

MELODY,  is  the  agreeable  efiect  ofdiiforent  musical 
sounds,  ranged  or  disposed  in  a proper  succi'vsion,  being 
the  effect  only  uf  one  single  part,  voice,  or  instrument; 
by  which  it  is  distinguished  from  barniuny,  which  properly 
results  from  the  union  of  two  or  more  musicul  sounds 
heard  together. 

MENISCUS,  a lens  or  glass,  convex  on  one  side,  and 
concave  on  the  other.  Sometimes  also  called  a lunc  or 
lunula.  See  its  figure  under  the  article  Lens. 

To  find  the  Foctu  cf  a Alautcut,  the  rule  is,  (u  the  dif- 
ference between  the  diameters  of  the  coiivc.xity  and  con- 
cavity, is  to  either  of  them,  so  is  the  other  diameter,  to 
the  focal  length,  or  distance  of  the  focus  from  the  me- 
niscus. So  that,  having  given  the  diameter  of  the  con- 
vexity, it  is  easy  to  find  that  of  the  concavity,  so  as  to  re- 
move the  focus  to  any  proposed  distance  from  the  me- 
niscus. For,  if  D and  d bo  the  diameters  of  the  two  sides, 
and /the  focal  distance ; then  since, 

bv  tbe  rule  n — d : d : : cf :/, 
therefore  d : d ; :/  — d : /, 
or  / — d :/:  : d : D. 

Hence,  if  d the  diameter  of  tbe  concavity  be  double  to 
d that  of  the  convexity,  /will  be  equal  to  n,  or  the  focal 
distance  eqxial  to  tbe  diameter;  and  therefore  the  meniKus 
will  bo  equivalent  to  a plano-convex  leiu.~Again,  if 
D s 3d,  or  the  diameter  of  the  concavity  triple  to  that  of 
the  convexity,  then  will/ss  |d,  or  the  focal  disUnce 
equal  to  the  radius  of  concavity  ; and  therefore  the  me- 
niscus will  be  equivalent  to  a lens  equally  convex  on  either 
side.— But  if  D = 5d,  then  will/=  do  ; and  therefore 
tbe  meniscus  will  be  equivalent  to  a sphere,— Lastly,  if 
D ss  d,  then  will /be  infinite;  and  therefore  a ray  failing 
parallel  to  the  axis,  will  still  continue  parallel  to  it  after 
refraction. 

MENSTRUUM,  Solvent,  or  Dissolvent, any  fluid 
that  will  dissolve  hard  bodies,  or  separate  their  parts.  Sir 
Isaac  Newton  accounts  for  the  action  of  menstruums  from 
theucids  with  which  they  arc  impregnatcu  ; the  particles 
of  acids  beiug  endued  with  a stron,'  attractive  force,  in 
which  tln-ir  activity  consists,  and  by  virtue  of  which  they 
dissolve  bodies.  By  this  attraction  they  gather  together 
about  the  particles  of  bodies,  whether  metallic,  stony,  or 
the  like,  and  adhere  very  closely  to  them,  so  as  scarce  to 
be  separated  from  them  by  distUUtiun,  or  sublimation. 
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T^us  strongly  attracting,  and  gathering  cogether  on  all 
sides,  they  raise,  disjoin,  and  shake  asunder  the  panicles 
of  bodies,  i.  c.  they  div-uUc  them  ; and  by  the  aURiclive 
power  with  which  they  rush  against  the  particles  of  the 
bodies,  lliey  inovy  the  fluid,  and  so  excite  beat,  shaking 
some  of  the  purticivs  to  that  di^gree,  as  to  convert-  them 
into  air,  and  so  generaiing  bubbles. 

Dr.  Keill  has  given  the  theory  or  fimndation  of  die 
action  of  iiHiisiruums,  in  st-vcrul  propmitions.  See  At- 
traction. iTom  those  proposiiiuiis  arc  perceived  the 
reasons  of  the  ditlerent  efifcis  of  ditferent  mi'iisiruums ; 
why  some  bodies,  as  niotuls,  dissolve  in  a saline  men- 
struum ; others;  again,  as  resins,  in  a sulphureous  one; 
\c  : parliculurly  why  silver  dissalvis  m aqua  loniii,  and 
gold  only  in  aqua  it'gis  ; ail  the  vum-ties  oi  which  arc  ac- 
counted for,  hum  the  difierent  dcgices  of  cohesion,  or  at- 
traction in  tbe  parts  ol  the  lK>dy  to  be  dissolved,  the  dif- 
(crent  diaincU-rs  and  figures  of  its  pores,  the  ditfm-nt  de- 
giecs  of  attruclion  in  tlie  menstruum,  and  the  ditferriit 
diameten  and  li;;ures  of  its  parts. 

.MENSUU ABILITY,  the  fitness  of  a budy  for  beiug 
applied,  or  Conformable  to  a certain  measure. 

iMKNSU  RATION,  the  act,  or  art,  of  measuring  figured 
extension  and  bodies  ; or  of  finding  the  diroemtoas  and 
coDtenis  of  tfodK*5,  both  superficial  and  solid. 

Every  ilitferent  species  of  mensuration  is  estimated  and 
measured  by  others  of  the  same  kind:  so,  the  solid  contents 
of  bodies  are  measured  by  cubes,  as  cubic  inches,  or  cubic 
feet,  dec  : surfaces  by  squares,  as  square  inches,  feet,  &c  ; 
and  lengths  or  distances  by  other  lines,  as  inches,  fret,  htc. 

The  contents  ol  rectilinear  figures,  whether  plane  or  so- 
lid, can  be  accurately  determined,  or  esprev^ ; but  of 
many  curved  ones,  ihii  is  not  possible.  So  the  quadra- 
ture of  the  circle,  and  cubature  of  the  sphere,  arc  pro- 
blems that  have  never  yet  been  accurately  solved.  Sec 
the  various  kinds  of  mensuration,  as  well  as  that  of  tbe 
difierent  figures,  under  their  respective  terms. 

The  first  writers  on  geometry  were  chiefly  writers  on 
mensuration  ; as  Euclid,  Archimedes,  &c.  SwQuadra- 
ture;  also  the  Preface  to  my  Mensuration,  tor  more 
ample  information  on  this  subject. 

MERCATOR  (Gerard),  an  eminent  geographer  and 
mathematician,  was  boro  in  1512,  at  Uuremoode  in  tbe 
Low-Countries.  He  applied  himself  with  such  industry  to 
the  sciences  of  geography  and  mathematics,  that  it  has 
been  said  he  oflen  forgot  to  eat  and  sleep.  The  emperor 
Charles  tbe  5tb  encouraged  him  much  in  bis  labours;  and 
thedukeof  Juliers  mudeliim  bis cosmngraphrr.  Ilocom- 
posed  and  published  a Chronology;  a large  and  small 
Atlas  ; and  some  Geographical  1'ablis ; besides  some  books 
in  philosophy  and  divinity.  He  was  also  so  curious,  as 
well  os  ingenious,  that  he  engraved  and  coloured  his  maps 
himself.  Ho  made  various  maps,  glubev,  and  other  ma- 
thematical instruments  for  the  use  of  the  emperor;  and 
gav'e  the  most  ample  proofs  of  his  uncommon  skill  in  what 
he  professed.  His  method  uf  laying  down  charts  is  still 
used,  which  bear  the  name  of  Mercator’s  Charts;  also  a 
part  of  navigation  is  from  him  called  Mercator's  Sailing.— 
He  died  at  Duisbourg  in  159L  ei  82  years  of  age.— Seo 
Mercator's  Chartf  below. 

Mercator  (.VicAotos),  an  eminent  mathematician  and 
astronomer,  whose  name  in  Iligh-Uulcb  was  Hauffraan, 
WAS  born,  about  tbe  year  1640,  at  HoUtein  in  Deiiinark. 
From  his  works  we  learn,  that  he  had  an  early  and  liberal 
education,  suitable  to  his  distinguished  getuus,  by  which 
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he  cnat>Tcd  to  cxtcii<l  lti»  rrfcarches  into  tlie  mattic* 
TUMlical  tckriiceSy  and  to  make  very  cun^idcrable  improve^ 
menti : for  it  appears  from  his  writiags,  as  well  as  from 
the  character  given  of  him  by  other  mathematicians,  that 
his  talcut  rather  lay  in  improving,  and  adapting  any  disco- 
vcrics  and  improvements  to  u^,  than  invention.  How- 
ever, his  genius  fur  the  taathematical  sciences  was  very 
conspicuous,  and  intrpdooed  him  to  public  regard  and 
esteem  in  bis  own  ooontry,  nod  fociiitated  a correspondence 
with  such  as  were  eminent  in  (hose  sciences,  in  Denmark, 
Italy,  and  England.  Some  of  his  correspondents  gave, 
him  an  invitation  to  this  country,  which  he  accepted,  and 
be  aftenrards  continued  in  England  till  his  death.  He 
bad  not  been  long  here  before  he  was  admitted  r.  n.  s.  and 
gave  ficquent  proofs  of  his  close  application  to  study,  as 
well  as  of  bit  eminent  abilities  in  improving  some  branch 
or  other  of  the  sciences.  But  he  is  charged  sometimes 
witli  borrowing  the  inventions  of  others,  and  adopting  them 
•S  bts  own.  And  it  appeared  on  some  occasions,  that  he 
was  not  of  an  over  liberal  mind  in  scientific  communica- 
tions. Thus,  it  had  some  time  before  him  been  observed, 
that  there  was  an  analogy  between  a scale  of  logarithmic 
tangents  and  Wright's  protraction  of  the  nautical  meridian 
Lap,  which  cotMisted  of  the  sums  of  the  K'cants;  though 
it  does  not  appear  by  whom  this  analogy  was  first  disco- 
vered. It  appears  however  to  have  been  first  published, 
and  introduced  into  the  practice  of  navigation,  by  Henry 
Bond,  who  mentions  this  property  in  an  edition  of  Nor- 
wood's Epitome  of  Navigation,  printed  about  1645  \ and 
bo  again  treats  of  it  more  fully  in  an  edition  of  Gunter's 
Works,  printed  in  1()53,  where  he  teaches,  from  this  pro- 
per^, to  vesolvu  all  the  cases  of  Mercator's  Sailing  by  the 
iogaiitkinic  tangents,  independent  of  the  table  of  meridi- 
onal parts-  This  analogy  had  only  been  found  to  be 
nArly  true  by  trials,  but  not  demonstrated  to  be  a mathe- 
matical propurty.  Such  demonstration  seems  to  have 
been  first  discovered  by  Mercator,  who,  desirous  of  making 
the  moet  advantogt;  of  this  and  unotluT  concealed  mvemion 
of  his  in  navigatioii,  by  a paper  in  tbc  Philosophical 
Transactions  for  June  4,  1666,  invitrs  (he  public  to  enter 
into  a wager  with  him,  on  his  ability  to  prove  the  truth 
or  falsehood  of  the  supposed  uimlogv.  This  mercenary 
proposal  it  seems  not  taken  up  by  any  om%  ;tnd  Mer- 
cator reserved  his  monstjulaon.  Our  author  lu)wcvcr 
distinguished  bimscif  by  many  valimblt'  pieces  on  philo- 
sophical ami  mathematical  subjects.  His  first  ottempt 
Was,  to  reduce  astrology  to  rational  principles,  which 
proved  a vain  attempt.  But  bis  writings  of  more  particu- 
lar riote,  are  as  follow : ^ 

1.  Cosmographia,  sivo  Descriptio  C®li  et  Terr*  in 
Circulos,  qua  fundamentuni  stemitur  sequentibos  ordine 
'J'rigonometrise  Sphericorum  Logarithmicc,  Ac,  a Ni- 
colao  HaufTmau  Holsato;  printed  at  Dannie,  1651, 
l2mo. 

2.  llationes  Matbematiew  subductm  anno  ifi^;  Co- 
penhagen, in  4to. 

3.  De  Eroendarione  aitnua  Dlaivibe  duae,  quibus  cx« 
ponuntur  ct  demonstrantur  Cycii  Solis  et  Loofft  Ac; 
in  4(0. 

4.  Hypothesis  Astronomica  nova,  et  Consettvs  t^oscurii 

Obscfyaiionibus;  Lond.  1664,  in  folio.  •'  ' 

5.  Logariihmotechiiia,  sive  Methoduf  CbmtriNiiAi'  Lo- 
garkiifiMn  nova,  accurata,  et  facilis ; seripfo  anMttc  com- 
inuniaataaimo  sc.  1667  aonis  Augusii;  tftnc'iicccdk, 
V«n  Quadratoia  Hyperboix,  et  laacatio  tomms  Logg- 
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ritbmoruta.  Auetdre  Nioolao  Meroatorc  Holsato  ^ $oci- 
etate  Regia,  'llutcetiani  jungilurMichaelis  AngeliRiccii 
Exercitatio  Geometrica  de  Maximis  et  Miaimis,  hie  ob 
argument!  prxstantiam  ct  exemplariuro  raritatem  recusa; 
Lond.  l66b,  in  4to. 

6.  Inslitutionam  Astronoroicarum  libri  duo,  dc  Mutu 
Asirorum  communi  et  proprio,  secundum  hypotheses  vetc- 
rum  el  recentiorum  protcipuas;  deque  Hypotheseon  ex 
ubservatis  constructionc,  cum  tabulisTychoaianis,Solari- 
bus,  Lunaribus,  Lunx-solaribus,  et  Rudolpbinis  SoHs, 
Fixarum  et  quinque  Errantium,  earumque  usu  prseceptis 
et  exemplis  commonstrato.  ()uibus  accedit  Appendix  de  ■ 
ii8,qus  novissimis  temporibus  celitus  ioDotuerunt;  Lond. 
1676,  Svo. 

Euclidis  Elementa  Geometrica,  novo  ordine  ac  me- 
ihodo  fere,  dcmonstraia.  Una  cum  Nic.  Mercatoris  in 
Gcometriam  Inlroductionc  brevi,  qua  MngnitudinumOrtus 
ex  genuiais  Principiis,  et  OrUrum  Affectiones  ex  ipia  Gc- 
nesi  derivantur.  Lond.  l678,  12mo.  * 

His  papers  in  the  Philosophical  'I'ransactions,  are, 

1.  A Problem  on  some  Points  in  Navigation:  vol.  1. 

2.  Illustrations  of  the  Logarithmo-lechnia  : vol.  3. 

3.  Considerations  concerning  bis  Geometrical  and  Di- 
rect Method  for  finding  the  Apogees,  Excentriciries,  and 
Anomalies  of  the  Planets:  vol.  5,  pa.  1 168. 

Mercator  died  in  l694,  about  54  years  of  age. 

MERCATOR'S  CW/,  or  Prqfccrtcm,  is  a projection  of 
the  surface  of  the  earth  in  piano,  so  called  from  Gerrard 
Mercator,  a Flemish  geographer,  who  first  published  maps 
of  this  sort  in  the  year  1556;  though  it  was  Edward 
Wright  who  first  gave  the  true  principles  of  such  charts, 
with  their  application  to  navigation,  in  1699* 

In  this  chart  urprojeclion,  tbc  meridians,  paralleU,  and 
rhumbs,  are  all  straight  lines,  the  degrees  of  longitdde 
being  every-where  increased  so  as  to  be  equal  to  one  an- 
other, and  having  the  degrees  of  latitude  also  increased  in 
the  same  proportion ; namely,  at  every  latitude  or  point  on 
the  globe,  the  degrees  of  latitude,  and  of  longitude,  or  the 
parallels,  arc  increased  in  the  proportion  of  radius  to  the 
sine  of  the  polar  distance,  or  cosine  of  the  latitude;  or, 
which  is  (he  tame  thing,  in  the  proportion  of  the  secant  of 
latitude  to  radius ; a proportion  which  has  the  effect  of  re- 
prrsimiing  the  parallel  circles  by  parallel  and  equal  right 
hnes,  and  all  the  meridians  by  parallel  lines  also,  but  in- 
creasing infinitely  towards  the  poles. 

From  tkM^  pfopottion  of  the  increase  of  the  degrees  of 
tins  mertdMAi^a,  that  they  increase  as  the  secant  of  the 
4v*triwry  evident  that  the  length  of  an  arch  of  the 
OHidbH^lei^niimg  at  the  equator,  is  proportional  to  the 
sum  of  all  the  secants  of  the  latitude,  i.e.  that  the  in- 
creased meridian,  is  to  the  true  arch  of  it,  as  the  sum  of 
all  those  secants,  to  as  many  times  the  radios.  But  it  is 
not  $0  evident  (bat  the  same  increased  meridian  is  also 
analogous  to  a scale  of  the  logarithmic  tangents,  which 
however  it  is.  It  dors  not  appear  by  whom,  nor  by  what 
accident, the  analogy  was  discovered  between  a scale  of  lo- 
garithmic tangents  and  Wright's  protraction  of  the  nau- 
tical  meridian  line,  which  consist^  of  the  sums  of  the  se- 
cants. It  appears  however  to  have  been  first  published, 
and  introduced  into  the  practice  of  navigation,  by  Mr. 
Henry  Bond,  who  mentions  this  property  in  an  edition  of 
Norwood's  Epitome  of  Navigation,  printed  about  1645; 
and  he  again  treats  of  it  more  fully  in  an  edition  of  Gun- 
ter's Works,  printed  in  l6S3,  where  he  teaches,  from  this 
properly,  to  resolve  nil  the  cases  of  Mercator’s  Sailing  by 
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the  log&rithoifc  tangenU,  iodepeodent  of  the  table  of 
meridioDai  parU.  Thii  analogy  had  only  been  found 
however  to  ^ nearly  true  by  trials,  but  not  demonstrated 
to  be  a mathematical  property.  Such  demonstration,  U 
teems,  was  hrst  discovered  by  Mr.  Nicholas  Mercator, 
which  he  odcred  a wager  to  discloec;  but  this  not  being  ac* 
cepted,  Mercator  merved  his  demonstration;  ns  men* 
tiooed  in  the  account  of  his  life  in  the  foregoing  page.  The 
proposal  however  excited  \hc  attention  of  mathemati* 
eiaus  to  the  subject,  and  demonstrations  were  not  lung 
wanting,  'j'bc  first  was  published  about  2 years  after, 
byJames Gregory,  inhis  Exercitationes  Geometric^;  from 
hence,  and  other  similar  properties  there  demonstrated,  he 
shows  how  tbe  tables  of  logarithmic  tangents  and  secants 
may  easily  be  computed  from  the  natu^  tangents  and 
secants. 

**  The  same  analog)’  between  the  logarithmic  tangents 
and  the  meridian  line,  as  also  other  similar  properties, 
were  afterwards  more  elegantly  demonstrated  by  Dr. 
Halley,  in  the  Philos.  Trans,  for  Feb.  1696,  and  various 
methods  given  for  computing  the  same,  by  examining  the 
nature  of  the  spirals  into  which  the  rhumbs  arc  transformed 
in  the  stereographic  projection  of  the  sphere  on  the  plane  of 
tbe  equator : the  doctrine  of  which  was  rendered  still  more 
easy  and  elegant  by  the  ingenious  Mr.  Cotes,  in  his  Logo* 
metria,  fint  printed  in  the  Philos.  Trans,  for  17 14,  and  af- 
terwards in  the  collection  of  his  works  published  1732,  by 
his  cousin  Dr.  Robert  Smith,  who  succeeded  him  as  Plu- 
mian  professor  of  philosophy  in  tbe  university  of  Cam- 
bridge." 

The  learned  Dr.  Isaac  Barrow  alto,  in  his  Lectiones 
Geometriem,  Lect.  xi.  Append,  first  publishod  in  16'72, 
delivers  a similar  property,  namely^  **  that  tbe  sum  of  all 
thesecants  of  any  arc,  it  analogous  to  tbe  logarithm  of  the 
ratio  of  r ^ « to  r — s,  vii,  radius  plus  sine  to  radius 
minus  sine ; or,  which  is  the  same  thing,  that  the  meri- 
dional parts  answering  to  any  degree  of  latitude,  are  as 
tbe  logarithms  of  the  ratios  tbe  versed  sinra  of  the  di- 
stances from  the  two  poles/'  Preface  to  my  Logarithms, 
pa.  100. 

The  meridian  lind  in  Mercator’s  Chart,  is  a scale  of 
logarithmic  tangents  of  the  half  coUtitudos.  The  dif- 
ferences of  longitude  on  any  rhumb,  arc  tbe  logarithms  of 
**  the  same  tangents,  but  of  a diSerent  species ; those  species 
being  to  each  other,  as  the  tangents  of  the  angles  made 
with  tbo  meridian.  Hence  any  scale  of  logarithmic  tan- 
gents is  a table  of  the  didercnces  of  longitude,  to  several 
latitudes,  on  some  one  determinate  rhumb;  and  ibcrcforr, 
as  the  tangent  of  tbe  angle  of  such  a rhumb,  is  to  the 
tangent  of  any  other  rhumb,  so  is  the  difference  of  tbe  lo- 
garithms of  any  two  tangents,  to  the  difference  of  longi- 
tude on  the  proposed  rhumb,  intercepted  between  the  two 
latitudes,  of  whose  half  complemeots  tbe  logarithmic  tan- 
gents were  taken. 

It  was  the  great  study  of  onr  predecessors  to  contrive 
such  a chart  in  piano,  with  straight  lines,  on  which  all,  or 
any  parts  of  the  world,  might  be  truly  set  down,  accord- 
ing to  their  longitudes  and  latitudes,  bearings  and  di- 
stances. A method  for  this  purpose  was  hinted  by  Pto- 
lemy, near  2000  years  since;  and  a general  map,  on  such 
an  idea,  was  made  by  Mercator;  but  the  principles  were 
not  demon^tratud,  and  a ready  way  shown  of  describing 
the  chart,  till  Wright  explained  how  to  enlarge  the  me- 
ridian line  by  the  continual  addition  of  secants;  so  that  all 
degrees  of  longitude  might  be  proportiooal  to  th^  of 


latitude,  as  on  (lie  globe:  which  renders  tbi^  diArf,  in 
several  respects,  far  more  convenh-nt  for  the  navigaiorN 
use,  than  the  globe  itself;  and  which  will  truly  show  the 
course  and  distance  from  place  to  place,  in  all  cas<'^  of 
sailing. 

Mircator's  or  more  properly  IfVigAt's  Sail- 

ing, is  the  method  of  computing  the  casof  of  tailing  on  the 
principles  of  Mercator's  chart,  which  principles  were  laid 
down  by  Edward  Wright  in  the  beginning  of  the  17tlk 
centuiy;  or  the  art  of  finding  on  a plane  the  motion  of 
a ship  upon  any  assigned  course,  that  shall  be  true  as 
well  in  longitude  nnd  latitude,  as  dist  ance;  the  roeri<imns 
being  all  parallel,  and  the  parallels  of  latitude  Mrmght 
lines. 

Ill  the  right-angled  triangle  Abe, 
let  a6  be  tbe  true  difference  of  la- 
titude between  two  places,  the 
angle  6ac  tbe  angle  ot  the  course 
sailed,  and  ac  the  true  distance 
sailed;  then  will  be  be  %vhut  is 
called  the  departute,  us  in  plane 
sailing:  produce  Ab  till  ab  be 
equal  to  the  meridional  difference 
of  latitude,  and  draw  bc  |iarallcl 
to  4c;  so  shall  bc  bc  the  diffcamcc 
of  longitude. 

Now  from  (he  similarity  of  the 
two  triangles  Abe,  abc,  when  three  of  the  paits  arc  given, 
the  rest  (ney  be  found;  as  in  the  following  analogies  : As 
Radius  : sin.  coune  : : distance  : departure; 

Radius  ; cos.  course  : : distance  : dif.  latitude; 

Radius  : tan.  course  : : merid.  dif.  lat  : dif.  longitude. 

And  by  means  of  these  analogies,  all  the  cases  of  Mer- 
cators Sailing  may  be-  moli’Cil. 

MERCURY,  in  Astronomy,  (he  smallest  of  the  inferior 
planets,  and  the  nearest  to  the  sun,  about  which  it  is  car- 
ried with  a very  rapid  motion.  Hence  it  was,  that  tbo 
Greeks  called  this  planet  after  the  name  of  the  nimblu 
messenger  of  the  gods,  and  represented  it  by  tbe  figure  of 
a youth  with  wings  at  his  head  and  ftrt;  whence  is  de- 
rived 9 , the  character  in  present  use  for  denoting  this 
planet.— llic  mean  distance  of  Mercury  from  the  sun,  is 
to  (hat  of  the.  earth  from  tbe  sun,  as  387  to  1000,  and 
therefore  his  distance  is  about  37  millions  of  miles,  or 
little  more  than  onc-third  of  the  earth’s  distance  from  the 
sun.  Hence  the  sun's  diameter  will  appear  at  Mercury,, 
near  3 times  as  large  as  at  the  earth  ; and  hence  also  the 
sun's  light  and  beat  received  there  arc  about  7 times 
those  at  (he  earth;  a degree  of  heat  more  than  sufficient 
to  make  water  boil.  Such  a d.gnp  of  heat  therefore  must 
render  Mercury  not  babitablr  to  creatures  of  our  consti- 
tution : and  if  bodies  on  its  surface  be  not  infUmed,  and 
set  on  fire,  it  must  bc  because  their  degree  of  density  is 
proponionably  greater  than  that  of  bodies  on  our  glob^ 

'Fbe  diameter  of  Mercury  is  aho  more  than  ^ of  tbe 
diameter  of  the  earth,  or  al^ut  3222  miles.  Hence  the 
surface  of  Mercury  is  nearly  l-9th,  and  his  magnitude  or 
bulk  l-27tb  of  that  of  the  earth. 

The  inclination  of  his  orbit  to  the  plane  of  the  ecliptic, 
is  7®  o';  bU  period  of  revolution  round  the  sun,  87  days  23 
hours;  hii  greatest  elongation  from  the  sun  28*^  20';  the 
cxcemricity  of  his  orbit  of  his  mean  distance,  which  ia 
tar  greater  than  that  of  any  of  (he  other  planets  ; and  lie 
moves  in  his  orbit  about  the  sun  at  the  amazing  rate  of 
95,000  aotlea  an  hour.  . 
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The  place  of  bis  aphelion  U f ]4^S2^;  place  of  as- 
cending node  a 14°  4V,  and  coosequentiy  ibal  of  the 
descending  node  m 14°  44'.  His  length  of  day,  or  rota- 
tion on  his  axis,  and  inclination  of  axis  to  bis  orbit,  are 
unknown. 

Mercury  changes  his  phases,  like  themoon,  according  to 
his  various  positions  with  regard  to  ihecarthand  »un ; except 
only,  that  be  never  appears  quite  full,  because  his  enlight- 
ened side  is  never  turned  directly  towards  us,  unless  when 
he  is  so  near  the  sun  as  to  be  lost  to  cnir  sight  in  his  beams. 
>^nd  as  his  enlightened  side  is  always  towards  the  sun,  it 
is  plain  that  he  shines  not  by  any  light  of  his  own  ; for  if 
he  did,  be  would  constantly  appear  round. 

The  l)cst  observations  of  this  planet  are  those  made 
when  It  is  seen  on  the  sun's  disc,  called  its  transit ; /or  in 
its  lower  conjunction,  it  sometimes  pasiK*s  before  the  sun 
like  a little  spot,  eclipsing  a small  part  of  the  sun’s  body, 
only  observable  with  a telescope.  That  node  from  which 
Mercury  ascends  northward  above  the  ecliptic,  is  in  the 
15tb  decree  of  Taurus,  and  the  opposite  in  the  15th  degree 
of  Scorpio.  The  earth  is  in  those  parts  on  the  (Jth  of  No- 
vember, and  4tb  of  May,  new  style;  and  when  Mercury 
comes  to  either  of  his  nodes  at  his  inferior  conjunction 
about  these  times,  he  will  appear  in  this  manner  to  pass 
over  the  sun’s  disc.  But  in  all  other  parts  of  bis  orbit,  bis 
conjunctions  are  iavisibit*,  because  be  goes  ciibcr  above 
or  below  the  sun.  The  first  observation  of  this  kind  was 
made  by  Gassendi,  in  November  l63l.  Several  following 
observations  af  the  like  irunsits  are  collected  in  Du  Ha- 
mel’s Hist  of  the  Royal  Acad,  of  Sciences,  pa.  470,  ed.2. 
And  Mr.Wbiston  has  given  a list  ofseveral  periods  at  which 
Mercury  may  be  sci-n  on  the  sun’s  disc,  via,  in  l732,  Nov. 
12,  at  3^  44"  aXternoon  ; in  1786,  Mi^'  4th,  at  6^57"  in 
the  forenoon;  in  1789»  Dec.  O’lh,  at  3^  55* afternoon ; 
and  in  1799r  7th,  at  2°  34"  afternoon.  There  are 
a||0  several  intermediate  transits,  but  iionc  of  them  visible 
at  London.  Sec  Dr.  Halley  s account  of  the  Transits  of 
Mercury  and  V'enus,  in  the  Philos.  Trans.  No.  193*  ^ 

Mkrcury,  a metal  of  a silvery  white  colour,  and  is 
otherwise  culled  quicksilver.  This  metal  is  always  tluid 
at  the  usual  temperature  of  the  atmosphere,  but  fit'ezes 
and  iKHioincs  fixed  at  the  temperature  of  —.39'^  uf  Fahren- 
heit's thermometer,  that  is  $9°  below  0,  or  71°  below  tlie 
/n*csing  point  of  water;  and  it  contracts  about  of  its 
bulk  in  the  moment  of  freezing.  Its  boilingpoauis660'’; 
it  may  therefore  be  totally  evaporated,  or  distilled  from 
one  vt>S!iel'inio  another,  by  which  means  it  is  purified  from 
various  other  metallic  matters.  The  vapour  of  mercury 
is  invisible,  and  cliistic,  like  common  air ; like  air  too, 
its  elasticity  is  indefinitely  increased  by  heat,  so  that  it 
breaks  the  strongest  vessel,  with  an  explosion  as  loud  as  a 
cannon. 

MERIDIAN,  ill  Astronomy,  is  a great  circle  of  the 
celestial  sphere,  passing  through  the  pules  of  the  world, 
and  both  the  zcnitb  and  nadir,  crossing  the  equinoctial  at 
right  angles,  and  dividing  the  sphere  into  two  equal  parts, 
jor  bemispheres,  Uic  one  eastern,  and  the  other  western. 
Or,  the  meridian  is  a vertical  circle  passing  through  the 
pules  of  the  world. — It  is  called  Tncridian,  from  the  Lutin 
Mcridies,  mid-day  or  noon,  because  when  (he  sun  comes 
to  the  south  part  of  this  circle,  it  is  noon  to  all  those 
placi's  situated  under  it.  . 

MeRintAN,  in  Geography,  is  a gix^at  circle  passing 
.through  the  north  and  south  poles,  and  any  given  place; 
ihus,  the  meiidian  of  London,  is  that  circle  which  passes 


over  London  and  through  the  poles  of  the  earth ; and  ie 
lies  exactly  under,  or  in  the  plane  of,  the  celestial  imeri-, 
dian.— These  meridians  arc  various,  and  chaise  according 
to  the  longitude  of  places;  so  that  their  number  may  be 
said  to  be  infinite,  since  all  places  from  east  to  west  have 
their  several  meridians.  Farther,  as  the  meridian  invests 
the  whole  earth,  there  arc  many  places  situated  under  ibo 
same  meridian.  Also,  as  it  is  noon  whenever  the  centre 
of  (he  sun  is  in  the  celestial  meridian  ; and  as  the  meridian 
of  the  earth  is  in  the  plane  of  the  former ; it  follows,  that 
it  is  noon  at  the  same  lime,  in  all  places  situated  under  the 
same  meridian. 

h'iru  Meridian,  is  that  from  which  the  rest  are  count- 
ed, reckoning  both  cast  and  west,  and  is  the  br^iiming  of 
longitude.  The  fixing  of  the  first  meridian,  is  a matter 
merely  arbitrary ; and  hence  different  persons,  nations, 
and  ages,  have  fixed  it  difiercnily ; from  which  circum- 
stance some  confusion  has  ariK’n  in  geography.  The  rule 
among  the  ancients  was,  to  make  it  pass  through  the  place 
farthest  io  the  west  Uiat  was  known.  But  the  moderns 
knowing  that  there  » no  such  place  on  (he  earth  as  can  be 
esteenied  the  most  westerly,  the  way  of  computing  the  lon- 
gitudes of  places  from  one  fixed  point  is  much  laid  aside. 

Ptolemy  assumed  the  meridian  that  passes  through  (be 
farthest  oi  the  Canary  Islands,  as  his  first  meridian  ; that 
bcLiig  the  most  western  place  of  the  world  then  known. 
After  him,  as  more  countries  were  discovered  in  that 
quarter,  the  first  meridian  was  removed  fartbtT  off.  The 
Arabian  geographers  chose  to  place  the  first  meridian  on 
the  utmost  shore  of  the  western  ocean.  Some  fixed  it  to 
the  island  of  St.  Nicholas  near  the  Cape  Verd  ; Hondius 
to  the  isle  of  St.  James ; others  to  the  island  nl  Del  Corvo, 
one  of  (he  Azores ; because  on  that  island  the  magnetic 
needle  at  that  time  pointed  directly  north,  without  any 
variation ; and  it  was  not  then  known  that  the  variation 
of  the  needle  is  itself  subject  to  variation.  The  latest 
geographers,  particularly  the  Dutch,  have  pitched  on  the 
Peak  of  TeneritTc;  others  on  the  Jslo  of  Palm,  another  of 
the  Canaries;  and  lastly,  the  French,  by  order  of  the 
king,  on  the  island  of  Fero,  another  of  the  Canaries. 

hut,  without  much  regard  to  any*of  these  rules,  geo- 
graphers and  constructors  of  maps  often  assume  the  meri- 
dian of  the  place  where  they  live,  or  the  capital  of  their 
country,  or  its  chief  observatory,  fur  n first  meridian  ; and 
from  it  reckon  tbe  longitudes  of  places,  cast  and  west. 

Astronomers,  in  their  calculations,  usually  choose  the 
moriiliaii  of  the  place  where  their  observaiioas  are  made, 
for  (heir  first  meridian  ; as  Ptolemy  at  Alexandria  ; Tycho 
Brahe  at Uranibourg;  Hiccioli  at  Bologna;  Flamsteed  at 
the  Royal  Observatory  at  Greenwich  ; and  tbe  French  at 
the  oburvatory  at 

'I'hcre  is  a suggestion  in  the  Philos.  Trans,  that  the  me- 
ridians vary  in  time.  And  it  has  bi'i  n said  that  this  is 
rendered  probable,  from  tbe  old  meridian  lim'in  the  church 
of  St.  Pcironio  at  Bologna,  which  is  said  to  vary  no  less 
than  8 degrees  from  the  true  meridian  of  the  place  at  this 
time:  and  from  the  meridian  of  Tyclio  at  Uranibourg, 
which  M.  Picart  observes,  varies  IS  minotesfrom  the  mo- 
dern meridian.  If  there  beany  thing  of  truth  in  this  hint, 
Dr.  Wallis  says,  the  alteratioii  must  arise  from  a change 
of  thu  tencstnal  poles  (here  otiearth,  of  the  earth’s  diurnal 
moliuu),  not  of  their  pointing  to  this  or  that  of  tbe  fixed 
stars:  for  if  the  poles  of  the  diurnal  motion  remain  fixed 
to  the  same  place  on  the  earth,  the  meridians,  which  pass 
through  these  poles,  must  remaia  ihesRme. 
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But  the  notion  of  the  changes  of  the  mertdten  seems  to 
much  weakened  by  an  observation  of  M.  Cbsscllcs,  of 
the  French  Academy  of  Sciences,  who^  when  in  Egypt, 
found  tbat  the  four  sides  of  a pyramid,  built  3000  years 
^0,  still  pointed  Very  exactly  to  the  four  cardinal  points : 
a position  which  cannot  bo  considered  as  merely  for* 
tuitous.  But  here  again  it  may  be  asked  Jf  the  meridians 
vary,  may  it  not  be  by  an  oscillatory  motion,  similar  to 
tbat  of  the  variation  of  the  magnetic  needle,  so  (hat  ut  a 
distance  of  3000  years,  the  observations  made  in  any  par* 
ticular  place  may  agree,  though  during  that  period  a con* 
stant  and  successive  variation  may  have  taken  place,  vi* 
braiing  as  it  were  iH^twren  certain  limits,  as  is  now  gene* 
rally  known  to  be  the  case  in  other  planetary  vuriaiions, 
such  as  the  acceleration  of  the  moon,  the  variation  in  obli- 
quity of  tbc  ecliptic  to  the  equator,  &c.  Aixd  under  this 
point  of  view  the  observation  of  Chaisrlies  would  not  affret 
the  truth  of  the  other  asserfions.  Fur  measuring  an  arc  of 
the  meridian,  see  the  article  Dkorck. 

MeIudian  ttf  a Globe,  or  Sphere,  is  the  braaen  circle, 
in  which  the  globe  hangs  and  tnrna.'  It  is  divided  tnio 
four  po’s,  or3o0  degrees,  beginning  at  the  equinoctial : on 
it,  each  way,  from  thecquirroclial,  on  thb  celestial  globes, 
is  counted  the  north  and  south  declinution  of  the  sun, 
moon,  or  stars  ; and  on  the  terrestrial  globe,  the  latitude 
of  places,  north  and  south.  There  arc  two  points  un  this 
circle  called  the  poles;  and  a diameter,  continued  from 
thence  through  the  centre  of  cither  globe,  is  called  the  axis 
of  the  earth,  or  heavens,  on  which  it  is  supposed  they  re- 
volve. 

On  the  terrestrial  globes  there  are  usually  drawn  36  me* 
sidians,  one  through  every  tenth  degree  of  the  equator,  or 
through  every  10th  degree  of  longitude.  The  uses  of  ibis 
Circle  are,  to  set  the  globes,  in  any  particular  latitude,  to 
show  the  sun's  ora  star’s  declination,  right  ascension,  great* 
cst  altitude,  &c. 

M F.RI  D I A y Line,  an  arch,  or  pa  rt,  of  the  meridian  of  the 
place,  terminated  each  way  by  the  hoHson.  Or,  a meri* 
dian  line  is  the  intersection  of  the  plane  of  the  meridian  of 
the  place  with  the  plane  of  the  horizon,  often  called  a 
north-and-south  line,  because  its  direction  is  from  north 
to  south. 

The  meridian  line  is  of  most  essential  use  in  astronomy, 
geography,  dialling,  &c;  and  the  greaffeat  paiaa  are  taken 
by  astronomers  to  hx  it  at  their  observatories  to  the  utmost 
.precision.  M.  Cassini  has  distinguished  himself  by  a me- 
ridian line  drawn  on  the  pavement  of  the  church  of  St. 
Petronio,  at  Bologna ; being  extended  to  120  feet  in 
length.  In  the  roof  of  this  church,  1000  inches  above  tbc 
pavement,  is  a small  hole,  through  which  the  sun's  iihagc, 
when  in  the  meridian,  falling  upon  the  line,  marks  his  pro- 
gress all  the  year.  When  finished,  M.  Cassini,  by  a public 
^vriiing,  quaintly  informed  the  mathematicians  of  Europe, 
of  a new  oracle  of  Apollo,  or  the  sun,  established  in  a 
temple,  which  might  be  consulted,  with  entire  con hdence, 
as  to  all  difficulties  in  astronomy.  Sec  Gnomon. 

To  draw  a Meridian  Une. — Thcro 
arc  many  ways  of  doing  this ; but 
some  uf  the  easiest  and  simplest  arc 
as  follow  : I.  On  an  horizontal  plane 
describe  several  concentric  circles  ai, 
ob,  &c;  and  on  the  common  centre 
c erect  g stile,  or  gnomon,  perpendiciK 
lar  to  the  horizontal  plane  of  about 
afoot  in  length.  About  the  2|st  of' 


June,  between  the  hours  of  9 and  11  in  tbeinorning,  and 
between  1 and  3 in  the  afternoon,  observe  the  points  a,  o, 
B,  5,  &c,  in  the  circles,  where  the  shadow  of  the  stile 
terminates.  Bisect  the  arches  ab,  aO,  &c,  in  d,  d, 
&c.  If  then  the  same  right  line  r»r.  bisect  all  these  arches, 
it  will  be  the  meridian  line  sought. — As  it  is  not  easy  to 
determine  precisi-ly  the  extremity  of  the  shadow, 1t  will  be 
best  to  make  the  stile  flat  at  tup,  and  to  drill  a small  bole 
through  it,  noting  the  lucid  point  projected  by  it  on  the 
arches  ab  and  ab,  instead  of  marking  the  extremity  of  the 
shadow  itself.  * 

2.  Another  method  is  thus:  Knowing  the  south  quarter 
pretty  marly,  observe  the  alii* 
tilde  FE  uf  some  star  on  the  cast 
side  of  it,  and  not  far  from  the 
meridian  iizny  : then  keeping 

the  quadrant  firm  on  its  axis,  so 
as  the  plummet  may  still  cut  the 
same  degree,  direct  it  to  the  west- 
ern side  uf  the  meridian,  and  wait 
(ill  you  find  the  star  has  the  same 
altitude  as  Ixfoie,  as  ye.  Lastly, 
bisect  the  angle  Ece,  lurined  by  the  intcnectiun  of  the 
two  planes  in  which  the  quadrant  has  been  placed  at  tbc 
time  of  the  two  observations,  by  the  right  line  hr,  which 
will  be  the  meridian  sought. 

Many  other  methods  are  given  by  authors,  of  desciibing 
a meridian  Une  ; as  by  the  pole  star,  or  by  equal  alti- 
tudes of  the  sun,  dre;  by  Schooten  in  his  Exercitationes 
Geometries;  Grey,  Dcrham,  in  the  Philuc.  Traos. 
and  by  Ferguson  in  his  Lectures  on  Select  Subjects. 

From  what  has  been  said  it  is  evident  that  whenever 
the  shadow  of  tbc  stilc  covers  the  meridian  line,  the  centre 
of  the  sun  is  in  the  meridian,  and  therefore  it  is  then 
noon.  And  hence  the  use  of  a meridian  line  in  adjusting 
the  motion  of  clocks  to  the  sun.  If  another  stile  be  erected 
perpendicularly  on  any  other  horizontal  plane,  aud  a 
signal  be  given  when  the  shadow  of  the  former  slile  covers 
the  meridian  line  drawn  on  another  plane,  noting  the 
apex  or  extremity  of  the  shadow  projected  by  fhe  second 
stile,  a line  drawn  through  that  point  and  the  *foot  of  the 
stile  will  be  a meridian  line  at  the  2d  place.  Or,  instead 
of  the  2d  stile,  a plumb-line  may  be  hung  up,  and  its  sha- 
dow noted  on  a plane,  upon  a signal  given  tbat  the  shadow 
of  another  plummet,  or  of  a stile,  falls  exactly  in  anniber 
meridian  line,  at  a little  distance ; which  shadow  will 
give  the  other  meridian  line  parallel  to  the  former. 

Meridian  Line,  on  a dial,  is  a right  line  arising  from 
the  intersection  of  the  meridian  of  the  place  with  the  plane 
of  the  dial.  This  is  the  line  of  noon,  or  12  o^clock,  and 
from  hence  the  division  of  the  hour-line  begins. 

MtRiotAN  Une,  on  Gunter's  Scale,  is  divided  un- 
equally towards  87  decrees,  the  same  as  the  meridian  in 
Mercator's  chart  is  divided  and  numbered.  This  line  is 
very  useful  in  navigation.  For,  1st,  It  serves  to  graduate 
a sca-eburt  according  to  the  true  projection.  2d,  Being 
joined  with  a line  of  chords,  it  serves  fur  the  protraction 
and  resolution  of  such  rectilineal  triangles  as  are  concern- 
ed in  latitude,  longitude,  course,  and  distance,  in  the 
practice  of  soiling;  as  also  in  pricking  the  chart  truly 
at  sea.  ^ 

Magneiical  Meridian,  is  agreat  circle  passing  through 
or  by  the  mogneticftl  poles ; to  which  meridians  the  mag- 
netical  needle  conforms  itself. 

UsuDiAM  JUuwUf  of  the  sun  or  i(»n,  is  thfiir  alU* 
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(Ddo  when  in  ihc  meridian  of  the  place  where  they  are 
observed. 

McaiDiONAL  Disiance,  in  Navi^tion,  is  the  same  with 
the  departure,  or  easting  and  westing,  ur  distance  between 
two  meridians. 

MaaiDio.vAl.  Parity  MiUsy  or  Mmutesy  in  Navigation, 
are  the  parts  of  the  increased  or  enlarged  meridian,  in  the 
Mercator's  chan.  Tables  of  these  parts  arc  found  in 
most  books  of  navigation  ; 'and  they  serve  both  for  con- 
structing that  sort  of  charts,  and  for  working  that  kind  of 
navigation. 

Under  the  article  MeacAToa’s  Chart,  it  is  shown  that 
the  parts  of  the  enlarged  meridian  increase  in  proportion 
as  the  cosine  of  the  latitude  to  radius,  or,  which  is  the 
same  thing,  as  radius  to  the  secant  of  the  latitude;  and 
therefore  it  follows,  tliat  the  whole  length  of  the  enlarged 
nautical  meridian,  from  the  equator  to  any  point,  or  la- 
titude, will  be  proportional  to  the  sum  of  all  the  secniui 
of  the  several  Utiluiles  up  to  that  point  of  the  meridian. 
And  on  (bis  prtnnple  was  the  first  table  of  meridional 
piiru  constructed,  by  the  inventor  of  it,  Mr.  Kdward 
Wright,  and  published  in  1599  i he  took  the  meridio- 
oal  parts 

of  1*  =s  the  see,  of  ; 
of  2'  = sec.  of  1'  sec.  of  2^ ; 
of  3'  =5  secants  of  1,2,  and  3 min. 
of  V ss  secants  of  I,  2,  3,  and  4 min. 
and  so  on  by  a constant  addition  of  the  secants. 

The  tables  of  meridional  parts,  so  constructed,  arc  per- 
haps exact  enough  fur  ordinary  practice  in  navigation ; 
but  they  would  be  more  accurate  if  the  meridian  were 
divided  into  more  or  smaller  parts  than  single  minutes; 
and  the  smaller  the  parts,  so  much  greater  the  accuracy. 
But,  as  a continual  subdivision  would  greatly  augment 
the  labour  of  calculation,  other  ways  of  computing  such 
a tabic  have  been  devised,  and  treated  of,  by  Bond,  Gre- 
gory, Oughtred,  Sir  Jonas  Moor,  Dr.  Wallis,  Dr.  Halley, 
and  others.  See  Mercator's  Chart,  and  Robertson's 
Navigation,  vol.  2,  book  6.  Tlic  best  of  these  methods 
was  derived  from  this  property,  vix.  that  the  meridian  line, 
in  a .^fe^cato^'s  chart,  is  analogous  to  a scale  of  logarith- 
mic tangents  of  half  (he  complements  of  the  latitudes; 
from  w hich  pro|X-rty  also  a method  of  computing  the  cases 
of  Mercator  H Sniling  has  been  deduced,  by  Dr.  Hatley. 
Vide  ut  supra,  also  the  Philos.  Trans,  vol.  4b,  pa.  559. 
Tofauithe  Mr.RiDlOKAL  Parts  to  aitv  Spheroid,  with  the 
tame  exactneu  as  ta  a Sphere. 

Ia*1  the  semidiameter  of  the  equator  be  to  the  distance  of 
the  centre  from  the  focus  of  the  generating  ellipse,  as  m to 
1.  Li.-t  A represent  the  latitude  for  which  the  meridional 
|Nirts  are  riTiuired,  and  t the  sine  of  the  latitude,  to  the 

radius  I;  Find  the  arc  B,  vvhosc  sine  is ; take  the  lo- 
rn 

garithmic  (nngent  of  half  the  complement  of  b,  from  the 
common  tables  ; subtract  the  log.  tangentfrom  lO'OOOtKXX), 
or  the  log.  tangent  of  45® ; multiply  the  remainder  by 
the  numbiT  7915’7044679»  anil  divide  the  pro<liict  by 
m ; then  the  quotient  subtracted  from  the  meridional  parts 
in  tJic  sphere,  computed  in  the  usual  manner  for  the  lati- 
tude A.vrillgiveihc  mendional  parts  expressed  in  minutes, 
for  the  same  latitude  in  the  spheroid,  when  it  is  the  ob- 
late OtK*. 

ExampU.  If  mm  ; I : : 1000  : 22,  then  the  greatest 
diiTcrenccofthc  meridional  parts  in  the  sphere  and  spheroid 
is  76’0929  minutes.  In  other  cases  it  is  found  by  mnl- 


tiplying  the  remainder  above  mentioned  by  the  number 
1174078. 

When  the  sphq|roid  is  oblong,  the  difference  i n the  me- 
ridional parts  between  the  sphere  and  spheroid,  for  the 
same  latitude,  is  then  determined  by  a circular  arc.  See 
Philos.  Trans.  No.  46l,  sect.  14.  Also  Maclaurin’s  Flux- 
ions, art  895,  899.  And  Murdoch's  Mercator's  Sailing  &c. 

MEULON,  in  Fortification,  that  part  of  the  parapet 
which  lies  between  two  embrasures. 

MERSENNE  (Martik).  a learned  French  author, 
was  born  at  Bourg  of  Oyse,  in  the  province  of  Maine, 
1588.  He  studied  at  La  Flcche  at  the  same  time  with 
Descartes;  with  whom  he  contracted  a strict  friendship, 
which  continued  till  death.  He  afterwards  went  to  Paris, 
and  studied  at  (he  Sorbonne ; and  in  l6i  1 entered  himself 
among  the  Minims.  He  became  well  skilled  in  Hebrew, 
philosophy,  and  mathematics.  From  1G'15  to  l6l9,  he 
taught  philosophy  and  theology  in  the  convent  of  Nevm; 
and  became  the  superior  of  that  convent.  But  being  de- 
sirous of  applying  himself  more  freely  and  closely  to  study, 
he  resigned  all  the  posts  he  enjoyed  in  his  order,  and  re- 
tired to  Paris,  where  he  spent  the  rcroainder  of  his  life ; 
excepting  some  short  excursions  which  be  occasionally 
made  into  Italy,  Germany,  and  the  Netherlands. 

Study  and  literary  conversation  wore  afterwards  his 
whole  employment.  He  held  a correspondence  with  moct 
of  the  learnt  men  of  his  lime ; being  as  it  were  the  very 
centre  of  communication  between  literary  men  of  alt 
countries,  by  the  mutual  currespoodence  which  he  ma- 
naged between  them  ; being  in  France  what  Mr.  Collins 
was  in  England.  He  omitted  no  opportunity  to  engage 
them  to  publish  their  woHcs;  and  the  world  is  obliged  to 
him  for  several  excellent  discoveries,  which  would  proba- 
bly have  been  lost,  but  for  his  encouragement;  and  on 
ail  accounts  be  had  tbc  reputation  of  being  one  of  the 
best  men,  as  well  as  philosophers,  of  bis  time.  No  per- 
son was  more  curious  in  penetrating  into  the  secrets  of 
nature,  nor  more  anxious  to  bring  all  the  arts  and  sciences 
to  perfection.  He  was  the  chief  friend  and  literary  agent 
of  Descartes  at  Paris;  giving  him  advice  and  assistance  on 
all  occasions,  and  informing  him  of  all  that  passed  at 
Paris  and  elsewhere.  For,  being  a p<‘r«on  of  universal 
learning,  but  particularly  excelling  in  physical  and  ma- 
thematical knowledge,  Descartes  scarcely  ever  did  any 
thing,  or  at  least  was  not  perfectly  satislied  with  any 
thing  he  had  done,  without  first  knowing  what  Mersenne 
thought  of  it.  It  is  even  said,  that  when  Mersenne  gave 
out  in  Paris,  that  Descartes  was  erecting  a new  system  of 
physics  on  the  foundation  of  a vacuum,  and  found  the 
public  very  indifferent  to  it  on  that  very  account,  he  im- 
mediately sent  notice  to  Descartes,  that  a vacuum  was 
not  then  the  fashion  at  Paris ; u|>on  which,  that  philoso- 
pher changed  his  system,  and  adopted  the  old  doctrine  of 
a plenum. 

Mersenne  was  a man  of  good  invention  also  himself; 
and  he  had  a peculiar  talent  in  forming  curious  questions, 
(hough  bo  did  not  always  succeed  in  resolving  them  ; how- 
ever, he  at  least  gave  occasion  to  others  todo<it.  It  is 
said  he  invented  the  cycloid,  otherwise  called  the  roulette. 
Presently  (he  chief  geometricians  of  tbc  age  engaged  in  the 
contemplation  of  this  new  curv'c,  among  whom  Mersenne 
himself  held  a distinguished  rank.  Aftera  very  studious 
ond  useful  life,  he  died  at  Pans  in  lti48,  at  60  ycarsof  age. 

Mersenne  was  author  of  many  useful  works,  particularly 
the  following ; 
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I.  Quc«tk>ae»  celebcrrime  In  Genctim. 

S.  Harmonicorum  Librt. 

3.  Dc  Sonorum  Natum,  Causis,  ct  EfiecUbiu. 

4.  Cogitala  Physico-Mathemalica ; 2 voU.  410. 

5.  La  Verity  des  Sciences. 

6.  Lc»  Questions  inouies. 

Besides  many  letters  in  the  works  of  Descartes  and  other 
authors. 

MLSOLABE,  or  Muolabium,  a mathematical  in> 
sirument  invented  by  the  ancients,  for  finding  two  mean 
proportionals  mechanically,  which  they  could  not  per- 
form goometrically.  It  consists  of  three  parallelograms, 
moving  in  a groove  to  Certain  intersections.  Its  figure 
is  described  by  Eutucius,  in  his  Commentary  on  Archi- 
medes. See  also  Pappus,  lib.  3. 

METEOIUC  Slones,  or  Aerolites,  certain  semi-roeiallic 
masses  which  sometimes  fall  from  the  atmosphere.  See 
Aa&oLiTn. 

METEOROLOGY,  is  that  part  of  physics  which  treats 
of  the  state  of  the  weather,  and  the  various  phenomena 
of  the  atmosphere ; such  as  hail,  rain,  snow,  thunder, 
lightning,  dec.  Which  see  under  the  n*spective  articles. 

METIUS  (Adrian),  a native  of  Alcmacr,  was  pro- 
fessor of  mathematics  and  medicine  at  Franekcr,  where 
he  died  in  l6'36.  He  was  author  of  several  mathematical 
works : as,  1.  Doctrina Sphsericar;  2.  Astronomic  universe 
Institutio,  8vo;  3.  Ahthmetice  cl  Geomethcae  practica, 
4to;  4.  De  Oemino  usu  utriusque  Glubi,  4to  ; 5.  Gcome- 
trices  per  usum  Ctreini  nova  praxis,  8vo.— The  ratio  1 13 
to  355,  for  the  diameter  to  the  circumference  of  a circle, 
is  ascribed  to  this  author. 

METIUS  (Jambs),  brother  to  Adrian  above-mention- 
ed, who  invented  prospective  glasses,  or  telescopes,  one 
of  which  ho  presented  to  the  Statcs-Gencral,  in  l609< 
Tubes,  with  several  pipes  had  long  been  used  for  direct- 
ing the  sight  to  distant  objects,  and  rendering  it  more  dis- 
.tinct;  but  those  tubes  were  without  glasses,  and  it  seems 
it  was  James  Melius  who  first  added  them.  The  story 
goes,  that  he  discovered  this  method  by  chance,  from 
seeing  some  school-boys  playing  on  the  ice,  who  used  the 
covers  of  their  copy-books  for  tubes,  and  having  in  sport 
placed  bits  of  glass  at  the  ends  of  these  tubes,  were  much 
surprised  to  find,  that  distant  objects,  by  that  means,  ap- 
peared nearer. 

METO,  or  Mrton,  the  son  of  Pausanias,  a famous 
mathematician  of  Athens,  who  rtourished  432  years  befure 
Christ.  In  the  first  year  of  the  87th  Olympiad,  he  ob- 
served the  solstice  at  Athens  : and  published  his  Aimca- 
decatoride,  that  is,  his  cycle  of  19  years  ; by  which  be 
endeavoured  to  adjust  the  course  of  the  sun  to  (hat  of  the 
moon,  and  to  make  the  solar  and  lunar  years  begin  at  the 
same  point  of  time.  SceCYCU. 

Mbtonic  Cyclb,  called  also  the  Golden  Number, 
and  Lunar  Cycle,  or  Cycle  of  the  Moon,  that  which  was 
invented  by  Melon  the  Athenian ; being  a period  of  I9 
years.  See  Cycle. 

METOPE,  or  Mbtopa,  in  Architecture,  the  square 
^pnee  between  the  triglyphs  of  the  Doric  friac;  which 
among  the  ancients  used  to  be  adorned  with  the  heads  of 
beasts,  basons,  vases,  and  other  instruments  used  in  sa- 
enfiemg. 

A Demi^Meiope  is  a space  somewhat  less  than  half  a 
metone,  at  the  corner  of  the  Doric  frise. 

MICHAELMAS,  the  feast  of  $t.  Michael  the  archan- 
gel; held  OD  the  29lh  of  September. 


MICROCOUSTICS,  the  same  with  MiCRornoNts. 

MICROMETER,  is  un  instrument  usually  fitted  to  a 
telescope,  in  the  focus  of  the  object-glass,  for  measuring 
small  angles  or  distances ; as  the  apparent  diameters  of 
the  planets,  &c.  There  arc  several  kinds  of  these  instni- 
meius,  upon  ditfercni  principles ; the  origin  of  which  has 
been  disputed.  The  general  principle  U,  |hat  the  instru- 
ment moves  a fine  wire  paratlcl  to  itself,  in  the  plane  of 
picture  of  an  object,  formed  in  the  focus  of  a tele- 
scope, ami  to  uitb  great  cxactncs»  to  measure  its  perpen- 
dicular distance  from  a fixed  wire  in  the  same  plane : and 
thus  are  measured  small  angles,  sublcndctl  by  remote  ob- 
jects at  the  naked  eye. 

For  eiampie.  Let  a planet  be  viewed  through  the  tele- 
scope; and  when  the  parallel  wires  arc  opened  to  such  a 
distance  as  to  appear  exactly  to  touch  two  opposite  points 
in  the  circumference  of  the  planet,  it  is  evident  that  the 
perpendicular  distance  betwt'en  the  wires  is  dien  equal  to 
the  diameter  of  the  picture  of  the  planet,  mimed  in  the 
focus  of  the  objecl-glfiss.  Let  this  distance,  whose  mea- 
sure is  given  by  the  mechanism  of  the  micrometer,  be  re- 


presented by  the  line  p<f;  then,  since  the  measure  of  the 
local  distance  9L  may  also  be  known,  the  ratio  of  9L  to  9p, 
that  is,  of  radius  to  the  tangent  of  the  angle  qip,  will  give 
the 'angle  itself,  by  a table  of  tangents;  and  this  angle  is 
equal  to  the  opposite  angle  ful,  which  the  real  didineier 
of  the  planet  subtends  at  l,  or  at  the  naked  eye. 

With  respect  to  the  invention  of  the  micrometer;  Mess. 
Asout  and  Picard  have  the  credit  of  it  in  common  fame, 
ns  being  the  first  who  published  it,  in  the  year  I666;  but 
Mr.  Towoley,  in  the  Philos.  Trans,  reclaims  it  for  one  of 
our  own  countrymen,  Mr.  Gascoigne.  He  related  that, 
from  some  scattered  papers  and  letters  of  this  gentleman, 
be  had  (earnt  that  before  our  civil  wars  he  had  invented  a 
micrometer,  of  us  much  efiect  as  that  since  made  by  M. 
Azout,  and  had  mnde  use  of  it  for  some  years,  not  only  iir 
taking  the  diameters  of  the  planets,  and  distances  on  land, 
but  in  determining  other  matters  of  nice  importance  in 
the  heavens ; as  the  moon's  distance,  &c.  Mr.  Gascoigne's 
instrument  also  fell  into  the  handsof  Mr.Townley,who  says 
further,  that  by  the  help  of  it  he  could  make  above  40,000 
divisions  in  a foot.  This  instrument  being  shown  to  Dr. 
Hooke,  he  gave  a drawing  and  description  of  it,  and  pro- 
posed several  improvements  in  it;  which  may  be  seen  in 
the  Philos.  Trans,  vol.  1,  pa.  03.  Mr.  Gascoigne  divided 
the  image  of  an  object,  in  the  focus  of  the  object-glass, 
by  the  approach  of  two  pieces  of  metal,  ground  to  a very 
fine  edge;  instead  of  which,  Dr.  Hooke  would  substitute 
two  fine  hairs,  stretched  parallel  to  each  other:  and  two 
other  rocthodstof  Dr.  Hooke,  dillerant  from  this,  are  de- 
scribed in  his  posthumous  works,  pa.  497,  5cc.  .\n  ac- 
count of  several  curious  observations  which  Mr.  Gas- 
coigne made  by  the  help  of  his  micrometer,  particularly 
in  measuring  the  diameter  of  the  moon  %ud  other  planets, 
may  be  seen  in  the  Philos.  Trans,  vol.  48,  pa.  190 ; where 
Dr.  Bevis  refers  to  an  original  letter  of  Mr.  Gascoigne,  to 
Mr.  Oughtred,  written  in  1641,  for  an  accouut  given  by 
the  author  of  his  own  iovcoliuii,  fitc. 


MIC  C 4»  1 MIC 


Mods.  Lahire»  in  & discourse  on  the  era  of  tho  inven- 
tions  of  ihc  micrometer,  pendulum  cl6ck,  and  tcleocopc, 
retd  before  the  Hoyal  Academy  of  Sciences  in  1717* 
makes  M.  Huygens  the  inventor  of  the  micrometer.  That 
author,  hr  obk*rvis,  in  his  Observations  on  Saturn's  King, 
&c,  published  in  1^3.9*  gives  a method  of  finding  the 
diameters  of  the  phtnets  by  means  of  a telescope,  vis,  by 
putting  an  object,  wliicb  he  calls  a virgula,  of  a sieo  proper 
to  take  in  the  distance  to  bo  measured,  in  the  focus  of  the 
convex  object-glass:  in  this  case,  says  he,  the  smallest ob« 
jeet  will  he  seen  very  distinctly  in  that  place  of  the  glass. 
Wy  such  means,  he  adds,  he  measured  the  diameter  of  tho 
planets,  as  be  'there  delivers  them.  Sec  Huygens's  System 
of  Satuni.  • 

This  miemmeter,  M.  Lahirc  obsones,  is  so  very  little 
different  from  that  publishixl  by  the  Marquis  l)c  Malvasia, 
in  his  Ephemcrides,  3 years  after,  that  they  ought  to  be 
esteemed  the  same:  ami  the  micrometer  of  the  marquis 
differed  yet  lew  from  that  publi:«bcd  4 years  after  bis,  by 
AsoQtand  Picard.  Hence,  Latiire  cuncludc-s,  that  it  is  to 
Huygens  the  world  is  indebted  for  the  Invention  of  the  mi* 
crurncter;  without  taking  any  notice  of  the  claim  of  our 
couhiryinan  Gascoigne,  which  however  is  many  years  prior 
to  any  of  them. 

Lidiire  vayi,  that  there  is  no  method  more  simple  or 
' commodious  for  observing  the  digits  of  an  eclipse,  than  a 
net  in  the  focus  of  the  telescope.  * These,  be  says,  were 
usually  made  of  silken  threads;  and  for  this  particular 
purpose  6'  concentric  circles  had  also  bcea  used,  drawn 
upon  oiled  paper : but  he  advises  to  draw  the  circles  on 
Very  thin  pieces  of  glass,  with  the  point  of  a diamond. 
Ho  aUo  gives  some  particular  directions  to  assist  persons 
in  usibg  them.  In  another  memoir,  he  shows  a roc* 
thod  of  making  use  of  tho  same  net  for  all  eclipses,  by 
usinp  a tele»cupc  with  two  object-glasses,  and  placing 
them  at  different  distance*  from  each  other.  Mem.  1701 
and  1717. 

M.  Cassini  invented  a very  ingenious  mcibod  of  ascer* 
taining  the  right  a&censions  and  declinations  of  stars,  by 
ffxiiig  4 cross  hairs  in  the  focus  of  the  telescope,  and 
turning  it  about  its  axis,  so  as  to  make  them  move  in  n 
line  parallel  to  onu  of  them.  But  the  later  improved 
micrometers  will  answer  this  purpose  with  greater  exact* 
ness.  Dr.  Maskelync  has  published  directions  for  the 
use  of  it,  e.vtracted  from  Dr.  Bradley's  papers,  in  the 
Philos.  Truns.  vol.  Sec  also  Smith's  Optics,  vol.  2, 
pa.  .‘143. 

Wulfius  describes  a micrometcrof  a very  easy  and  simple 
structure,  hrsi  contrived  by  Kirchius. 

Dr.  Derbam  tells  us,  that  his  micrometer  is  not  put  into 
a tube,  as  is  usual,  but  is  contrived  to  measure  the  spectres 
of  (he  sun  on  paper,  of  any  radius,  or  to  measure  any  part 
of  (hem.  By  this  means  he  can  easily,  and  very  exactly, 
with  the  help  of  a hue  thread,  take  the  declination  of  a 
solar  spot  at  any  time  of  the  day;  and,  by  bis  half-seconds 
watch,  measure  the  distance  of  ihu  spot  from  either  limb 
of  (he  sun. 

J.  And.  Segner  proposed  to  enlarge  the  field  of  view  in 
these  micrometeni,  by  making  them  of  a contiderable  ex- 
tent, ami  having  a moveable  eye-glass, or|everal  eye-glasses, 
pUced  opposite  tq^  different  parts  of  it.  He  thought  how* 
<2vcr,  ihatv^o  would  be  quite  sufficient,  and  be  gives  pac- 
(icuUr  directions  how  to  make  use  of  such  micrometers 
to  astronomical  observations.  Bee  Comm. Gotting.vol.1, 
Pit-  27. 


A considerable  improvement  in  the  micrometer  wet 
communicated  to  tbc  Royal  Society,  in  1743,  by  Mr.  S. 
Savary  ; an  account  of  which,  extracted  from  the  minutes 
by  Mr.  Short,  was  published  in  the  Philos.  I’rans.  for 
1753.  The  first  hint  of  such  a micrometer  was  suggested 
byM.  Rocmer,  in  1673:  and  Al.Uuuguer  proprwed  h con- 
Biructionsimilar  to  that  of  M.  Savary,  in  I74tl:  forwhich 
sec  HELioneTEK.  The  late  Mr.  Dollond  made  a further 
improvement  in  this  kind  of  micrometer,  an  account  of 
wbicii  was  given  to  the  Royal  Society  by  Mr.  Short,  and 
published  in  the  Philos.  Tnuu.  vol.  48.  Instead  of  two 
object-glasses,  he  used  only  om:,  which  he  ntiiily  cut  into 
two  semicircles,  and  each  semicircle  in  a metal 

frame,  so  that  their  diuiucters  sliding  in  one  another,  by 
means  of  a screw,  may  have  their  centres  brought  together 
ill  suclt  a manner  as  to  appear  like  one  glass,  and  so  form 
one  image;  or  by  their  centres  receding,  may  form  two 
images  of  the  same  object : it  being  a prioperiy  of  such 
glasses,  fur  any  segment  to  exhibit  a perleci  image  of  an 
object,  though  nut  so  bright  as  the  whole  gloss  would  give 
iL  If  proper  scales  arc  lilted  to  this  instrument,  showing 
how  far  the  centre*  recede,  relative  to  the  focal  length  of 
the  glass,  they  will  also  show  hmr  far  the  two  parts  of  tbc 
same  object  are  asunder,  relative  to  its  distance  from  tbc 
object-glass ; and  consequently  give  the  angle  under  which 
the  distance  of  the  parts  of  (bat  object  are  seen.  Ibis 
divided  object-glass  micrumetVr,  which  was  applied  by 
tbc  late  Mr.  Dollond  to  the  object  end  of  a reflecting  te- 
lescope, and  has  been  with  equal  advantage  adapted  by 
his  sun  to  tho  end  of  an  achromatic  telescope,  is  of  so 
easy  Uve,  and  affords  so  large  a scale,  that  it  is  generally 
considered  by  astronomers  as  the  most  convenient  and 
exact  instrument  /or  measuring  small  angles  in  the  hea- 
vens. However,  the  common  micrometer  is  peculiarly 
adapted  fur  measuring  differences  of  right  ascension,  and 
declination,  of  celestial  objects,  but  less  convenient  and 
exact  for  measuring  their  absolute  disianct*;  whereas  the 
object-glass  micromeler  is  peculiarly  fitted  for  measuring 
distances,  though  generally  supposed  improper  for  the 
former  purpose.  But  Dr.  Maskelync  has  found  that  this 
may  be  applied  with  very  little  trouble  to  that  purpose 
aUo;  and  be  has  furnish^  the  directions  necessary  to  be 
followed,  when  it  is  used  in  this  manner.  The  addition 
requisite  for  this  purpose,  is  a cell,  containing  two  wires, 
intenieciiog  each  ather  at  right  angles,  placed  in  (he  focus 
of  the  eye-glaii  of  the  telescope,  and  moveable  about,  by 
tbc  turning  of  a button.  For  the  description  of  this  ap- 
paratus, with  the  method  of  applying  and  using  it,  see  Dr. 
Muskviyne's  paper  on  tbc  subject,  in  the  Philos.  Trans. 
vol.61.  pa.  536,  Ac. 

After  all,  the  use  of  the  object-glass  micrometer  is  at- 
tended with  many  ditlicultii'S,  aritiug  from  the  alterations 
in  tlie  focus  of  the  eye,  which  are  apt  to  cause  it  to  give 
different  measures  of  the  same  angle  at  different  tiroes.  To 
obviate  these  difCcultics,  Dc.  Maskelync,  in  1776,  con- 
trived a prismatic  micrometer,  consisting  of  two  achro- 
malic  prisms,  or  wedges,  applied  between  the  object- 
glass  ami  eye-glass  of  an  achromatic  telescope,  by  moving 
of  which  wedges  nearer  te  or  farther  from  the  object- 
glass,  (he  two  images  of  an  object  produced  by  them  ap- 
peared to  approach  to,  or  recede  from,  each  other,  so  that 
the  focal  length  of  the  object-glass  becomes  a scale  for 
measuring  the  angular  distance  of  the  two  images.  The 
rationale  and  use  of  this  micrometer  arc  explained  in  the 
Philos.  Trans,  vol.  6‘7,  pa.  799,  Ac.  And  a similar  inven- 
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tiAn  by  the  Abb6  Rochon,  which  wu  Afterwards  improved 
by  the  Abbe  Boscovich,  was  also  communicated  to  the 
Royal  Society,  and  published  in  the  same  volume  of  the 
Transactions,  pa.  789,  &c. 

Mr.  Kamsden  invested  two  other  micrometers,  which  he 
has  contrived  for  remedying  the  Refects  of  the  object* 
glass  micrumetcr.  One  of  these  is  a catoptric  microroe*, 
ter,  which,  besides  the  advantage  it  derives  from  the  prin* 
cipic  of  rcHccliun,  of  not  being  disturbed  by  the  hetero* 
genrity  of  light,  avoids  every  defect  of  other  instruments  of 
this  kind,  and  can  have  no  aberration,  nor  any  defect 
arising  from  the  imperfection  of  materials,  or  of  execu- 
tion ; as  the  great  simplicity  of  its  construction  requires 
no  additional  mirrors  or  glasses,  to  those  necessary  for 
the  telescope;  and  the  separation  of  the  image  being 
effected  by  the  inclinalion  of  the  two  specula,  and  not  de- 
pending on  the  focus  of  a lens  or  mirror,  any  alteration  in 
the  eye  of  an  obst'rver  cannot  affect  the  angle  measured. 
It  has  peculiar  to  itself  the  advantages  of  an  adjustment, 
to  make  the  images  coincide  in  a direction  perpendicular 
to  that  of  tbeir  motion;  and  also  of  measuring  the 
diameter  of  a plauet  on  both  sides  of  the  aero;  which 
will  appear  no  inconsiderable  advantage  to  observers  who 
know  bow  much  easier  it  is  to  ascertain  the  contact  of 
the  external  edgrs  of  two  images,  than  tbeir  perfect  coin- 
cidence. 

The  other  micrometer  invented  and  descril>cd  by  Mr. 
Rainsdcn,  is  adapted  to  the  principle  of  refraction.  It  is 
applied  to  the  erect  ey^tube  of  a refracting  telescofie,  and 
i«  placed  in  the  conjugate  focus  of  the  first  eye-ghiss,  as 
the  image  is  considerably  magnified  bi'fore  it  comes  to  the 
microimirr,  any  imperfection  in  its  glass  will  be  magnified 
only  by  the  remaining  eye-glasses,  which  iu  any  telescope 
seldom  exceeds  ^ or  ff  times;  and  besides, ihe  sise  of  the 
micrometer  glass  will  not  be  the  100th  part  of  the  area 
which  would  be  necessary,  if  it  were  placed  at  the  object- 
glass  ; and  yet  the  same  extent  of  scale  is  preserved,  and 
the  images  are  uniformly  bright  in  every  part  of  tbc  field 
of  the  telescope.  See  the  description  and  construction  of 
these  two  micriimeten  in  the  Pbilos.TraRS.  voh  69,  part 2, 
art.  Jf. 

’ In  vol.  7%  of  the  Philos.  Trans,  for  the  year  1782,  Dr. 
Herschel,  after  explaining  tbc  defects  and  imperfections 
of  the  parallel-wire  micrometer,  especially  for  tnensuring 
the  apparent  diameter  of  stars,  and  the  distances  between 
double  and  multiple  stars,  describes  one,  for  these  pur- 
poses, which  he  calls  a lamp  micrometer  ; one  that  is  fri'e 
from  such  defects,  and  has  the  adva/Uago  of  a very  en- 
larged scale.  In  speaking  of  the  application  of  this  instru- 
ment, be  says,  **  It  is  well  known  to  opticians  and  others, 
who  have  been  in  the  habit  of  using  optical  instruments, 
that  we  can  with  <»nc  eye  look  into  a micrincapc  or  tele- 
scope, and  see  an  object  much  magnified,  while  the  naked 
eye  may  see  a scale  upon  which  the  magnified  picture  is 
thrown.  ^ In  this  manner  I have  generally  determined  the 
power  of  my  telescopes;  and  any  one  who  has  acquired 
a facility  of  taking  such  observations,  will  very  seldom 
mi^take  so  much  as  one  in  50  in  determining  the  power  of 
an  instrument,  and  that  degree  of  exactness  is  fully  suffi- 
cient for  the  purpose. 

**  The  Newumian  form  is  admirably  adapted  to  tbc 
use  of  this  inicroroeiur;  for  the  observer  stands  always 
erect,  and  looks  in  a horizontal  direction,  notwiilMtanding 
the  telescope  should  be  elevated  to  the  senith. — Tlic  scale 
of  tbc  micrometer  Ml  the  conrcnieui  distance  of  lOfeit  from 
Vol.  II. 


the  eye,  with  Ihe  power  of  46O,  is  above  a quarter  of  an 
inch  to  a second  ; and  by  putting  on  my  power  of  982.  1 
obtain  a scale  of  mure  than  half  an  inch  to  a second,  with- 
out increasing  the  distance  of  the  micrometer;  whereas 
the  most  perfect  of  tny  former  micrometers,  with,  the  same 
instrument,  had  a scale  of  less  than  the  2000th  part  of  an 
inch  to  a second. 

**  The  measures  of  this  micrometer  arc  not  confined  to 
double  stars  only*  but  may  be  applied  to  any  other  objects 
that  require  the  utmost  accuracy,  such  as  the  diameters  of 
tbc  planets  or  their  utcllites,  the  mountains  of  the  moon, 
the  diameters  of  the  fixed  stars, 

The  micrometer  has  not  only  been  applied  to  tele- 
scopes, and  cropioyed  for  astronomical  purposes ; but 
there  have  bn‘u  various  contrivances  for  adapting  it  to 
microscopical  obsi*rva(ions.  Mr.  I.eeuwenboek’s  method 
of  estimating  tbc  site  of  small  objects,  was  by  comparing 
them  with  grains  of  satid,  of  which  i 00  in  a line  took  up  an 
inch.  These  grains  he  laid  upon  the  same  plate  with  bis 
objects,  and  viewed  them  at  tbc  same  time.  Dr.  Jurins 
method  was  similar  to  this;  for  be  found  tbc  diameter  of 
a piece  of  fine  silver  win*,  by  wrapping  it  very  close  upon 
a pin,  and  observing  bow  many  rings  mode  an  inch:  and 
he  used  this  wire  in  tbc  same  manner  a<  Leeuwenhoek 
used  his  sand.  Dr.  Hooke  used  to  look  upon  the  magnified 
object  with  ojvceyc,  while  at  the  same  time  he  viewed  other 
objects,  placed  at  the  same  distance,  with  the  other  eye. 
lu  this  mann<‘r  he  was  able,  by  the  help  of  a ruler,  divided 
into  inches  and  small  pans,  and  laid  on  the  pedestal  of 
the  microscope,  as  it  were  to  cast  the  magnified  appear- 
ance of  the  object  upon  the  ruler,  and  thus  exactly  to 
measure  the  diamrler  which  it  appeared  to  have  through 
the  glass ; and  this  being  compared  with  the  diameter  as 
it  appeared  to  the  naked  rye,  easily  determined  the 
degree  in  which  it  was  magnified.  A little  practice,  says 
Mr.  Kakcr,  will  render  this  method  exceedingly  easy  and 
pleasant. 

Mr.  Marlin,  in  his  Optics,  recommends  such  a mi- 
crometer for  a microscope  as  had  been  applied  to  te- 
lescopes; for  he  advises  to  draw  a number  of  parallel 
lines  on  a piece  of  glass,  with  the  fine  point  of  a dia- 
mond, at  distance  of  one  46th  of  an  inch  from  one 
another,  and  to  place  it  in  the  focus  of  the  eye-glass. 
By  this  method,  Dr.  Smith  contrived  to  take  the  exact 
draught  of  objects  viewed  by  a double  microscope ; for 
this  purpose  he  advises  the  observer  to  get  a lattice,  made 
with  small  silver  wires  or  squares,  drawn  upon  a plain 
glass  by  the  strokes  of  a diamond,  and  to  put  it  into  tbc 
place  of  the  image  formed  by  the  object-glass.  Then,  by 
transferring  the  parts  of  the  object,  i(*cn  in  the  squares  of 
the  glass  or  lattice,  upon  similar  corresponding  squares 
drawn  on  paper,  the  picture  may  be  exactly  taken.  Mr. 
Marlin  also  introduced  into  compound  microscopes  an- 
other micrometer,  consisting  of  a screw,  bee  both  these 
methods  described  in  his  Optics,  pa.  277. 

A very  accurate  division  of  a scale  is  performed  by  i^Ir. 
Coventry,  of  Southwark.  Tbc  micrometers  of  bis  con- 
struction arc  parallel  lines  drawn  on  glass,  ivory,  or  me- 
tal, from  the  lOih  to  the  16,000ih  part  of  an  inch.  These 
may  be  applied  lo  microscopes,  for  measuring  the  si%e  of 
minute  objects,  and  the  magnifying  power  of  tlie  glasaes; 
and  to  tcli'^copcv,  for  measuring  the  size  and  disUuice  of 
objects, and  ilie  magnifying  power  of  the  instrument.  To 
measure  the  siac  of  an  object  in  & single  microscof>c;  lay 
it  oil  a micrometer,  whose  lines  arc  seen  magnified  m tbc 
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same  proportioa  with  it,  ind  they  wlllpvc  at  ona  view  the 
real  siie  of  the  object.  For  roea»uring  the  magnifying 
power  of  the  compound  microscope,  the  best  and  readiest 
method  is  the  following:  On  the  sUge  in  the  focus  of  the 
object-glass,  lay  a roicrometrr,  consisting  of  an  inch  di- 
vided into  100  equal  parts;  count  how  many  divisions  of 
the  micrometer  arc  taken  into  the  field  of  view;  then  lay 
a two-foot  rule  parallel  to  the  micrometer : fix  one  eye  on 
the  edge  of  the  held  of  light,  and  the  other  eye  on  the  rnd 
of  the  rule,  which  move,  till  the  edge  of  the  field  of  light 
and  the  end  of  the  rule  correspond;  then  the  distance 
from  the  end  of  the  rule  to  the  middle  of  the  stage,  will 
be  half  the  diameter  of  the  field  : ex.  gr.  If  the  distance 
be  10  inches,  the  whole  diarhetcr  will  be  20,  and  the 
number  of  the  divisions  ofnbe  micromcLer  contaim^  in 
the  diameter  of  the  field,  is  the  magnifying  power  of  the 
microscope.  For  measuring  the  height  and  distance  of 
objects  by  a micrometer  in  the  telescope,  see  Tklbscope. 

Mr.  Adams  has  applied  a micrometer,  that  shows  im- 
OQcdiately  the  magnifying  power  of  any  telescope. 

In  the  Philos.  Trans,  for  I791»  * very  simple  scale  mi- 
crometer for  measuring  small  angles  with  the  telescope  is 
described  by  Mr.  Cnvallo.  Hiis  micrometer  consists  of  a 
thin  and  narrow  slip  of  mother-of-pearl  finely  divided,  and 
placed  in  the  focus  of  the  eye-glaas  of  a telescope,  just 
where  the  image  of  the  object  is  formed  ; whether  the  te- 
lescope is  a refiector  or  a refractor,  provided  the  eye-glass 
be  a convex  lens.  This  substance  Mr.  Cavallo,  after 
many  triads,  found  much  more  convenient  than  either 
glass,  ivory,  horn,  or  wood,  as  it  is  a very  steady  substance, 
the  divisions  very  easy  marked  upon  it,  and  when  made  as 
thin  as  common  writing-paper  it  has  a very  useful  degree 
of  transparency. 

On  thw  subject,  sec  M.  Azout^s  Tract,  contained  in 
Divert  Ouvrages  de  Maiheroatiquc  et  dc  Phisique;  par 
hlestieurs  de  TAcademie  Royal  des  Sciences;  M.  dc  la 
Hire’s  Aitronomicae  Tabule ; Mr.  Townlcy,  in  the  Philos. 
Trans.  No.  21 ; Wolfius,  in  bis  Elcm.  Astron.  § 608  ; Dr. 
Hooke,  and  many  others,  in  the  Philos.Trans.  No.  29,  dec; 
Hevelius  in  the  Acta  Eruditonsm,  ann.  1708;  Mr.  Uai- 
thascr,  in  bis  Micruractria;  also  several  volumes  of  the 
Paris  Memoirs,  dtc. 

MICROPHONES,  instruments  contrived  to  magnify 
small  sounds,  as  microscopes  do  small  objects. 

MICROSCOPE,  an  optical  instrument,  composed  of 
lenses  or  mirrors,  by  means  of  which  smull  objects  are 
made  to  appi-ar  larger  than  they  do  to  the  naked  eye. 

Microscopes  are  distinguished  into  simple  and  com- 
pound, or  single  and  double. 

Simple,  or  Single  Microscopes,  are  such  as  consist  of 
a single  lens,  or  a single  spherule.  Ami  a 

expound  Microscope  consists  of  several  Imves  pro- 
perly Combined,— As  optics  have  been  improved,  other 
varieties  have  been  contrived  in  this  instrument:  Hcncc 
refiecting  microscopes,  water  micrusenpes,  fee.  It  is  not 
certainly  known  when,  or  by  whom,  mirr<wc(*pes  were  first 
invented  ; though  it  is  probable  they  would  soon  lulluw  on 
the  use  of  telescopes,  since  a microscope  is  like  a telescope 
inverted.  We  are  informed  by  Huygens,  that  one  Orebell, 
a Dutchman,  had  tbc  first  microscope,  in  the  year  1621, 
and  that  he  was  reputed  the  inventor  of  it : though  F. 
Fontana,  a Neapolitan,  in  l646,  claims  the  invention  to 
himself,  and  dates  it  f^ra  the  year  l6l8.  IW  this  .is  it 
may,  it  seems  they  were  first  used  in  Germany  about 
1021 ; and  according  to  Peter  Rorelli,  they  were  invented 


by  Zacharias  Jansen  and* his  son,  who  presented  the  first 
microscopes  they  had  constructed  (u  prince  Maurice,  and 
to  Albert  arch-duke  of  Austria.  William  Borclli,  who 
gives  this  account  in  a letter  to  his  brother  Peter,  says, 
that  when  he  was  ambassador  in  England,  in  16’J9,  Cor- 
nelius Drebell  sbowed^hiro  a microscope,  which  be  said 
wus  the  sume  that  the  archduke  had  given  him,  and  had 
been  made  by  Jansen  himself.  Borelli  De  vero  Tele- 
scopii  inveotore,  pa.  35,  also  on  the  Microscope.  Se« 
Lens. 


Theory  and  Foundation  qf  Microscopes. 

If  an  object  be  placed  in  the  focus  of  the  convex  lens 
of  a single  microscope,  and  the  eye  be  very  near  on  the 
other  side,  the  object  will  appear  distinct  in  an  erect 
situation,  and  be  magnified  in  the  raiio  of  the  focal  dis- 
tance of  the  lens,  to  the  ordinary  distance  of  distinct  vi- 
sion, vis,  about  8 iuches.  So,  if  tbc 
object  AB  be  placed  in  the  focus  p,  of 
a small  glass  sphen*,  and  the  eye  be- 
hind it,  as  in  the  focus  o,  the  object 
will  appear  distinct,  and  in  an  erect 
posture,  its  diameter  being  iucrca.sed 
ill  the  ratio  of  j of  the  diameter  El  to  8 
inches.  If,  ex.  gr.  the  diameter  ei  of 
the  small  sphere  be  of  an  inch  ; then 

CE  and  PE  = tl»^t 

cp  s ^ ; then  as  ^ : 8,  or  as  3 : 320, 
or  as  1 : 106|  : : the  natural  size  to  the  magnified  appear- 
ance; in  which  case,  the  object  is  magnified  about  107 
Limes. 

Hence  the  smaller  tbc  spherule  or  the  lens  is,  so  much 
the  more  is  the  object  magnified.  But  then,  so  much  the 
less  part  is  comprv'hciMlcd  at  one  view,  and  so  much  the 
less  distinct  is  the  appearance  of  the  object.— Equal  ap- 
pearances of  the  same  object,  formed  by  different  combi- 
nations, become  obscure  in  proportion  as  the  number  of 
rays  constituting  each  pencil  decreases,  that  is,  in  propor- 
tion to  the  smallm-ss  of  the  object-glass.  Therefore,  if  the 
diameter  of  the  object-glass  exceeds  the  diameter  of  the 
pupil,  as  many  limes  as  the  diameter  of  the  appearance 
e.xcceds  the  diameter  of  the  object;  the  appearance  will 
be  as  clear  and  distinct  as  tbc  object  itself. 

But  the  diameter  of  the  object-glass  cannot  be  so  much 
increased,  without  increasing  at  the  same  time  the  focal 
distances  of  all  the  glasses,  and  consequently  the  length  of 
the  instrument:  otherwise  the  rays  would  fall  too'  ob- 
liquely on  the  ey<v;;iass,  and  the  appearance  become  con- 
fused and  irregular. 

There  are  several  kinds  of  single  microscopes;  of  which 
the  following  is  the  most  simple,  ab  (plate  22,  fig.  1) 
is  a small  lube,  to  one  end  of  which,  fic,  it  fitted  a plane 
glass ; and  to  tfiis  iiny  object,  as  a gnat,  the  wing  of  an  in- 
sect, or  the  like,  is  applied;  to  the  other  end  au,  at  a 
proper  disLince  from  the  object,  is  applied  a lens,  convex 
on  both  sides,  of  about  an  inch  in  diameter:  the  plane 
glass  is  turned  to  the  sun,  or  the  light  of  a candle,  and  the 
object  is  .seen  magnified.  And  if  the  tube  be  made  to 
draw  out,  leiiM'^  or  segments  of  difierent  spheres  may  be 
used. 

Again,  a lens  convex  on  both  sides,  is  inctosiul  in  t C4*ll 
AC  (fig.  2),  and  held  there  by  the  screw  h.  I'hrough  the 
stem  or  pedestal  CD  passes  a long  screw  ef,  carrying  a 
stile  or  ne<‘dle  eg.  In  e is  a small  tube;  on  which,  and 
on  the  piMiit  o,  the  various  objc'CU  arc  to  be  disposed. 
Thus,  lenses  of  various  spheres  may  be  applied. 
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A g«Kh)  simple  instrument  of  this  kind  is  Mr.  Wilton’s 
pocket  microscope,  which  has  9 difierent  magnifying 
glasses,  8 of  which  may  be  use<l  with  two  different  instru* 
reenis,  for  the  belter  applying  them  to  various  objects. 
One  of  these  instruments  is  represented  at  aabb  (hg.  3), 
which  is  made  cither  of  brass  or  ivory.  There  arc  three 
thin  brass  plates  at  a,  and  a spiral  spring  h of  sled  wire 
within  it : to  one  of  the  thin  plates  of  brass  is  fixed  a piece 
of  leather  r;  with  a small  furrow  o,  both  in  the  leather, 
an<l  brass  lu  which  it  it  fixed  : in  one  end  of  this  instru- 
nit-nt  t^ere  is  a long  screw  d,  with  a convex  glass  c,  placed 
at  the  end  it;  at  the  other  end  of  the  instrument  there  is 
a hollow  screw  oo,  in  which  any  of  the  magnifying  glasses, 
M,  are  screwed,  when  they  are  to  be  made  use  of.  The  9 
different  magnifying  glasses  are  all  Mt  in  ivory,  8 of  which 
arc  set  in  the  iminncr  expressed  at  M.  The  greatest  mag- 
nifier is  marked  upon  the  ivory,  m which  it  is  set,  num- 
4>er  1,  the  next  number  2,  and  so  on  to  number  8 ; the 
9th  glass  is  not  marked,  but  it  tetin  the  manner  of  a little 
barrel  box  of  ivory,  as  at  b.  At  ee  is  a fiat  piece  of  ivory, 
of  which  there  arc  8 belonging  to  this  sort  oi  microscopes 
(though  any  one  who  has  a mind  to  keep  a register  of  ob- 
jects may  have  as  manv  of  them  as  he  pii'ases)  ; in  each  of 
therrr  there  arc  3 holei.^,  in  which  3 or  more  objects  are 
placed  between  two  thin  glasses,  or  talcs,  when  they  are  to 
used  with  the  gr«*uter  magnifiers. 

The  use  of  this  instrument  aabb  is  as  follows:  A han- 
dle w,  from  fig.  4,  being  screwed  upon  the  button  s,  take 
one  of  the  Hat  pieces  of  ivory  or  sliders  ee,  and  slide  it  be- 
tween the  two  thill  plates  of  brass  at  e,  through  the  body 
ol  the  microscope,  so  that  the  object  to  be  viewed  be  just 
in  the  middle ; observing  to  put  that  side  of  the  plate  re, 
where  the  brass  rings  arc,  farthest  from  the  end  aa  : then 
screw  into  the  hollow  screw,  oo,  the  3d,  4th,  6th,  6th,  or 
7th  magnifying  gloss  si ; which  being  done,  put  the  end 
A A close  to  your  eye,  and  while  looking  at  the  object 
through  the  magnifying  glass,  screw  in  or  out  the  long 
screw  D,  and  this  moving  round  upon  the  leather  v,  held 
tight  to  it  by  the  spiral  wire  h,  will  bring  the  object  to  the 
true  distance;  which  may  be  known  by  seeing  it  clearly 
and  distinctly. 

Thus  may  be  viewed  all  transparent  objects,  dusts,  li- 
quids, crystals  of  salts,  small  insects,  such  as  fleas,  mites, 
&c.  If  they  be  insects  that  will  creep  away,  or  such  ob- 
jects as  arc  to  be  kept,  they  may  be  placed  between  the 
two  register  glasses//.  For,  by  taking  out  the' ring  that 
keeps  in  the  glasses//,  where  the  object  lies,  they  will  fall 
nut  of  themselves ; so  the  obJ(*ct  may  be  laid  tx'iween  the 
two  hollow  sides  of  them,  and  the  ring  put  in  again  as  be- 
fore; hut  if  the  objects  be  dusts  or  liquids,  a small  drop  of 
the  liquid,  or  a little  of  the  dust  laid  on  the  outside  of  the 
glassy/,  and  applied  as  before,  will  be  see*  very  easily. 

As  to  the  1st,  2d,  and  3d  magnifying  glasses,  l^ing 
marked  with  a upon  the  ivory  in  which  they  are  set, 
they  are  only  to  be  used  with  those  plates  or  sliders  that 
arc  also  marked  with  a -»-,in  which  thcobjects'arc  placed 
between  two  thin  talcs ; because  the  thickness  of  tbe  glasses 
in  tbe  other  plates  or  sliders,  hinders  the  object  from  ap- 
proaching to  the  true  distance  from  these  greater  magni- 
fiers. But  the  manner  of  using  them  is  the  same  with 
the  former.  • 

For  v iewing  tbe  circulation  of  the  blood  at  the  extremi- 
ties of  the  aricrietend  veins,  in  the  transparent  parts  of 
fishes’  tails,  See,  there  are  two  glass  tubes,  a larger  and  a 
smaller,  as  expressed  at  gg,  into  which  tbe  animal  is  pul. 


When  these  tubes  are  tb  be  used,  turn  the  end  screw  n io 
tbe  body  of  the  microscropc,  until  the  tube gg  can  be  easily 
roceived  into  that  little  cavity  g of  the  brass  plate  fasten- 
ed to  the  leather  f under  the  other  two  thin  plates  of  brass 
at  R.  When  the  tail  of  the  fish  lies  flat  on  the  glass  tube, 
set  it  opposite  to  the  magnifying  glass,  and  bringing  it  to 
the  proper  distance  by  screwing  in  or  out  tbe  end  screw 
D,  and  you  will  then  clearly  perceive  the  circulation  of 
the  blood. 

To  view  the  blood  circulating  iu  the  foot  of  a frog; 
choose  such  a frog  as  will  just  go  into  the  tube ; then  with 
a little  stick  expand  its  hinder  foot,  which  apply  close  to 
the  side  of  the  tube,  observing  that  no  part  of  the  frog  bin-* 
ders  the  light  from  coming  on  its  foot;  and  when  it  is 
brought  to  tbe  proper  distance,  by  means  ol  the  screw  o, 
tbe  rapid  motion  of  the  blood  will  be  seen  in  its  vc-ssels, 
which  arc  very  numerous,  in  the  transparent  thin  mem- 
brane or  wob  l^twccn  the  toes.  For  this  object,  tbe  4(h 
and  6tb  magnifiers  will  do  very  well ; but  the  circulation 
may  be  seen  in  the  tails  of  watcr-newU  in  the  6lh  and  7tb 
glasses,  because  the  globules  of  the  blood  of  those  new  ts 
are  as  laige  again  as  the  globules  of  tbe  blood  of  frogs  or 
small  fish,  as  has  been  remarked  in  No.  280  of  the  Phi- 
los. T rans.  pa.  1 1 84. 

The  circulation  cannot  so  well  be  seen  by  the  1st,  2d, 
and  3d  magnifiers,  because  the  thickness  of  the  glass  tube, 
containing  tbe  fish,  hinders  the  approach  of  tbe  object  to 
the  focus  of  the  magnifying  glass.  Fig.  4 is  another  imtru- 
ment  for  this  purpose* 

In  viewing  objects,  one  ought  to  be  careful  not  to  hinder 
the  light  from  falling  upon  them  by  tbe  bat,  hair,  or  any 
other  thing,  especially  in  looking  at  opaque  objects;  for 
nothing  cm  be  seen  with  tbe  best  of  glasses,  unless  the  ob- 
ject be  at  a due  distance,  with  a sufficient  light.  The  best 
lights  for  the  plates  or  sliders,  when  the  object  lies  between 
the  two  glasses,  is  a clear  sky-light,  or  where  the  sun  shines 
on  something  white,  or  tbe  reflection  of  the  light  from  a 
looking-glass.  The  light  of  a candle  is  also  very  proper 
for  viewing  small  objects,  though  it  be  a little  uneasy  to 
those  who  ore  not  practised  in  the  use  of  microscopes; 

To  coMtsmaii  GLm  ^>heruUi/m‘  Micaoacorxa. — There 
are  several  methods  for  this  purpose.  Uartsoeker  first  im- 
proved single  microscopes  by  using  small  globules  of  glass, 
melted  in  the  flame  of  a candle;  by  which  he  discovered 
the  animalcule  in  semine  masculino,  and  thereby  laid  the 
foundation  of  a new  system  of  generation.  Wolfius  de» 
scribes  tbe  following  method  of  making  such  globules : A 
small  piece  of  very  fine  glass,  sticking  to  the  wet  point  of  a 
steel  needle,  is  toM  applied  to  the  extreme  blucUh  part  of 
the  flame  of  a lamp,  or  rather  of  spirits  of  wiiK.*,  which  will 
not  black  it;  being  there  melted,  and  run  into  a troall 
round  drop,  it  is  to  be  removed  from  the  flame,  on  which 
it  instantly  ceases  to  be  fluid.  Then  folding  a’tiiin  plate 
of  brass,  and  making  very  small  smooth  perlurations,  so 
as  not  to  leave  any  roughness  on  the  surfaces,  and  also 
smoothing  them  over  to  prevent  any  glaring,  fit  the  sphe- 
rule between  the  plates  against  tbe  apertures,  and  put  the 
whole  in  a frame,  with  objects  convenient  for  obaervation* 

Mr.  Adams  gives  another  method,  thus:  Take  a piece 
of  fine  window-glass,  and  rase  it,  with  a diamond,  into  as 
many  lengths  as  you  think  needful,  not  more  tlian  l-8lh 
of  an  inch  in  breadth  ; thon  holding  one  of  thiVM*  lengths 
between  the  fore^finger  and  thumb  of  each  hand,  over  a * 
very  fine  flame,  till  the  glass  begins  to  soften,  draw  it  out 
till  it  be  as  fine  as  a hair,  and  break ; then  aj^plying  each 
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of  the  ends  into  the  purest  part  of  the  flame,  you  presently 
have  two  spheres,  which  may  be  made  greater  or  less  at 
pleasure : if  they  remain  ion^  in  the  flame,  they  will  have 
spots;  so  that  they  must  be  drawn  out  immodiattdy  after 
they  arc  turned  round.  Break  the  stem  off  as  near  the 
globule  as  possible;  and,  lodging  the  remainder  of  the 
stem  bctwix;n  the  plates,  by  driilmg  the  hnlu  exactly 
round,  all  the  protuberances  are  buried  between  the 
plates  ; and  the  microscope  performs  to  admiration. 

Mr.  Butterfield  gave  another  manner  of  making  these 
globules,  in  No.  141  of  Philos.  Tratis. 

In  any  of  those  ways  may  the  spherules  be  made  much 
smaller  than  any  lens  ; so  (hat  the  bi'sl  single  nticroscopes, 
or  such  as  magnify  the  most,  are  made  of  them.  Leeuwen- 
boeck  and  Musschenbroek  have  succeeded  very  well  in 
spherical  microscopes,  and  their  greatest  magniflers  en- 
larged the  diameter  of  an  object  about  lO'O  times  ; Philos. 
Tads.  voI.  7,  pa.  129,  and  vol.  8,  pa.  121.  But  the  small- 
est globules,  and  conM'qurntly  the  highest  magnifiers  for 
microscopes,  were  made  by  F.  dc  Torre  of  Naples,  who, 
in  1765,  sent  four  of  them  to  the  Koyal  Society.  The 
largest  of  them  was  only  two  Paris  points  in  diameter,  and 
magnitie^l  a line  640  times ; the  second  was  the  sise  of  one 
Paris  point,  and  magnifleJ  1280  timet;  and  the  3d  no 
more  than  half  a Paris  point,  or  the  144th  part  of  an  inch 
in  diameter,  and  magnified  2560  times.  But  since  the 
focus  of  a glass  globule  is  at  (he  distance  of  ono-4th  of  its 
diameter,  and  therefore  that  of  the  3d  globule  of  de  Torrt‘, 
aboya  mentioned,  only  the  576th  part  of  an  inch  distant 
from  the  object^  it  must  be  with  the  utmost  difficulty  that 
globules  to  minute  as  (hose  can  be  employed  to  any  pur* 
pose ; and  Mr.  Baker,  to  whose  examination  they  were  re- 
ferred, Considers  them  as  matters  of  cariosity  rather  than 
of  real  use.  Philos.  Trans,  vol.  55,  pa.  246,  vol.56,  pa.67« 

Water  Micaoscopa.  Mr.  S.  Gray,  and,  after  him, 
Vfolfius  and  others,  have  contrived  water  microscopes, 
consisting  of  spherules  or  lenses  of  water,  instead  of  glius. 
But  since  the  distance  of  the  focus  of  a lens  or  sphere  of 
water  is  greater  than  that  in  one  of  glass,  the  spheres  of 
which  they  are  segments  being  the  same,  consequeiuly  wa- 
ter microscopes  magnify  less  tlian  those  of  glass,  and  there- 
fore arc  less  esteemed.  Mr.  Gray  first  observed,  (bat  a 
small  droporspherule  of  water,  held  to  the  eye  by  candle- 
light or  moon-light,  without  any  other  apparatus,  magni- 
fied ibc  animalcules  contairted  in  it,  vastly  more  than  any 
other  microscope.  The  reason  is,  that  the  rays  coming 
from  the  interior  surface  of  the  first  hemisphere,  are  re- 
flected so  as  to  fall  under  the  same  angle  on  the  surface 
ot  the  hinder  hemisphere,  to  which  the  eye  is  applied,  as 
if  they  came  from  the  focus  of  the  spherule;  whence  they 
are  propagated  to  (he  eye  in  the  same  manner  as  if  the  ol^ 
jects  were  place<l  without  the  spherule  in  its  focus. 

Hollow  glass  spheres  of  alxjut  half  an  inch  diameter, 
filled  with  spirit  of  wine,  are  often  used  for  microscopes; 
.but  they  do  r>ot  magnify  near  so  much. 

Theorjf  of  Compottnd  or  Double  M(caoscops.s.-— Sup- 
pose an  object-glass  ED,  the  segment  of  a very  small 


sphere,  and  the  object  a a placed  without  the  focus  r. 
Suppose  au  eye-glass  oh,  convex  on  both  sides,  and  the 
segment  of  a sphere  greater  than  that  of  UE,  though  not 


U‘hind  the  object,  that  ct  : ci. : : cl  : ck.  Lastly  su{>- 
posc  LK  : LM  : : LSI  : Lt.  If  then  o be  (he  place  where 
an  object  is  seen  distinct  with  (he  naked  eye;  the  eye 
ill  this  casi*,  being  placed  vl  I,  will  sec  the  object  ab 
distinctly,  in  an  inverted  position,  and  m.ignified  in  the 
compound  ratio  of  mk  x lc  to  lk  x co;  us>  is  proved 
by  the  laws  of  dioptrics;  that  is,  the  image  is  larger  than 
the  object,  and  wc  are  able  to  view  it  disiinclty  at  a less 
distance.  For  example— If  the  image  be  20  limes  larger 
than  the  object,  and  by  the  help  of  (he  eye-glass  we  arc 
able  to  view  it  5 times  nearer  than  we  could  have  dune 
vkith  the  naked  eye,  it  will,  on  bulb  these  accounts,  be 
magnified  5 times  20,  or  100  umes. 

Laws  Double  Michoscofes. 

\.  The  more  an  object  is  magnified  by  the  microscope, 
the  less  is  its  field,  he.  (be  le^s  ot  it  is  taken  mat  one  view. 

2.  To  the  same  eye-glass  may  be  successively  applied 

object-glasses  of  varinus  spheres,  so  ms  that  both  the  etiiire 
objects,  but  less  magnified,  and  their  M^vcral  parts,  much 
more  magnified,  may  be  viewed  through  the  same  micro- 
scope. In  which  case,  on  account  of  the  dilferent  distance 
of  the  image,  the  lube  in  which  the  lenses  arc  fitted  should 
be  made  to  draw  out.  * 

3.  Since  it  is  proved,  that  the  distance  of  (he  image  lk, 
from  the  object-glass  ne,  will  be  g^reutcr,  if  anollicr  lens, 
concave  on  both  sides,  be  placed  oeJore  its  ibcus;  it  fol- 
lows, (hat  the  object  will  be  magnified  the  more,  if  such 
a lens  be  here  placed  between  the  objt'cl-glass  db,  and  the 
eye-glassoii.  Such  a microscope  is  much  commendedby 
Omradi,  who  UK*d  an  object-lens,  convex  on  both  sides, 
whose  radius  was  2 digits,  its  aperture  equal  to  a mustard- 
seed  : a lens,  concave  on  both  sides,  from  12  to  I6  digits ; 
and  an  eye-glass,  convex  on  both  sides,  of  6 digits. 

4.  Since  the  image  is  projected  to  the  greater  distance, 
the  nearer  another  lens,  of  a segment  of  a larger  sphere,  is 
brought  to  the  objrct^lass  ; a microscope  may  be  com- 
posed of  three  lenses,  which  will  magnify  to  a prodigious 
extent. 

5.  From  these  considerations  it  follows,  that  the  object 
will  be  magnified  the  more,  as  the  eye-glass  is  the  segment 
of  a smaller  sphere;  but  the  field  of  vision  will  be  the 
greater,  as  the  same  is  a segment  of  a larger  sphere. 
'I'hiTcfore  if  two  eye-glasses,  the  one  a segment  of  a larger 
sphere,  the  other  ol‘ a smaller  one,  be  so  combined,  as  that 
the  object  appearing  very  near  through  them,  i.c.  not 
farther  distant  than  the  focus  of  the  first,  be  yet  distinct ; 
the  object,  at  (be  same  lime,  will  be  vastly  magnified,  and 
the  field  of  vision  much  greater  than  if  only  one  lens  wras 
used;  and  the  object  will  be  still  more  magnified,  and  the 
field  enlarged,  if  both  the  object-glass  and  eye  gloss  be 
double.  Bui  becouse  an  object  appears  dim  when  viewed 
through  so  many  glasses,  part  of  the  rays  being  nflected 
in  passing  thniugh  each,  it  is  not  adviseable  greatly  to 
multiply  glasses ; so  that,  among  coin^Kiuud  microscopes, 
the  b^c  are  those  which  consist  of  one  objcct-gUiS  and 
two  eye-glasses. 

Dr.  Hooke,  in  the  preface  to  his  .Micrography,  says, 
that  in  most  of  his  obWrvatiuns  he  used  a micrescopc  of 
this  kind,  with  a middle  rye-gl.'issofa  considerable  diime- 
ler,  when  he  wanted  to  sec  much  of  the  object  ut  upeview, 
and  took  it  out  when  be  would  e.vamine  the  somll  parts 
of  an  object  more  accurately;  for  the  fewer  ri*fraciions 
(here  are,  the  more  light  and  clear  the  object  appears. 

For  a miscroscopc  of  three  lenses  Dc  Chalus  rccom- 
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mentU  an  objcct-«;tass  of  ^ or  | of  a digit ; and  the  first 
cyc-gla^i  lie  makes  2 or  2{  digits;  and  the  distance  bo* 
twe«  n ibe  object-glass  and  cyi'-glass  about  20  Con- 

cadi  haul  an  ex(H‘llent  niiscro»co|>r,  wliosc  object-glass  was 
hair  a digit*  and  the  two  eye-glasses  (which  were  placed 
vciy  near)  digits  ; but  it  answered  best  when,  instead  of 
tho  object-glass,  lie  used  two  glassi-s,  convex  on  both  sides, 
tbeir  sphere  about  a digit  and  a half,  and  at  most  2,  and 
their  convexities  touching  each. other  within  the  space  of 
half  a line.  Kustachio  Divini,  instead  of  an  object-glass 
convex  on  both  sides,  used  two  plano-convex  lenses,  whose 
convexities  touched.  GHndeli  did  the  same;  only  that 
the  convexities  did  not  quite  touch.  Zabnius  made  a 
binocular  micriiscope,  with  which  both  eyes  were  used. 
But  the  most  commodious  double  microscope,  it  is  said, 
is  that  of  our  countryman  Mr.  Marshal;  though  some  im- 
provement was  made  in  it  by  Mr.  Culpepper  and  Mr. 
Scarlet.  These  are  exhibited  in  figures  3 and  6. 

It  is  observed,  that  compound  microscopes  sometimes 
exhibit  a fuiUctous  appearance,  by  representing  convex 
objects  concave,  and  vice  versa.  Philos.  'I^na..No.476, 
pa.  387. 

To  fit  microscopes,  as  well  as  tcleKoprs,  to  short-sighted 
eyes,  the  object-glass  and  the  cyc-glaas  must  be  placed  a 
little  nearer  together,  m>  that  the  rays  of  each  pencil  may 
not  emerge  pamilel,  but  may  full  diverging  upon  the  eye. 

Rtjlcctin^  Microscope,  is  that  which  magnifies  by  re- 
flection, as  the  foregoing  ones  do  by  refraction.  The  in- 
ventor of  this  microscope  was  Sir  Isaac  

Newton.  The  structure  of  such  a mi- 
croftcupc  may  be  conceived  thus:  near  ( 

the  focus  of  a concave  speculum  ab,  \ / 

place  a minute  object  c,  that  its  image  \ / 

may  be  formed  larger,  than  itself  in  d ; to  \ / 

the  speculum  join  a lens,  convex  on  both  ^ 

sides,  Ef.  so  as  the  imago  D may  be  in  its 
focus.  The  eye  will  here  see  the  image 
inverted,  but  distinct,  and  enlarged ; con-  H 1 

sequcntly  the  object  will  be  larger  than  I r 

if  viewed  through  the  loos  alone. 

Any  telescope  is  changed  into  a microscope,  by  rem<H 
ving  the  object-glass  to  a greater  distance  from  the  eye- 
glass. And  since  the  distance  of  the  image  is  various,  ac- 
cording to  the  distance  of  the  object  from  the  focus ; and 
it  is  magnified  the  mure,  as  its  distance  from  the  object- 
glass  is  greater;  the  same  telescope  may  be  successively 
changed  into  microscopes  which  magnify  the  object  in 
ditferent  degrees.  Sec  some  instruments  of  this  sort  de- 
scribed in  Smith’s  Optics,  Remarks,  pa.  94. 

Solur  Microscope,  colled  also  the  Camera  Ohscura 
Microscope,  was  invented  by  Mr.  Licberkuhn,  in  1738  or 
1739,  and  consists  of  a tube,  a looking-glass,  a convex 
lens,  and  a Wilson’s  microscope.  'I’he  lube  (fig.  7)  is 
brass,  near  2 inches  in  diameter,  fixed  in  a circular  collar 
of  mahogany,  with  a groove  on  the  outside  of  its  ^'ripbery, 
denoted  by  2,  3,  and  connected  by  a cat-gut  to  the  pulley 
4 on  the  upper  part;  which  turning  round  at  pleasure, 
by  the  pin  3 within,  in  a square  frame,  may  be  easily  ad- 
justed to  a bole  In  the  shutter  of  a window,  by  the  screws 
1, 1,  so  closely,  that  no  light  can  enter  the  room  but  through 
the  tube  of  the  instruiner\t.  The  mirror  c is  fastened  to 
the  frame  by  hinges,  on  the  side  that  goes  without  the 
window  : this  glass,  by  means  of  a joiuted  brass  wire,  6,7* 
and  the  screw  11  8,  coming  through  the  (Vame,  may  be 
moved  either  vertically  or  horisonlaliy,  to  throw  the  suu’s 


rays  through  the  brass  lube  into  the  darkened  room. 
The  end  of  the  bmss  tube  without  the  shutter  hao  a con- 
vex lens,  3,  to  collect  the  rays  thrown  on  it  by  the  glass 
c,  and  bring  them  to  a focus  m the  other  part,  where  u is 
a lube.ftitdiog  in  and  out,  to  adjust  the  object  to  a due 
distance  from  the  focus.  And  to  the  end  oof  nnoiher  liibo 
p,  is  screawl  one  of  Wilsons  simple  pocket  mienneupes, 
cuntaiuiug  the  ohjoci  to  be  mugnified  in  h slider  ; and  by 
tube  r,  sliding  on  the  small  end  e,  of  the  other  lube  d,  it 
is  brought  to  a true  focal  <iisuiici‘. 

The  solar  microit^opi’  has  been  inlroduc*^  into  the 
small  and  portable  camera  ohscura,  as  well  ns  the  large 
one : and  if  the  image  be  received  on  a piece  of  half- 
ground  glass,  shaded  from  the  light  of  the  sun,  it  will  be 
sulGciemly  visible.  Mr.  Lieberkuhn  made  considerable 
iroproveincnls  in  his  solar  microscope,  particularly  in 
adapting  it  to  the  viewing^  of  opaque  objecis;  and  M 
Aepinus,  Nov.  Com.  Pelrop.  vol.  9«  P**'-  has  c.on- 
t rived,  by  throwing  the  light  u|K)iuhe  lorcvideof  any  object, 
before  it  is  transxnitteil  tbrougli  tbe  objcct-Icns,  to  repri- 
simt  all  kinds  of  objects  by  it  with  equal  advantage.  In  this 
improvement,  the  body  of  the  common  solar  microscope 

retained,  and  oply  anadilition  made  of  two  brass  plates, 
AB,  AC  (fig.  S),  joined  by  a hinge,  and  held  at  a proper 
distance  by  a screw.  A section  of  these  plates,  and  of 
all  the  necessary  ;>arts  of  the  instrument,  may  be  seen  in 
fig.  9»  where  a c represent  ra^s  of  the  sun  converging  from 
the  illuminating  lens,  and  ialling  upon  the  mirror  fid, 
which  is  fixed  to  the  nearer  of  the  two  brass  plates.  From 
this  they  arc  thrown  upon  the  object  at  </).«uid  urc  thence 
transmitted  through  tbe  object-lens  at  k,  and  a per- 
foimliou  in  the  farther  plate,  upon  a screen,  as  usual.  The 
usco(,thescreena  isto  vary  tbe  distance  of  the  two  plates, 
and  thereby  to  adjust  the  mirror  to  tbe  object  with  the 
greatest  exactness.  }ll.  Euler  alio  contrived  a method 
of  introducing  vision  by  reflected  light  into  this  micro- 
scc^. 

7%e  MicaoscoPEybr  Opuifue  Object/  was  also  invented 
by  M.  Licberkuhn,  about  the  sarar  time  wiih  the  former, 
and  it  remedies  the  inconvenience  of  having  the  dark  side 
of  an  object  next  the  eye;  for  by  means  of  a concave 
speculum  of  silver,  highly  polished,  having  a magnifying 
lens  placed  in  its  centre,  the  object  is  so  strongly  illumi- 
nated, that  it  may  be  examined  with  case.  A convenk-nt 
apparatus  of  this  kind,  with  4 different  speculums  and 
magnifiers  of  diflerent  powers,  was  brought  to  perfectioa 
by  hlr.  Cuff.  Philos.  Trans.  No.  438,  ^ 9» 

Microscopic  Oijccts.  All  things  too  minute  to  be 
viewed  distinctly  by  the  naked  eye,  are  proper  objects  for 
the  microscope.  Dr.  Hooke  has  distinguished  them  into 
these  three  general  kinds;  vix,  exceedltig  small  bodies,* 
exceeding  small  pores,  or  exceeding  small  motions.  The 
small  bodies  may  be  seeds,  insects,  aniinalcuU's,  sands, 
salts,  &c ; the  pores  may  be  the  interstices  between  the 
solid  parts  of  bodies,  as  in  stones,  minerals,  shells,  &c. 
or  the  inouthsof  minute  vessels  in  vegetables,  or  the  pores 
of  the  skin,  bones,  and  other  parts  of  animals;  the  small 
motions,  may  be  the  movements  of  the  several  parts  or 
members  of  minute  animals,  or  the  imiliun  of  the  fluids, 
contained  cither  in  animal  or  vegetable  bodies.  Under 
one  or  other  of  these  three  general  heads,  almost  evpry 
thing  about  us  affords  matter  oi  obsi-rvation,  and  may  con- 
duce both  to  our  arousemi;nt  and  instruction. 

Great  caution  is  to  be  usid  in  forming  a judgment  00 
what  IS  secu  by  the  microscop<’,  if  the  objects  are  ex- 
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(ended  or  contnicted  by  force  or  dryneu.  Nothing  con 
be  determined  about  Ibem,  without  making  the  proper 
allowances;  and  different  lights  and  poiilions  will  often 
^ow  the  fame  object  as  very  di(fer<;nt  from  itself.  There 
is  no  advantage  in  any  greater  magnifier  than  such  as  is 
capabU  of  showing  the  object  in  view  distinctly  ; and  the 
leas  the  glass  magnifies,  the  more  pleasantly  the  object  is 
always  seen.— The  colours  of  objects  are  very  little  to  be 
depended  on,  as  seen  by  the  microscope  ; for  their  several 
component  particles,  being  thus  removed  to  great  dis* 
tances  from  one  another,  may  give  rnHections  very  diflvr- 
cut  from  what  they  would,  it  setm  by  ihe  naked  eye.—* 
The  motions  of  living  creatures  too,*  or  of  the  fluids  cou* 
taioed  in  4heir  bodies,  are  by  no  means  to  be  hastily 
judged  of  from  what  we  see  by  the  microscope,  without 
due  consideration;  for  as  the  moving  body,  and  the  space 
in  which  it  moves,  are  magnified,  the  motion  must  also  be 
magnified ; and  therefore  that  rupidity  with  which  the 
blood  seems  to  pass  through  the  vessels  of  small  animals, 
must  be  judged  of  accordingly.  Baker  on  the  Micro> 
scope,  pa.  52,  62,  &c.  Sec  also  an  elegant  work  on  this 
subject,  published  by  that  ingenious  optician,  thvUtc  Mr. 
George  Adams.  . 

The  following  directions  are  given  fur  using  the  New 
Universal  Pocket  Microscope,  made  and  sold  by  \V.  S. 
Jones,  opticians,  Holborn,  London.  See  fig.  4,  pi.  33. 

“ T^is  microscope  is  adapted  to  the  viewing  of  all  sorts 
of  objects,  whether  transparent,  or  opake;  and  for  in- 
sects, flowers,  animalcules,  and  the  infinite  variety  of  (bo 
mimuut  of  nature  and  art,  wilt  be  found  the  most  complete 
and  portable,  for  the  price,  of  any  hitherto  contrived. 

**  Place  the  square  pillar  of  the  micmscopein  iheaquare 
aoc^t  at  the  foot  o,  and  fosten  it  by  the  pin,  as  shown  in 
the  figure.  Place  also  in  the  foot,  the  reflecting  mirror  c. 
There  are  three  lenses  at  the  top  shown  at  a,  which  serve 
ta  nMgnily  the  objects.  By  using  these  lenses  separately 
or  combined,  you  make  seven  different  powers.  When 
transparent  objects,  such  as  are  in  the  ivory  sliders  No.  4, 
are  to  be  viewed,  you  place  the  sliders  over  the  spring,  at 
the  underside  of  the  stage  a ; then  looking  through  the 
lens  or  magnifier,  at  a,  at  the  same  time  reflect  up  the 
^ght«  by  moving  the  mirror  c below,  and  move  gently, 
upwards  or  downwards  as  may  be  necessary,  the  stage  a 
on  its  square  pillar,  till  you  see  the  object  illuminated  and 
dtstinctly  magnified ; and  in  this  manner  for  the  other 
objects. 

**  For  animalcalcs,  you  unscrew  the  brass  box  that  is 
fitted  at  the  stage  a,  containing  two  glaises,  and  leave 
the  undermost  glass  upon  the  stage,  to  receive  the  fluids. 
If  you  wish  to  view  therron  any  moving  insect,  &c,  it 
maybe  confined  by  screwing  on  the  cover : of  the  two 
glaases,  the  coiKave  is  best  for  fluids.  Should  the  objects 
be  opake,  such  as  seeds,  dec ; they  are  to  be  placed  upon 
the  black  and  white  ivory  round  piece,  No.  3,  which  is 
fitted  alio  to  the  stage  a.  If  the  objects  are  of  a dark 
colour,  you  place  tbem  oontrastedly  on  the  white  side  of 
the  ivory.  If  they  are  of  a white,  or  a light  colour,  upon 
the  blackened  side.  Some  objects  will  be  more  conve- 
niently viewed,  by  sticking  them  on  the  point  of  No.  2 ; 
or  between  the  nippers  at  the  other  end,  which  open  by 
preming  the  two  little  brass  pins.  This  apparatus  is  also 
fitted  to  a small  bole  in  the  stage,  made  to  receive  the  sup- 
port of  the  wire.  » 

“The  brats  forceps,  No.  1,  serve  to  take  up  any  small 


object  by,  in  order  to  place  them  on  the  stage  for  view. 
1'he  instrument  may  be  readily  converted  into  a hand 
microscope,  to  view  objects  against  the  common  light;  and 
which,  for  some  transparent  ones,  is  better  so.  It  is  doirc 
by  only  taking  out  the  pillar  from  its  foot  in  d,  tusiing  it 
half  round,  and  fixing  it  in  again;  the  foot  then  becomes 
a useful  handle,  and  (be  reflector  c is  laid  aside.  The 
whole  appamius  packs  into  a fish-skin  case,  inebrf 
long,  2)  inches  broad,  and  1|  inches  deep. 

**  For  persons  more  curious  and  nice  in  these  inetni meats, 
there  U contrived  a useful  adjusting  screw  to  the  stage,  re- 
presented at  e.  It  is  first  moved  up  and  down  like  the 
other,  to  the  focus  nearly,  and  made  favt  by  the  small 
screw.  Tbe  utmost  distinctness  of  the  object  is  then  ob- 
taint-d,  by  gently  turning  the  long  fioe-thrcudcd  screw,  at 
the  same  time  you  are  looking  through  the  magnifiers  a. 
In  this  case,  there  may  be  also  added  an  extraordinary 
deep  magnifier,  and  a concave  silver  S|K‘Culutn,  with  a 
magnifier  to  screw  on  at  a,  which  will  serve  for  viewing 
the  very  small  and  opake  objects  in  the  completost  man- 
ner, and  rencter  tl>e  instrument  as  comprehensive  in  its 
uses  and  powers,  as  those  formerly  sold  under  the  name 
of  Wilwin’s  Microscope.*' 

MIDDLE  iMtitutUf  is  half  the  sum  of  two  given  lati- 
tudes; or  the  arithmetical  mean,  or  tbe  middle  between 
two  parallels  of  latitude.  Therefore,  if  the  latitudes  be 
of  the  same  name,  either  both  north  or  both  south,  add 
the  one  number  (o  the  other,  and  divide  the  sum  by  2; 
the  <|uoticnl  is  the  middle  latitude,  which  is  of  the  same 
name  with  the  two  given  latitudes.  But  If  tbe  latitudes 
be  of  <liffercnt  names,  the  on#  north  and  tbe  other  south  ; 
subtract  tire  Im  from  the  greater,  and  divide  the  re- 
mainder by  2,  so  shall  the  quotient  be  the  middle  lati- 
tilude,  of  the  tame  name  with  tbe  greater  of  the  two. 

JEx.  1.  Ex.  a, 

Onclal.  35°  27' N.  35°  27' S. 

the  other  2! 13  N.  2I IS  N. 

2 ) 56  40  2 ) 14  14 

Mid.  lat.  28  20  N.  Mid.  lal.  7 7 S. 

Middle  Latitude  is  a method  of  resolving  tbe 

cases  of  globular  sailing,  by  means  of  the  middle  latitude, 
on  the  principles  of  plain  and  parallel  sailing  jointly. 
This  roetiiod  is  not  quite  accurate,  yet  often  agrees  pretty 
nearly  with  Mercator's  sailing,  and  is  founded  on  (he  fol- 
lowing principle,  via,  that  the  rfeparture  is  accounted  a 
meridional  distance  in  the  middle  latitude  bettveen  the 
latitude  sailed  from  and  tbe  latitude  arrived  at.— -This 
artifice  seems  to  have  been  invented,  un  account  of  the 
ea.sy  manner  in  which  rhe  *cvrral  raves  may  be  resolved 
by  the  ifavcrvc  table,  nmi  to  serve  w here  a table  of  meri- 
diuiiat  parts  arc  wanting  It  is  sutTicicntly  near  the  truth 
cither  when  the  two  parallels  are  near  the  equator,  or  not 
far  distani  from  each  <nh<*r,  in  any  laUlude.  It  is  per- 
formed by  these  two  nilrs; 

!.<  As  the  cosine  of  the  middle  latitude : 

Is  to  rudius  : : 

^ So  fi  the  departure  ; 

To  the  difference  of  longitude 
2.  As  the  cosine  of  the  middle  latitude: 
fs  to  the  of  tbe  c»urse  : : 

So  is  the  diticrence  of  latitude  : 

To  the  tliflcrcnce  of  longitude 

Ex.  A ship  sails  from  latitude  37°  north,  steering  con- 
stantly N.SS"  19  for  i»  days,  when  she  was  found 
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in  latitude  51°  18*  north  ; required  her  diAMence  of  lon- 
gitude. 

51°  18'  51°  18' 

37  00  37  00 


2 ) 8H  18  DifT.  int.  U 18  = 658ni. 


Ascu».  mid.  1.  44  09  - 014417 

To  tang.  cour.  33  ly  - 9*81776 

So  diff.  lal.  858  - . 2-93349 

To  diff.  long.  786  - 2 89542 


or  13°  6*  diffl  of  long,  sought. 


MtuDLE  Region.  See  Region. 

MID  Heaven,  MedUtm  Geli,  is  that  point  of  the  eclip- 
tic ubich  culmiimtes,  or  is  highest,  or  is  in  the  meridian 
at  any  time. 

MlDSUMMER'Day,  is  held  on  the  24th  of  June,  the 
same  day  us  the  nativity  of  St.  John  the  Baptist. 

MILL,  along  measure,  by  which  the  English,  Italians, 
and  smiue  other  natirms,  use  to  express  the  distance ‘be- 
tween places:  the  same  us  the  French  use  the  word  league. 
The  mile  is  of  didc-rent  lengtlis  in  dilfiTcnt  countries. 
The  geographical,  or  Italian  mile,  contains  1000  geome- 
trical paces,  roillopasHus,  whence  the  term  mile  is  derived. 
The  Lngbsh  mile  consists  of  8 furlongs,  each  furlong  of 
40  poles,  and  each  pole  of  l6(  feet;  so  that  the  mile  is 
= 8 furlongs  sz  320  poK-s  sz  I76O  yards  = 5280  feet. 

The  following  tabic  shows  the  length  of  the  mile,  or 
league,  tti  the  principal  nations  of  Europe,  expressed  in 
geometrical  paces,  the  pace  being  accounted  equal  to 
4^  feet. 

* ''  ^ ..  n • 


TO  ' 

Mile  of  Russia 

Geoenrt.  Ptces. 
750 

YsreU. 

1100 

of  Italy 

- 

1000 

1467 

of  England 

- 

1200 

1760 

of  Scotlaud  and  Ireland  1 500 

2200 

Old  league  of  France 

- 

1500 

2200 

Small  league,  ibid. 

- 

2000 

2933 

Mean  league  of  France 

- 

2500 

3667 

Great  league,  ibid. 
Mile  of  Poland 

- 

3000 

4400 

- 

3000 

4400 

of  Spain 

* 

.3428 

5028 

of  Germany 

- 

4000 

5867 

of  Sweden 

- 

5000 

7333 

of  Denmark 

- 

5000 

7353 

of  Hungary 

- 

6000 

8800  . 

MILITARY  Architeciure. 

The  same 

with  Fortifica- 

tion. 

MILKY  Wat,  Via  Lactea^  or  Galaxy^  a broad  track 
or  path,  encompassing  the  whole  heavens,  distingnuhable 
by  its  white  appearance,  whence  it  obtains  the  name.  It 
extemis  itself  in  some  parts  by  a double  path,  but  for  the 
most  part  it  is  single.  Its  course  lies  through  the  constei- 
lalioni  Cassiopeia,  Cygnus  Aquila,  iVrseus,  Aodromeila, 
part  of  Ophiucus  and  Gemini,  in  the  northern  hemrsphore; 
and  in  the  >uuihern,  it  takes  in  part  of  Scorpio.  Sagittarius, 
Centaurus,  the  Argonavis,  and  the  Ara.  llicre  use  scHite 
traces  of  the  saruc  kind  of  light  about  the  south  pole,  hut 
they  are  small  ill  coiD|uirisou  with  this:  these  are  called 
by  some,  luminous  spaces  and  Magellanic  clouds;  but 
they  seem  to  be  of  the  same  kind  with  tlie  milky  way. 

The  milky  way  has  been  ascribed  to  various  causes. 
Tbc  ancients  fabled,  that  it  proceeded  from  a stri'am  of 
milk,  spilt  from  the  breast  of  Juno,  when  she  pUshed  away 
the  infant  Hercuks.awhom  Jupiter  laid  to  her  breast  to 
render  him  imniorul.  Some  again,  as  Aristotle,  &c, 


iinagimd  that  this  path  consisted  only  of  a certain  exha- 
lation hanging  in  the  air;  while  Metrodorus,  and  some* 
Pylhagortans,  thought  the  sun  bad  once  gone  in  this  track, 
iiislcudof  the  ecliptic;  and  consequently  that  its  wliitv- 
neu  proceeds  from  the  remains  of  his  light.  Bm  it 
is  now  found,  by  the  help  of  teU*scupes,  that  this  truck  in 
the  heavens  consists  of  an  immense  multitude  of  stars, 
seemingly  very  close  together,  whose  mingled  light  giv«-s 
this  appearance  of  whiteness;  by  Milton  beautifully  de- 
scribe as  a path  ^ powdered  with  starx."  Dr.  Hcischel 
accounts  it  a stratum  of  nebulous  inatlcr. 

MILL  properly  denotes  a machine  fur  grinding  corn, 

Ac;  but  in  u more  general  signification,  is  applied  to  all 
machines  whose  action  depends  on  a circular  motion. 

Of  these  then:  arc  several  kinds,  according  to  the  various 
methods  of  applying  the  moving  power;  as  water-mills, 
wind-mills,  hdrse-mills,  hand-mills,  Ac,  and  even  steam- 
mills,  or  such  a>  arc  worked  by  the  force  of  strain,  as  ^hot 
noble  structure  that  was  erected  near  Blackfriars  Bridge, 
callcnl  the  Albion  Mills,  which  was  unfortunately  destroyed 
by  Are. 

The  water  acts  both  hy  its  impulse  and  weight  in  art 
overshot  water-mill,  but  only  by  its  impulse  in  an  under- 
shot one;  but  here  the  velocity  is  grt^uter,  because  ilie 
water  is  suffered  to  descend  to  a greater  dvptli  beiore  it 
strikes  the  wheel.  Mr,  Ferguson  observes,  that  where 
there  is  but  a small  quantity  of  water,  and  a fall  great 
enough  for  the  wheel  to  lie  under  it,  the  bucket  or  over- 
shot wheel  is  always  used : but  where  there  is  a laige 
body  of  water,  with  a little  fall,  the  breast  or  Aoat-boanl 
wheel  must  take  place:  and  where  there  is  a large  supply 
of  water,  as  a river,  or  large  stri^m  or  brook,  with  very  , 
little  fall,  then  the  undershot  wheel  is  the  easiest,  cheapest, 
and  most  simple  structure. 

Dr.  Dcaaguiicrs,  having  had  occasion  to  examine  many 
undershot  and  overshot  mills,  generally  found  that  a 
well  made  overshot  mill  ground  as  much  corn,  in  the 
same  time,  as  an  undershot  mill  does  with  ten  tlotes  as 
much  water;  supposing  the  fall  of  water  at  the  ever- 
shot  to  be  20  feel,  and  at  the  undershot  about  6 or  7 
feet:  and  he  generally  observed  that  the  wheel  of  the 
overshot  mill  was  of  15  or  U>  ftvt  diameter,  with  a head 
of  water  of  4 or  5 feet,  to  drive  the  water  into  tbc  buckets 
with  some  momentum. 

in  water-mills,  some  persons  have  given  the  prefereitce 
to* the  undershot  wheel,  but  most  writers  prelcr  the  - 
overshot  one.  M.  Belidor  greatly  preferred  the  under- 
shot to  any  other  construction.  He  had  even  con- 
cluded, that  water  applied  this  way  would  do  more 
than  6 limes  the  work  of  an  overshot  wheel ; while  Dr. 
DesHguiiers,  in  overthrowing  Uelidor'ii  position,  deter- 
mined that  an  overshot  wheel  wotiliLdo  10  times  the 
work  of  an  undershot  wbei-l,  with  an  equal  quaiKity  of 
water.  So  that  between  these  two  ceiibrated  authors, 
there  is  a difference  of  no  less  ibnn  60  to  1.  In  conse- 
quence of  such  striking  disagreement,  Mr.  Sineuton  began 
the  course  of  experiments  nieiUictH  d below. 

In  the  Fhiios.  Trans,  vol.  51,  for  the  year  I759» 
have  a lai^c  paper  with  expeiiments  on  mills  turned 
both  by  water  and  wind,  by  that  ingenious  and  experi- 
enced engirw^r’  .Mr.  Smeatoii.  From  those  experiments 
it  appears,  pa.  129,  that  the  effects  obuineil  by  the 
overshot  wht*el  are  generally  4 or  5 times  as  great  as 
those  with  the  undershot  wheel,  in  the  same  time,  with 
the  same  expense  of  water,  desceudiug  from  the  same 
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^hi-ight  above  the  bottom  of  the  wheel*;  or  that  the  former 
|Krtorms  the  same  effect  the  latter^  in  the  same  time,  with 
an  expense  of  only  one>4ll»  or  onc-5th  of  the  water,  from 
the  same  head  or  height.  And  this  advantage  serins  to 
arise  from  the  water  lodging  in  the  buckets,'  and  so  carry- 
ing the  wheel  about  by  their  weight.  Hut,  in  pa.  1-iO, 
Mr.  Siiieaton  reckons  the  effect  of  overshot  only  double 
to  that  of  the  undershot  wheel.  And  hence  he  infers,  in 
general,  **  tliat  the  higlier  the  wheel  is  in  proportion  to 
the  whole  descent,  the  greater  will  be  the  effect ; because 
it  depends  less  upon  the  impulse  nf  the  head,  and  mure 
upon  the  gravity  of  the  witter  in  the  buckets.  However, 
as  every  thing  has  its  limits,  so  has  this;  for  thus  much 
is  desirable,  that  the  water  should  hare  somewhat  greater 
velocity,  than  the  circumference  of  the  wheel,  in  coming 
upon  it ; otherwise  the  wheel  will  not  only  be  retarded, 
by  the  buckets  striking  the  water,  but  dashing  a part  of 
it  over,  so  much  of  the  power  is  lost.'*  He  is  further  of 
opinion,  that  the  best  velocity  for  an  overshot  whi-el  is 
when  its  circumference  moves  at  the  rate  of  about  3 feet 
in  a second  of  time.  Sec  Wixij-Mill. 

Considerable  differences  have  also  arisen  to  the 
mathematical  theory  of  the  force  of  water  striking  the 
floats  of  a wheel  in  motion.  M.  Parent,  Mucinurin, 
Desaguliers,  6cc,  have  determined,  by  caleiilatiun,  that  a 
wheel  works  to  the  greatest  effect,  when  its  velocity  is 
equal  to  one-third  of  the  velocity  of  the  water  which 
Strikes  it;  or  that  the  greatest  velocity  that  the  wheel 
acquires,  is  one*third  of  that  of  the  water.  And  this 
determination,  which  has  been  followed  by  all  mathema- 
ticians, till  very  lately,  necessarily  results  from  a position 
• which  they  assume,  viz,  that  the  force  of  the  water 
against  the  wheel,  is  proportional  to  the  square  of  its 
relative  velocity,  or  of  the  difference  between  the  abso- 
lute velocity  of  the  water  and  that  of  the  wheel.  And 
this  position  is  itself  an  inference  which  they  make  from 
the  force  of  water  striking  a body  at  rest,  being  as  the 
square  of  the  velocity,  because  the  force  of  each  particle 
is  as  the  velocity  it  strikes  with,  and  the  number  of 
particles  or  the  whole  quantity  that  strikes  is  also  as 
the  same  velocity.  But  when  the  water  strikes  a body  in 
motion,  the  quantity  of  it  that  strikes  is  still  as  iheabso- 
lute  velocity  of  the  water,  though  the  force  of  each  parti- 
cle be  only  as  the  relative  velocit),  or  that  with  which 
it  strikes.  Hence  it  follows,  that  the  whole  force  or 
* effect  is  in  the  compound  ratio  of  the  absolute  and  rela- 
tive velocities  of  the  water;  and  therefore  is  greater 
than  the  above-mentioned  effect  or  force,  in  the  ratio  of 
the  absolute  to  the  relative  velocity.  The  effect  of  (bis 
correction  is,  that  the  maximum  velocity  of  the  wheel 
becomes  one  half  the  velocity  of  the  water,  instead  of 
one-third  of  it  only:  a determination  which  nearly  agrees 
with  the  best  experiments,  as  those  of  Mr.  Smeatop. 

, This  correction  has  been  lately  made  by  Mr.  W.  Waring, 
in  the  3d  volume  nf  the  Transactions  nf  the  American  Phi- 
losophical Society,  pa.  144-.  This  ingenious  writer  says, 
* Being  lately  reque>ted  to  make  some  calculations  rela- 
tive to  mills,  particularly  Dr.. Barker's  construction  as 
improved  by  James  Uumsey,  I found  more  difficulty  in 
the  attempt  than  I at  first  expected.  It  appeared  neces- 
*ary  to  investigate  new  theorems  for  the  piirpi>se,  as  there 
Arc  circumstances  peculiar  to  this  construction,  which  are 
not  noticed,  1 beheve,  by  any  author;  and  the  theory  of 
mills,  as  hitherto  published,  is  very  imperfect,  which  I 
’coactive  ...  " ■*  been  of  so  little  use  to 

practical  mechanics. 


* The  first  clq),  then,  toward. calculating  the  power  of 
any  water-mill  (or  wind-mill), or  proportioning  their  parts 
and  Velocities  to  the  greatest  advantage,  seems  to  be, 

* TTtc  Correction  of  an  Eisential  Mistake  adopted  by  Writers 
oa  the  Theory  of  MtlU. 

' This  is  ailemptcd  with  all  the  deference  due  to  emi- 
nent authors,  whose  ingenious  lalMiurs  have  justly  raisixl 
their  repututic>n  ami  advanced  the  sciences ; but  when  any 
wnmg  principles  are  successively  published  by  a series  of 
such  pens,  tiny  are  the  more  implicitly  received,  and  mure 
particularly  claifn  a public  rectification;  which  must  be 
pleasing,  eun  to  these  candid  wril^.H  iht  mselvcs.'  ‘ 

A very  iiigenious  writer  in  Englami,  * in  his  masterly 
treatiM*  on  the  rectilinear  motion  and  rotation  of  bodies, 
published  so  lately  as  1764,  coiiliimv'S  this  oversight,  with 
its  pernicious  consequences,  through  his  propositions  and 
curollurit^  (pa.  273  to  284),  although  he  knew  the 
theory  was  suspected ; for  he  observes  (pa.  382)  '*  JSlr. 
Smcatoii  ill  his  pa|>er  on  mt'chanic  |>ower  (published  in 
the  Philnsophical  Transactions  for  the  year  177tf)  allows,* 
that  the  theory  usually  given  will  not  correspond  with 
matter  of  fad,  when  compared  with  the  motion  of  nia- 
chines;  and  seems  to  attribute  this  disagreement,  rather 
to  deficiency  in  the  theory,  than  to  the  obstacles  which 
have  prevented  the  application  of  it  to  the  complicated 
motion  of  engine**,  Ac.  In  order  to  satisfy  himself  con- 
cerning the  reason  of  thU  disagreement,  he  constructed  a 
se*t  of  experiments,  which^  from  the  known  uhiliiics  and 
ingenuity  of  the  author,  certainly  deserve  great  considera- 
tion and  attention  from  every  one  who  interrstcci  m 
these  inquiries."  And  notwithstanding  the  same  learrwd 
author  says,  “ The  evidence  upon  which  the  theory  rests 
is  scarcely  less  than  mathematical;"  1 am  sorry  to  find, 
in  the  presv'iit  stale  of  the  sciences,  one  of  bis  abilities 
concluding  (pa.  380),  “ It  is  not  probable  that  the  theory 
of  motion,  however  incontestable  its  principles  may  be,  can 
afford  much  assistance  to  the  practical  mechanic,"  al- 
though indeed  his  theory,  compared  with  the  abovc-citid 
experiments,  might  suggest  such  an  inference.  But  to 
come  to  the  point,  I would  just  premise  these 
* t^fnitions. 

‘ If  a stream  of  w ater  impinge  against  a wheel  in  motion, 
there  are  three  different  velocities  to  be  considered,  apper- 
taining thereto,  via, 

* First,  the  absolute  velocity  of  the  water; 

. * Second,  the  absolute  velocity  of  the  wheel; 

* Third,  the  ndativo  velocity  of  the  water  to  that  of  the 
wheel,  i.  e.  the  diffc-rence  of  t^  absolute  velocities,  or  the 
velocity  with  which  the  water  overtakes  or  strikes  the 
wheel. 

* Now  the  npstake  consists  ia  supposing  the  momentum 
or  force  of  the  water  against  the  wheel,  to  be  in  ibe  du- 
plicate ratio  of  the  relative  velocity  : Whereas, 

‘ Prop,  I. 

* The  force  of  an  Invariable  Stream,  impingeing  against 
a Mill-wheel  in  Motion,  is  in  the  Simple  Direct  Propor- 
tion of  the  Kclmiivc  Velocity. 

* For,  if  the  lelativc  velocity  of  a fluid  against  a single 
-plane  be  varied,  either  by  the  motion  of  the  plane,  or  of 
the  fluid  from  a given  aperture,  or  both,  then  tbe  number 
of  panicles  acting  on  the  plane  in  a given  time,  and  like- 
wise the  momentum  of  each  particle,  being  respectively  as 
the  relative  velocity,  the  force  on#oth  these  accounts, 
must  be  in  the  duplicate  ratio  of  the  relative  velocity, 

* •**  * ihc  common  theory,  with  respect  to  this 
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sfnglc  plane:  but,  the  number  of  these  planet,  or  parts  of 
the  wheel  acted  on  hi  a given  time,  will  be  as  the  velocity 
of  the  wheel,  or  invcrwrl^  as  the  relative  velocity;  there- 
fore, the  moving  force  oi  the  wheel  roust  be  in  the  simple 
direct  ratio  of  the  relative  velocity,  q.  e.  t>. 

* Or  the  proposition  is  manifest  fmm  this  consideration ; 
that,  while  the  stream  is  invariable,  whatever  be  the  velo- 
city of  the  wheel,  the  same  number  of  particles  or  quan- 
tity of  the  fluid,  must  strike  it  somewhere  or  other  in  a 
given  lime;  consequently  the  variation  of  force  is  oa/y  on 
account  of  the  varied  impingent  velocity  of  the  same  body, 
occasioned  by  a change  of  motion  in  the  wheel;  that  is, 
the  momentum  is  as  the  relative  velocity.  Now,  this  true 
principle  substituU'd  for  the  erroneous  one  in  use,  will 
bring  the  theory  to  agree  remarkably  with  tha  notable 
experiments  of  the  ingenious  Smeaton,  before-mentioned, 
published  in  the  Philosophical  Transactions  of  the  Royal 
Society  of  London  for  the  year  17<>0,  vol.  51,  for  which 
the  honorary  annual  medal  was  adjudged  by  the  society, 
and  presented  to  the  author  by  their  president.  An  in- 
stance or  two  of  the  importance  of  this  correction  may  be 
adduced  as  below/ 

Prop.  II. 

* The  velocity  of  a wheel,  moved  by  the  impact  of  a 
stream,  must  be  half  the  velocity  of  the  fluid,  to  produce 
the  greatest  possible  eflect.— For  let 

V a the  velocity,  m = the  momentum  of  the  fluid  ; 

V = the  velocity,  p = the  power  of  the  wheel. 

ThcA  V — o the  relative  velocity,  by  dcf.  3d ; 

and  asv;  v — jc(v  — (prop.  I) ; 

this  multiplied  by  r,  gives pt»  sa  y » (vo  — o’)  =s  a max- 
imum ; brjicc  V9  — 0*  = a maximum,  and  its  fluxion 
(9  being  the  variable  quantity)  is  vp  — 2m  =a  0;  there- 
fore V = iv,  that  is,  the  velocity  of  the  wheel  s half  that 
uf  the  fluid,  at  the  place  of  impact,  when  the  effect  is  a 
maximum.  Q.  E.  D. — The  usual  theory  j,ives  9 = jv; 
where  the  error  is  not  leas  than  one  third  of'tbe  true  velo- 
city of  the  wheel. 

* This  proposition  is  applicable  to  undershot-wheels, 

and  corresponds  with  the  accurate  experiments  before 
cited,  as  appears  from  the  author’s  conclusion  (Philos. 
Trans,  for  1776,  pa.  457),  vis,  **  The  velocity  of  the  wheel, 
which  according  to  M.  Parent’s  determination,  adopted  by 
DosaguUrrs  and  Maclaurin,  ought  to  be  00  more  than  one 
third  of  that  of  the  water,  varies  at  the  maximum  in  the 
experimrnls  of  table  1,  between  one  third  and  one  half; 
but  in  all  the  cases  there  related,  in  which  the  most  work 
is  performed  in  proportion  to  the  water  expended,  and 
which  approach  the  nearest  to  the  circuinstsmccs  of  great 
works  wt^n  properly  cxecutotl,  ibe  maximum  lies  much 
nearer  00c  half  than  one  third,  one  half  seeming  to  be 
the  true  maximum,  if  nothing  were  lost  by  the  resist- 
ance of  the  air,  the  scattering  of  the  « ater  carried  up  by 
the  wheel,  &c.”  Thus  he  fully  shows  the  common  theory 
to  have  been  very  defective;  but,  1 believe,  none  have 
since  poiiiicd  out  wherein  the  dcflciincy  lay,  r>or  how 
to  correct  it;  and  now  we  sec  the  agreement  of  the  true 
theory  with  the  result  of  bis  experiinciits/  For  another 
problem.  , 


• Proe.  III. 

' Given,  the  momentum  (m)  ^ 

and  velocity  (v)  of  the  fluid  at  ^ 

r,  the  place  of  impact;  the  ra-  X \ 

dius(R  =18)  ef the  wheels BC;  f \ 

the  radius  (r  = Ds)  of  the  small  I * | 

wheel  DEf  on  the  same  axle  or  ^ / 

shaft;  the  weight  (ur)  or  resist-  V 1 / 

ance  to  be  overcome  at  n,  and  I 

the  friction  (/)  or  frjrrc  ne- 
cessary  to  move  the  wheel  with-  i 
out  the  weight ; required  the 

velocity  (v)  of  the  wheel,  •'  I J * ♦ 

Ac/ 

' Here  we  have  v : t — 9 : : m ; w x 1.^  s the 
acting  force  at  1 in  (he  direction  iic,  as  before  (prop.  2). 
Now  a : r : ; HI  : s the  power  at  t necessary  to 

counlcrpoiae  the  weight  w;  hence  the  whole 

resistance  opposed  to  iheactionofthefluidati;  which  de- 
ducted from  the  moving  force,  leaves  »»  x ^ 

the  accelerating  force  of  the  machine ; which,  when  the 
motion  becomes  uniform,  will  be  evanescent  or  = 0; 
therefore  m x which  gives 

9 sa  V X (1  — ™ _ Z)  ^ the  true  velocity  required ; or, 
if  we  reject  the  friction,  then  p = t x (1  — -^)  ig  the 
theorem  for  the  velocity  of  the  wheel.  This,  by  the  com- 
mon theory,  would  be  9 = t x ( I - V^)»  which  is  too 

little  — V Nowooderwhy  we  have  hitherto 

derived  so  little  advantage  from  the  theory/ 

* CoROL.  I. — If  the  weight  (tc)  or  resistance  be  re- 
quired, such  as  just  to  admit  of  that  velocity  which 
would  produce  the  greatest  effect;  then,  by  substitu- 
ting for  its  equivalent  9 (by  prop.  2),  we  have 

•v  = V X (1  _ ^ _ -£);  hence  w = x-bj  or, 

if/  = 0,  w =s  ; but  theorists  make  this  where  the 


* CoROL.  2.  We  have  also  r = x r;  or,  reject- 

ing friction,  r = when  the  greatest  effect  is  produced, 

instead  of  r =-^,  as  has  been  supposed:  this  is  an  im- 
portant theorem  in  the  construction  of  mills.' 

In  the  same  volume  of  the  American  Transactions, 
pa.  185,  is  another  ingenious  paper,  by  the  same  author, 
on  the  power  and  machinery  of  Dr.  Barker’s  mill,  as  im- 
provwl  by  Mr.  Japes  Rumsey,  with  a description  of  it. 
This  is  a mill  turned  by  the  misting  force  uf  a stream  of 
water  that  issues  from  an  oriflee,  the  rotatory  part,  in  which 
that  oriflee  is,  being  impillcd  the  contrary  way  by  its  re- 
action against  the  stream  that  issu»  from  it. 

Mr.  Ferguson  has  given  the  following  directions  for  * »u* 
structing  water-mills  in  the  best  manner;  with  a labh.  uf 
the  several  correspondirtg  dimensions  proper  to  a gre  at 
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jiety  of  perpendicaUr  falls  of  the  water.  ' When  the  float- 
boards  of  the  water-wheel  move  with  a 3d  part  (it  should 
be  \)  of  the  velocity  of  the  water  that  acts  upon  them, 
the  water  has  the  greatest  power  to  tarn  the  mill:  and 
when  the  millstone  makes  about  60  turns  ^ a minute,  it 
U found  to  perform  its  work  the  best:  for,  when  it  makes 
but  about  40  or  30,  it  grinds  too  slowly;  and  when  it 
makes  more  than  70,  it  beats  the  meal  too  much, and  cuts 
the  bran  so  small  that  a great  part  of  it  mixes  with  the  meal, 
and  cannot  be  separated  from  it  by  sifting  or  bouliiiig. 
Ccnsequcnlly  the  utmost  perfcctino  of  miIl*work  lies  in 
makiog  the  train  so  as  that  the  millstone  shall  make  about 
60  turns  in  a minute  when  Ihc  watcr-wbcel  moves  with  a 
3d  part  of  the  velocity  of  the  water.  To  have  it  so,  ob»ervc 
the  following  rules: 

1.  Measure  the  perpendicular  height  of  (he  fall  of  water, 
in  'feet,  above  the  middle  of  the  aperture,  where  it  U let  out 
to  act  by  impulse  against  the  float-boards  on  the  lowt'st 
fide  of  the  undershot  wheel. 

9*  Multiply  that  height  of  the  fall  in  feet  by  the  con- 
stant number  644,  and  extract  the  square  root  of  the 
product,  which  will  be  the  velocity  of  the  water  at  the  bot- 
tom of  the  fall,  or  the  number  of  feet  the  water  moves  per 
second. 

3.  Divide  the  velocity  of  the  water  by  3 (or  9)  ; and  the 


MIN 

quotient  will  be  the  velocity  of  the  floats  of  the  wheel  m feci 
per  second. 

4.  Divide  the  circumference  of  the  wheel  in  feet,  by  the 
velocity  of  its  floats ; and  the  quotient  will  be  the  aumber 
of  seconds  in  one  turn  or  revolution  of  the  great  water- 
wheel, on  the  axis  of  which  is  flxed  the  cog-wheel  that 
turns  the  trundle. 

5.  Divide  flO  by  the  numl>er  of  seconds  in  one  turn 
of  the  water-wheel  or  cog-wheel;  and  the  quotient  will  be 
the  number  of  turns  of  either  of  these  wheels  in  a minute. 

6.  Divide  60  (the  number  of  turns  the  millstone  ought 
to  have  in  a minute)  by  tbeabovesaid  number  of  turn?.; 
and  tbe  quotient  will  be  the  number  of  turns  the  mill- 
stone ought  lo  have  for  one  turn  of  the  water  or  cog- 
wheel. Then, 

7<  As  tbe  required  number  of  turns  uf  (be  milltlonr  in  a 
minute,  is  to  the  number  of  turns  of  the  cog-wheel  in  u 
minute,  so  must  thq  number  of  cogs  in  the  wheel,  be  tu 
tbe  number  of  staves  or  rounds  in  the  trundle  on  the 
axis  of  the  millstone,  in  the  nearest  whole  number  ihui 
can  be  found. 

By  these  rules  the  following  tabic  i»  calculated;  n. 
which,  tbe  diameter  of  the  water-wheel  is  supposed  1 8 feo( . 
and  consequently  its  circumference  56f  feet,  and  the  dia- 
meter of  the  millstone  is  5 feet.  * 
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1 

S'02 

2-67 

■2-83 

21*20 

127 

6 

21*17 

59-91 

9 

11-40 

3-78 

4-00 

15*00 

105 

7 

15*00 

60-00 

.3 

13-89 

4-63 

4-91 

12*22 

98 

8 

12*25 

60-14 

4 

16-04 

5-35 

5-67 

10*58 

95 

9 

10*56* 

59-87 

* 5 

17-93 

5-98 

6-34 

9*46 

• 85 

9 

9*44 

59-84 

6 

19-64 

6-55 

6-94 

8*6*4 

78 

9 

8*66 

6aio 

7 

21-21 

7-07 

7-50 

800 

72 

9 

8*00 

60-00 

8 

22-68 

756 

802 

7*48 

67 

9 

7*44 

59-67 

9 , 

24-05 

8-02 

8-51 

7*05 

70 

10* 

7*00 

59-57 

10 

25  35 

8-45 

8-97 

6-69 

67 

10 

0*70 

60-09 

11 

26-59 

8-86 

9-40 

6-38 

64 

10  • 

6*40 

60-16 

19 

, 27-77 

9-26 

9-82 

6-11 

61 

10 

6*10 

5990 

Id 

28-91 

9-64 

10-22 

5-87 

59 

10 

5*80 

60-ls 

14 

30-00 

10-00 

10-60 

566 

56 

10 

5*60 

59-36  , 

15 

31-05 

10-35 

. 10-99 

5'4d 

55 

10 

5*40 

60-48 

16 

3207 

10-69 

11-34 

5*29 

53 

10 

5*30 

60-10 

17 

33-06 

11-02 

11-70 

5*13 

51 

10 

5*10 

5967 

18 

34-02 

n-34 

12-02 

4*.99 

50 

10 

5*t» 

6U’I0 

19 

34-95 

11-05 

12-37 

4*85 

49 

10 

4*80 

6061 

90 

35-86 

11-92 

12-68 

473 

47 

10 

4 70 

59-59 

For  the  theory,  flic,  of  wind-mills,  see  Wiao-iVi//. 

MILLION,  tnu  number  of  ten  hundred  thousand,  or  a 
thousand  times  a thousand. 

MINE,  in  Fortification,  &c,  Is  a subterraneous  canal  or 
dug  under  any  place  or  work  intended  to  be 
blown  up  by  gunpowder.  Tbe  passage  of  a mine  leading 
to  the  powder  it  called  the  Gallery  ; and  the  extremity, 
or  place  whore  the  powder  is  placed,  is  called  ll>c  Cham- 
ber. The  line  drawn  from  the  centre  of  the  chamber  per- 


pendicular to  the  nearest  surface,  is  called  the  Line  of  least 
Resistance;  and  ihe  pit  or  bole,  made  by  the  mine  when 
sprung,  or  blown  up,  is  called  the  I'.xcavation,  Ibe 
mih(.*s  made  by  the  besiegers  in  the  attack  of  a plact',  are 
called  simply  Mines;  and  tho^e  tnadt*  by  tbe  besieged, 
Counter-mines. 

The  fire  is  conveyed  to  the  mine  by  a pipe  or  lio'^r, 
made  of  coarse  cloth,  of  about  an  inch  and  half  in  di.i- 
meter,  called  Saucissoo,  ixU-nding  froRi  the  powder  in  the 

* I 
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cliAinber  to  the  beginaiog  or  entrance  of  the.gailery,  to 
the  end  of  which  it  A^ed  a match,  that  the  miocr  who 
(cti  Are  to  h may  have  lime  to  retire  before  it  reaches  thv 
chamlxT.  • 

It  is  found  by  experiments,  that  the  figure  of  the  exca- 
vation mede  by  the  explosion  of  the  powder,  is. nearly  a 
paraboloid,  having  its  focu^  m the  centre  of  the  powder, 
and  its  axis  the  line  of  least  resistance^  its  diameter  being 
mure  or  less  according  to  the  quantity  of  the  powder,  to 
the  &ame  axis,  or  line  of  least  resistance.  Thus,  M. 
i^clidor  lodged  7 difii'rent  quantities  of  powder  in  as  many 
different  mines,  of  the  same  dq>th,or  line  of  least  resistance, 
to  feet ; the  charges  and  greatest  diameters  of  the  excava- 
tion, measured  after  the  explosion,  were  as  follow ; 


Powiler. 

Di«n. 

1st 

1201b  - 

224  feet 

2d 

160 

26 

3d 

- 

200 

29 

4ih 

. 

240 

31{ 

3lh 

- 

280 

334 

O'th 

- 

320 

36 

7th 

360 

38 

I'fom  which  experiments  it  nppeass,  that  the  excavation, 
or  quantity  of  earth  blown  up,  U in  the  same  proportion 
with  ihe  quantity  of  powder;  whence  the  charge  of  pow. 
dcr  necessary  to  produce  any  other  proposed  effect,  will  be 
had  by  the  rule  of  proportion. 

Mixc-D<a/,  is  a box  and  needle,  with  a brass  ring  di- 
vided into  3^  degrees,  with  several  dials  graduated  upon 
it,  commonly  made  for  the  use  of  miners. 

MINKRALOGY,  is  that  branch  of  philosophy  which 
treats  of  the  physical  and  chemical  properties  of  unor- 
ganized bodies ; commonly  called  crude  matter,  or  rai- 
nerals;  by  which  wc  arc  enabled  to  determine  their 
distinctive  characters,  and  their  particular  rank  in  the  ge- 
neral system : arid  is  thus  distinguished  from  geology, 
which  treats,  more  particularly,  of  the  reciprocal  position 
of  the  different  species  of  minerals,  and  of  the  maisses  com- 
posed of  two  or  more  of  these  species. 

MINUIT:^  is  the  both  part  of  a dcigrce,  or  of  an  hour. 
The  minutes  of  a degree  are  marked  with  the  acute  aapent, 
thus';  ihc  seconds  bv  two,  the  Rtirds  by  three,  The 
minutes,  seconds,  thirds,  &c,  ia  time,  are  sometimes 
marked  the  same  way;  but,  to  avoid  confusion, the  better 
way  is,  by  the  initials  of  the  words;  as  mioutcs",8econds% 
thirds*,  <Scc. 

Minute,  in  Architecture,  usually  denotes  the  60th  part 
of  a module,  but  sometimes  only  the  30th  part. 

MIRROR,  a speculum,  looking-glass,  or  any  other 
polished  body,  the  use  of  which  is  to  form  the  images  of 
distinct  objects  by  reflc.xion  of  the  rays  of  light.  Mirrors 
are  either  plane,  convex,  or  concave.  The  first  sort  re- 
Ik'cis  the  rays  of  light  in  a direction  exactly  similar  to  that 
in  which  they  fall  upon  it,  and  therefore  represents  bodies 
in  their  natural  magnitude.  But  the  conv'Cx  ones  make 
Uic  rays  diverge  much  more  than  before  rcfWxion,  and 
tben-furc  greatly  diminish  the  images  of  those  objects 
which  they  exhibit : while  the  concave  ones,  by  collecting 
the  rays  into  a focus,  not  only  magnify  the  objects  they 
show,  but  will  also  burn  very  fiercely  when  exposed  to  the 
rays  of  the  sun ; and  hence  they  arc  commonly  known  by 
the  name  of  Burning  Mirrors.  • 

In  ancient  times,  the  mirrors  were  made  of  some  kind 
ol  metal ; and  from  a passage  In  the  Mosaic  writings  we 
learn,  that  the  mirrors  used  by  the  Joyrish  women,  were 


made  of  brats;  a practice  douhUeit  learned  from  the 
Egyptians.  Any  kind  ofrae^,  when  polished,  will 

reflect  very  powerfully  ; burof  all  film  rc^la 

the  most,  but  it  is  too  expemiw|;,i^  mafacial  forcomilV»n 
use.  Gold  is  also  wry  ^werful;,.^  all  metalf,  or  ovqn 
woo<i,  gilt  and  polished,  will  act  udiii  coifaiderabloiafteci 
as  buniiog  mirrury.  Even  polished  ivory».-Q0  straw  nicedy 
plaited  together,  will  form  mirrors  capabiojof  burning,  if 
on  a large  scale. 

Since  the  invention  of  glass,  and  the  application  of 
quicksilver  to  it,  have  become  generally  known,  ithas  been 
univeiaally  employed  for  those  plane  mirrors'used  as  omn- 
ments  to  houfta;  but  in  making  reflecting  telescopes  they 
have  been  found  mneh  inferior  to  metallic  ones.  It  does 
not  appear  however  that  the  same  su|>oriority  belongs  to 
the  metallic  burning  mirrors,  considered  merely  asbun- 
ing  speculums ; since  the  ruirror  with  which  Mr.  Macquer 
mdted  plaiina,  though  only  22  inches  diameter,  and  made 
of  quicksilvered  glass,  produced  much  greater  effects  than 
M.  Villcttc's  metal  speculum,  which  was  of  a much  largi'r 
size.  It  is  very  probable,  however,  that  M.  ViJkUe’s  mir- 
ror was  not  so  well  polished  as  it  ought  (u  have  been;  as 
the  art  of  preparing  the  metal  for  taking  the  finest ^oUsb, 
Ivas  but  lately  been  discovered,  and  published  in  the 
rbiloa.  Transactions,  by  Or.  Mudge  of  Plymouth,  and, 
after  him,  by  Mr.  Edwards,  Or.  Oerschel,  &c. 

Some  of  the  more  remarkable  laws  and  phenomena 
plane  mirrora,  arc  as  follow  A spectator  will  sec  bis 
image  the  same  size,  and  crrct,  but  reversed  as  to  right 
and  left,  and  as  far  beyond  the  speculum  as  he  is  before  it. 
As  he  moves  to  or  from  the  speculum,  his  image  will,  at 
the  same  time,  move  towards  of  from  the  speculum  also  on 
the  other  side.  In  like  manner  if,  while  the  spectator 
is  at  rest,  an  object  be  in  motion,  its  image  behind  the 
speculum  will  be  seen  to  move  at  the  same  ryte.  Alsowben 
the  spectator  moves,  the  tmages  of  objects  that  are  at  rest 
will  appear  to  approach  or  recede  from  him,  after  the 
same  manner  as  when  he  moves  towards  real  objects. 

2.  If  several  mirrors,  or  several  fragments  or  piccosof 

mirrors,  be  all  dispueed  in  the  same  plane,  they  will  only 
exhibit  an  object  once.  * , 

3.  If  two  plane-mirrors,  or  speculums,  meet  in  any 

an^,  the  eye,  placed  within  that  angle,  will  tee  iho>imagc 
of  an  object  placed  within  the  same,  as  often  repeated  a» 
tbaswmay  be  perpendiculars  drawn  determining  tba  places 
of  tha  images,  and  terminated  without  the  angle.  tleDC*', 
as  the  more  perpendiculars,  terminated  without  the  an^‘, 
may  be  drawn  as  the  angle  is  more  acute  ; the  acuter  tiiv 
angle,  the  more  numerous  the  images.  Thus,  Z.  Traber 
found,  at  an  angle  of  |d  of  a circle,  the  image  was  . re- 
presented twice,  at  |th  thrice,  at  |th  five  times,  and  at 
•^th  eleven  times.  ** 

Further,  if  the  mirrors  be  placed  upright,  and  so  con- 
tracted ; or  if  you  retire  from  them,  or  approach  to  them, 
till  the  images  reflected  by  them  coalesce,  or  run  into  one, 
they  will  appear  monstrously  distorted.  Thus,  if  they  be 
at  an  angle  somewhat  greater  than  a right  one,  the  iftiage 
of  one’s  face  will  appear  with  only  one  eye ; if  the  angle 
be  less  than  a right  one,  you  will  see  3 c>*es,  2 noses,  2 
mouths,  Ac.  At  an  angle  still  less,  the  body  will  have  two 
heads.  At  an  angle  somewhat  greater  than  a right  one, 
at  the  distance  of  4 feet,  the  b<»dy  will  be  headless,  Ac. 
Again,  if  the  mirror*  be  placed,  the  one  parallel  to  the  ho- 
rizon, the  other  inclin^  to  it,  or  drcliocd  from  it,  it  U 
easy  to  perceive  that  iho  images  will  be  still  more  ro> 
I 2 
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mantic.  Thus,  one  being  dr-clined  from  ibe  horiion  to  an 
angle  of  144  degrees,  and  the  other  inclined  to  it,  a man 
•ees  himself  standing  with  his  head  to  another's  feet. 

Hence  it  appears  how  mirror  may  be  managed  in 
gardens,  dec,  so  as  to  convert  the  images  of  those  near 
them  into  monsters  of  various  kinds : and  since  glass  mir- 
rors will  reflect  the  image  of  a lucid  objeot  twice  or  thrice, 
if  a candle,  See,  be  placed  in  the  angle  between  two  mir- 
rors, it  will  be  multiplied  a great  number  of  times. 

Lawi  qf  Co^x  Mianoas. 

1.  In  a spherical  convex  mirror,  die  image  is  less  than 
the  object.  And  hence  the  use  of  such  mirrors  in  the  art 
of  painting,  where  objects  are  to  be  represented  less  than 
the  life. 

2.  In  a convex  mirror,  the  more  remote  the  object,  the 
less  its  image;  also  the  smaller  the  mirror,  the  less  die 
image.  * 

3.  In  a convex  mirror,  the  right  hand  is  turned  to  the 
left,  and  the  left  to  the  right ; and  bodies  perpendicular 
to  the  mirror  appear  inverted. 

4.  The  image  of  a right  line,  perpendicular  lo  (he  mir- 
ror, is  a right  line ; but  that  of  a right  line  oblii^ue  or 
parallel  to  the  mirror,  is  convex. 

5.  Rays  roflecied  from  a convex  mirror,  diverge  more 
than  if  rraected  from  a plane  mirror;  and  the  smaller  the 
sphere,  the  rnore  the  rays  diverge. 

Laws  qf  Concave  MittKOKS. 

The  effects  of  concave  mirrors  are,  in  general,  the  reverse 
of  those  of  enuvex  ones;  rays  being  made  to  converge 
more,  or  diverge  less  than  in  plane  mirrors ; the  image  is 
roagniffed,and  (hcraore  sons  the  sphere  is  smaller ; dec,  kc, 

MITRR,  in  Architecture,  is  the  workmen’s  term  for 
mn  angle  that  is  just45  degrees,  or  half  a right  angle.  And 
if  the  angle  be  the  half  df  ibis,  or  a quarter  of  a right  angle, 
they  call  it  a half-mitre. 

MiXT  or  Figurct  is  one  contained  by  both  right 

and*curved  lines. 


Mixt  is  one  that  is  partly  an  integer,  and 

{tartly  a fraction  ; as  3}. 

Mixt  FatiOf  or  /Voporrion,  is  when  the  sum  of  the  an- 
tecedent and  consequent  is  compared  with  the  diflcrcnccof 
the  antecedent  and  consequent ; 

«:6::  c : d 
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MOAT,  in  Fortiflcaiion.  a deep  trench  dug  round  a 
town  or  fortress,  to  be  defended,  on  the  outsidcof  the  wall, 
nr  rampart.  The  breadth  and  depth  of  a moat  often  de- 
pend on  the  nature  of  the  soil;  according  as  it  is  marshy, 


rocky,  or  the  like.  The  brink  of  the  moat  next  the  ram- 
part, is  called  the  scarp  ; and  the  opposite  side,  the  coun- 


terscarp. 

Dry  Moat,  is  one  that  is  without  water;  on  which  ac- 
count it  ought  to  be  deeper  than  one  that  has  water, 
called  a wrt  moat.  A dry  moat,  or  one  that  has  a little 
>vatef,hasoftcna  small  ditch  running  all  along  the  middle 
of  its  bottom,  called  a cuvette. 

Fiat  •bottomed  Moat,  is  that  which  ba»  no  sloping,  its 
corners  being  somewhat  rounded. 

Lilted  Moat,  is  that  whotie  scarp  and  counterscarp  are 
cv«d  with  a wall  of  mason’s  work  lying  aslope. 

MOBILE,  PriattfiN, in  the  Ancient  Astronomy,  was  a 9th 
heaven,  or  sphere,  conceived  above  those  of  the  planets 
and  fixed  stus.  It  was  supposed  that  this  was  the  first 


mover,  and /Tarried  all  the  lower  spheres  about  with  it ; by 
its  rapidity  communicating  to  them  a motion  carrying  them 
round  in  24  hours.  But  the  diurnal  apparent  revolution 
of  the  beavans  is  now  bettor  accounted  for,  by  the  rotation 
of  the  earth  on  its  axis,  without  ihea^istanceofany  such 
primum  mobile. 

MOBILITV,  an  aptitude  or  facility  to  be  moved. 

The  mobility  of  mercury  is  owing /o  the  smallness  and 
sphericity  of  its  {Articles;  and  these  also  render  its  fixation 
so  difficult.  The  hypothesis  of  rhe  mobility  of  the  earth 
is  the  most  plausible,  and  is  universally  odmitted  by  mo- 
dem astronoovers.— Pope  Paul  V.  appointed  commissioners 
to  examine  tbc  opinion  of  Copernicus  with  regard  to  the 
mobility  of  the  earth.  The  result  of  ihcir  inquiry  was,  a 
prohibition  to  assert,  not  that  the  mobility  was  pwible, 
but  that  it  was  really  true  : that  is,  they  allowed  (be  mo- 
bility of  the  earth  to  be  held  as  an  hypothesis,  which  givo 
an  easy  ami  sensible  solution  of  the  phenomena  of  the 
heavenly  motions;  but  forbade  this  doctrine  to  be  main- 
tained us  a thesis,  or  real  effective  thing;  because  they 
conceived  it  contrary  to  Scripture. 

MODILLIONS,  small  inverted  consoles  under  the 
soffit  or  bottom  of  the  drip,  or  of  the  comiche,  seeming 
to  support  the  projecture  of  the  larmier,  in  the  Ionic,  Cory- 
posite,  and  Corinthian  orders. 

MODULAR  RatiOf  a term  invented  by  Mr.  Cotes,  to 
denote  tbc  ratio  or  number  whose  logarithm  is  what  hc- 
calls  the  modulus.  This  ratio  is  the  ratio 


of  1 to 
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that  is,  the  ratio  of  27 1S281H28459  &c  to  I, 
or  the  ratio  of  I to  0*367879441171  bic. 

See  Modulus,  and  Cotes s Lngometria. 

MODULE,  or  Liillc  Measure,  in  Architecture,  a 
certain  measurt*,  taken  at  pleasure,  for  regulating  the  pro- 
portions of  columns,  and  the  symmetry  or  distribution  of 
the  whole  building.  Architpctsusually  chome  the  diame- 
ter, or  the  seroidiameter,  of  the  bottom  of  ibecolumn,  for 
thcirwnodule ; which  they  subdivide  into  minutes;  for 
estimaitng  all  the  other  parts  of  the  building  by. 

MODULUS,  of  a system  oflogariihms,  a term  used  by{ 
Mr.  Cotes,  to  denote  the  lug.  of  the  moilular  ratio.  All 
the  logs,  in  any  system,  arc  proportional  to  this  modulus, 
which  in  the  hyperbolic  or  Napier'*s  lugs,  is  I, and  in  the 
common  or  Briggs’s  logs,  is  0*43429^4819  6tc.  See 
Modular  /2<zrio,  anil  Cutes’s  Logometria. 

MOINEAU,  aflat  bastion  raised  before  a eurtin  when 
it  is  too  long,  and  the  bastions  of  the  angles  loo  remote  to 
be  able  to  defend  each  other.  Sometimes  the  moineau  is 
joined  lo  the  eurtin,  and  sometimes  it  is  divided  from  it 
by  a rooat.  Here  musquetry  are  placed  to  fire  each  way.* 
MOIVRE.  De.  See  Demoivre. 


MO.LVKKt’X  (William),  an  exccllrnt  mathema- 
tician a.id  ShSonomer,  was  bom  at  Dublin  in  l6o6.  After 
the  usual  grammar  education,  which  he  had  at  home,  be 
was  entered  of  the  college.*  of  that  city.  ){i-rc  he  distin- 
guished himself  by  the  probity  of  his  manners,  as  well  as 
by  the  strength  of  his  genius ; and  having  made  a rt*mark- 
nbic  progress  in  academical  learning,  and  particularly  in 
the  new  philosophy,  as  it  was  then  called,  after  four  years 
spent  in  this  university,  he  was  sent  over  to  London,  where 
he  wa.s  admitted  into  the  Middle  'IVmplein  1675.  Here 
he  spent  tlirce  yea^i,  in  (he  study  of  the  laws  of  his  coun- 
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lr)f.  Bui  ihc  beni  of  his  genius  ky  slroogly  luward  ma-  the  moat  generally  useful  propositions  for  practice,  di-nion- 
tbemaiical  and  philosophical  studies;  and  even  at  the  strated  in  a clear  and  easy  manner,  for  which  reasonit  was 
uaiaertity  he  conceived  a dislike  to  scholastic  learning,  for  many  years  used  by  ibeartiticm:  and  the  second  part 
and  fill  into  the  methods  of  lord  Bacon.  is  very  entertaining,  especially  iq  the  history  which  he 

Returning  to  Ireland  in  l67d,  he  shortly  after  marrit'd  gives  of  the  several  optical  instruments,  and  of  the  disco> 
Lucy  the  (laughter  of  sir  William  DomviJIe,  the  king’s  veries  made  by  them. 

RltorDeygcnernl.  Being  master  of  an  easy  fortum*,  he  As  soon  as  the  public  tranquillity  was  settled  in  his  na* 
continued  to  indulge  himself  in  prosecuting  such  branches  live  country,  be  returned  home;  and,  on  the  convening  of 
of  natural  and  experimonul  philosophy  as  were  most  a new  parliament  in  1092,  was  chosen  one  of  the  reprC' 
agreeable  to  bis  fancy;  in  which  astronomy  having  the  sentativv^s  for  the  city  of  Dublin.  In  the  next  parliament, 
gix'atest  sbare,he  began,  about  lOdl,  a literary  correspond-^  in  ]0p5,  be  was  chosen  to  ivpresi'nt  the  university  there, 
ence  with  Mr.  Flamsteed,  the  astronomer  royal,  which  was  and  continued  to  do  so  to  the  end  of  his  life;  that  U'a^ned 
continued  fof  several  years.  In  1683  he  formed  a design  body  having  lately  conferred  on  him  the  degree  of  doctor 
of  erecting  a Philosopliical  Society  at  Dublin,  in  imitation  of  laws.  He  was  also  nominated  by  the  lorddieutenant 


of  the  Royal  Society  at  I.nndon  ; and,  by  the  countenance 
and  encouragement  of  Sir  William  Petty,  who  accepted 
the  office  of  president,  began  a weekly  meeting  that  year, 
when  our  author  was  appointed  their  6rsl  secretary. 

Mr.  Molyneux’s  reputation  for  learning  rc'Cominended 
him,  in  lo84,  to  the  notice  and  favour  of  the  first  great 
duke  of  Ormond,  then  lord>li«utenant  of  Ireland;  by 
whose  influence  chiefly  he  wasappoinu  d that  ycar,]oiiii)v 
with  sir  William  Robinson,  surve]ror>gem‘ral  of  the  king^s 
buildings  and  works,  and  chief  cngmccr. 

In  lo83,  he  was  chosen  felbw  of  the  Royal  Society  at 
London ; and  the  same  year  he  was  sent  by  the  govern- 
ment to  view  the  most  considerable  fortresses  in  Flanders. 
Accordingly  be  travelled  through  that  country  and  Hol- 
land, as  alio  of  Germany  aud  France  ; and  carrying  with 
him  Iclteri  of  recoininendatton  from  Flamsteed  to  Cassini, 
he  was  introduced  to  him  and  other>,  the  most  eminent 
astronomers  in  the  several  places  through  which  he  passed. 
Soon  after  his  return  from  abroad,  he  published  at  Dub* 
lin,  in  1686,  his  Sciothericuro  Telcscopium,  cuulaining  a 
Description  of  the  Structure  and  Use  of  a Telescopic  Dial, 
invent^  by  him:  another  edition  of  which  was  published 
at  London  in  1700.  * 

In  1688  the  Philosophical  Society  of  Dublin  was  broken 
, up  and  dispersed  by  the  confusion  of  the  times.  Mr.  Mo> 
lyneux  had  distinguished  himself  as  a member  of  it  from 
the  beginning,  and  presented  several  discourses  upon  cu* 
rious  subjects,  some  of  which  were  transmitted  to  the 
Royal  Society  at  London,  and  afterwards  printed  in  the 
Philosophical  Transactions.  In  l689<  among  great  num* 
l>crs  ol  other  Protestants,  he  withdrew  from  the  disturb- 
ances in  Ireland,  occasioned  by  the  severities  ofTyrconnel's 
government ; and  after  a short  stay  at  London,  he  flxrcl 
himself  with  his  family  at  Chester.  In  ibis  retirement,  he 
employed  himself  in  putting  together  the  materials  he  had 
some  time  before  prepared  for  bii  Dioptrics,  in  which  he 
wai  much  assisted  by  Mr.  FUmstued;  and  in  August  169O, 
be  went  to  London  to  put  it  to  the  press,  where  the  sheets 
were  revised  by  Dr.  ll^ley,  who,  at  our  author's  request, 
gav9  leave  for  printing,  in  the  appendix,  his  celebrated 
'nveorem  for  finding  the  Foci  of  Optic  Glasses.  Accord- 
ingly the  book  came  out,  1692,  in  4to,  under  the  title  of 
“ Dioptfica  Nova  j a Treatise  of  Dioptrics,  in  two  parts; 
wherein  the  various  Hkcts  aod  appearances  of  iphenca) 
glasses,  both  convex  and  cMCave,  single  and  combined, 
in  tele^copesaad  microscopes,  tugetber  with  their  useful- 
ness III  many  cooc^s of  human  iil'e,  are  explained.”  He 
gave  it  the  title  of.  IHc^trica  Nova,  both  because  it  was 
almost  wholly  new,  wry  little  being  borrowed  from  other 
writers,  and  because  it  Was  the  first  book  tlrat  appeared  in 
English  upon  tlie  subject.  The  worJt  contains  Kvcral  of 


one  of  the  commissioners  for  the  liorfeiicd  estates,  to  which 
employment  was  annexed  a salnry  of  300/.  a year;  but 
considering  it  as  an  invidious  office,  I16  declined  it. 

In  16981  he  published  ” The  C^ase  of  Ireland  stated,  in 
regard  to  its  being  bound  by  Acts  of  ParlianuiU  made  in 
England in  which  it  is  suppost*d  be  has  delivered  all,  or 
must,  that  can  be  said  upon  this  subject,  with  great  clear- 
ness and  strength  of  reasoning. 

Among  many  learned  persons  with  whom  lie  maintained- 
correspondence  arid  friendship,  Mr.  Locke  was  in  a par- 
ticular manner  dear  to  him,  as  apficars  from  their  letters. 
In  the  abovc-menlinned  year,  which  was  the  last  of  our* 
author's  life,  he  made  a journey  to  F.ngUnd,  on  ptirposc 
to  pay  a visit  to  that  great  man ; and  not  long  after  his 
return  to  Ireland,  he  was  seized  with  a fit  of  the  stone,, 
which  terminated  his  existence.  . . ^ 

Besides  the  three  works  already  mentioned,  viz,  the 
Sciothericum  Telescopium,  the  Dioptrica  Nova,  and  the. 
Case  of  Ireland  staled;  lie  published  a great  number  of. 
pieces  in  the  Philosophical  Transactions,  uhich  are  con- 
taiiK'd  in  the  volumes  14,  15,  I6,  18,  21,  22,  23, 

26,  29,  several  paik-rs  commouly  in  each  volume. 

Molymxux  (Mnuie/),  sen  of  the  former,  was  born  at 
Chester  in  July  l6ft9;  and  educated  with' great  care  by 
bis  father,  according  to  the  plan  laid  down  by  Locke  on 
that  subject.  When  Ins  father  died,  he  was  left  to  the 
management  of  his  uncle,  Dr.  Thomas  Molyneux,  an  ex- 
cellent scholar  and  physician  at  Dublin,  and  also  an  inti- 
mate friend  of  Mr.  Ixicke,  who  executed  his  trust  so  well, 
that  Mr.  Molyneux  became  afterwards  a most  polite  and 
accomplished  gentleman,  and  was  made  secretary  to 
George  the  3d  whi-n  prince  of  Wahs.  ^tronouiy  and 
optics  bring  his  favourite  studies,  as  they  had  been  his 
father’s,  he  projected  many  schemes  for  the  advancement 
of  them,  and  was  particularly  employed  in  tho  years 
1723,  1724,  and  1725,  in  perk-cting  the  method  oi  makin| 
telescopes;  one  of  which  instruments,  of  his  own  making, 
be  had  presented  to  John  the  5th,  king  of  Portugal. 

Being  soon  uficr  appointed  a commissioner  of  tho  admi- 
ralty, he  became  so  engaged  in  public  afl'airs,  that  he  had 
not  leisure  to  fAirsue  those  inquiries  any  further,  as  he  in- 
tended. He  therefore  gave  his  papers  to  i)r.  Robert 
Smith,  professor  of  Bstmnomy  at  Cambridgci  whom  he 
invited  to  make  use  of  his  house  and  apparatus  of  instru- 
ments. in  order  to  finish  what  [te  iind  leii  imperfect.  Butt 
Mr.  Molyneu.x  dying  soon  after.  Dr.  Smith  lost  the  oppor- 
tunity; he  however  supplied  what  wav  wanting  from  M. 
Huygem  and  others,  and  published  the  whole  in  his- 
**  Complete  Treatise  of  Optio.” 

MOMENT,  in  Time,  is  somrtiiiKii  taken  foir  an  ex- 
tremely small  part  of  duration;  but,  more  pioperly,  it  is- 


M O N 


MON  [ 62  ] 

• only  nn  instant  or  tcrminatton  or  limit  in  time,  like  a hit  fiitt  olm-rvaliona,  vi*.  ortkeoppotittoiiof  Saturn.  At 

ptim  in  geometry.  Maclaurin't  Fluxion^  vol.  1,  pa.  245.  20,  lie  was  numinated  a member  of  the  Royal  Academy 

Moments,  in  the  new  Doctrine  of  Iulimte«,ilenote  the  of  Sciences,  In  1735,  ho  accompanied  Mtupi-rtuis  in 
indclimtely  imaJl  parts  of  quaiitity’j  or. they  aa*  the  same  the  expedition  to  Lapland,  to  measure  a degirc  of  the 
with  what  arc  othenvi^  called  inhnitetimals,  and  diffc-  imTidwn : and  be  was  the  first  astronomer  who  had  the 
fences,  or  increments  and  deerflnents ; being  the  momen-  satitfaciion  of  measuring  the  diameter  of  the  moon  on  the 
Ury  inert  ments  or  decrements  of  quantity  considered  as  sun’t  disk.  In  1760,  he  drew  a niehdiun  at  the  Royal 
in  a continual  flux.  Moments  are  the  generative  priiici-  Chiieau  at  Bellevue,  where  the  king  often  made  nbscr> 
pies  of  roagiiiiudv:  they  have  no  determined  magnitude  of  smtinns.  hi‘  Motmicr  was  naturally  of  a very  irritable 
their  own ; but  are  only  iticepuvr  of  magnitude.  Hence,  temper;  ns  ardently  as  be  loved  bis  friends,  as  easily  could 
1^  it  is  the  samo  thing,  if,  instead  of  these  moments,  the  he  be  oflewhd ; and  his  hatred  was  then  implacable.  Lit- 
velociltcs  of  their  increases  and  decreases  be  made  use  of,  lando,  who  had  been  bis  pupil,  had  the  nTbfomine  to  incur 
or  ibe  finite  quantities  that  arc  proportional  to  such  vck>»  bis  displeasure ; and  be  rwvcr  after  could  reguin  his  favour, 
cities;  the  method  of  proceeding  which  considers  the  At  the  timeof  La*  Monnu  t's  death,  he  had  aniasiKd  a va^l 
motions,  changes,  or  lluxwins  of  quantities,  K denominated,  quantity  of  observations,  which  be  could  never  be  pre> 
by  Sir  Isaac  Newton,  the  method  of  fluxions.  vailed  on  to  puldisb,  but  concealed  ihi  m in  a place,  which 

Lcibniir,  and  most  foreigners,  considciing  theac  infi-  it  was  hared  he  bad  foraoiten;  so  that  it  has  b«tm  lup- 
nitcly  small  parts,  or  innnitesimals,  as  the  differences  of  posed  they  are  lost  to  the  world,  unless  the  place  should 
two  quantities;  and  thence  endeavouring  to  find  the  difle>  happen  to  be  known  to  the  celebrated  mathematician  La* 
rcnccs  of  quantities,  i.  e,  some  moments,  or  quantities  in-  grange,  who  married  one  of  his  daughters  in  1792. 
definitely  small,  which  taken  an  infinite  number  ol  times  MONOCKROS,  the  f ntcOTn,  one  of  the  new  constel- 
shall  equal  given  quantities;  call  those  moments,  diffe-  lalions  of  the  iiorlhem  hemisphere,  or  one  of  those  which 
fences;  and  the  method  of  procedure,  the  differential  cal-  Hcvelius  has  mlded  to  the  48  old  nsterisms,  and  formed 
cului.  out  of  the  steiliu  itiformes«  or  those  which  were  not  com- 

Moment,  or  Momnium,  in  Mechanics,  is  tlie  same  prised  within  the  outlines  of  any  of  the  others.  In  Hevt'. 
•thing  with  Impetus,  or  the  quantity  of  motion  in  a moving  liusS  catalogue,  the  Unicom  contains  19  stars,  but  in  the 
body.  In  comparing  the  motions  of  bodies,  the  ratio  of  Britannic  catalogue  31.  > 

their  momenta  is  always  compounded  of  the  quantity  of  MONOCIIORD,  a inusicaj  instrument  with  only  one 
matter  nnd  the  celerity  of  the  moving  body  : so  that  the  string,  used  by  the  ancients  to  try  the  variety  and  proper- 
momentum  pf  any  such  body,  may  be  considered  as  the  tion  of  sounds.  It  was  trirmed  of  a rule,  div  ided  and  sul»- 
rrclangle  or  product  of  the  quanliiy  of  matter  and  the  divided  into  K'veral  parts,  on  which  there  is  a movrabic 
velocity  of  the  motion.  As,  if  6 denote  any  body,  or  the  .string  stretched  over  two  bridges  at  the  extremes  of  it. 
quantity  or  mass  of  mailer,  and  p the  velocity  of  its  mo-  In  the  interval  between  these  is  a sliding  or  moveable 
lion;  then  bv  will  express,  or  be  proportional  to,  its  mo-  bridge,  by  means  of  which,  in  applying  it  to  the  different 
menium  m.  Aiso  if  u bo  another  b<jdy,  and  v its  vrio-  divisions  of  the  line,  the  sounds  arc  found  to  bear  the  same 
city : then  its  momentum  m,  is  as  bv.  So  that,  in  gene-  proportion  to  each  other,  as  the  division  of  the  line  cut  by 
nil,  M : w : : Bv  : hr,  i.  c.  the  momenta  arc  as  the  pro-  the  bridge.  This'instrument  is  also  called  the  Harmonica! 
ducts  of  ibc  mass  and  velocity.  Hence,  if  the  roofuenta  Canon,  or  the  Canonical  Rule,  because  it  serves  to  meu- 
M and  m Ur  equal,  then  shall  the  two  products  BV  and  bv  sure  the  dcgrccsof  gravity  oracutencss.  Ptolemy  examines 
be  equal  also;  and  consequently  B : 6 : : r : v,  or  the  his  harmunical  intervals  by  the  monochord.  When  the 
iMKiies  will  be  to  each  other  in  the  inverse  or  reciprocal  chord wusdivided imotwocqual  parts, sotbatiheparls  were 
ratio  of  their  veL^ities;  that  is,  either  body  is  so  much  as  1 to  I,  they  called  them  Unisons;  butif  they  were  as2 
the  greater  as  its  velocity  is  less.  And  this  force  of  mo-  to  1,  they  called  them  Octaves  or  Diapasons;  when  they 
mentum  is  of  a different  kind  from,  and  incomparably  wore  as  3 to  2,  they  called  them  Diapcnles,  or  Fifths;  if 
grratcr  than,  any  mere  dead  weight,  or  pressure  what-  they  were  as  4 to  3,  they  called  them  Diatessarotis,  or 
ever.  • Fourths;  if  the  parti  were  as  5 to  4,  they  called  them 

The  momentum  also  of  any  moving  body,  may  be  con-  Diton,  or  Mg|Of^tfatrd  j but  if  they  were  as  6 to  5,  they 
sidcred  as  the  hggregate  nr  sum  of  all  the  momenta  nf  the  were  called  a Derai-diton,  or  Minor-third  ; and  lastly,  if 
l^arts  uf  that  body  ; anti  Uicreforc  when  the  magnitudes  (he  parts  were  as  S4  tot^,  a Demitone,  or  Dicze. 
and  number  of  particles  arc  the  same,  ami  also  moved  'I'hc  monochord,  being  thus  divided,  was  properly  what 
with  the  same  Celerity,  then  will  the  momenta  of  the  they  called  a system,  of  which  there  were  many  kinds,  ac- 
wholes  be  the  same  also.  cording  to  the  different  divisions  uf  the  monochord. 

MOND.XV,  the  second  day  in  the  week.  Mokociiori)  is  also  used  for  any  musical  instrument 

MONAOL''.  DiuiTs,  iiuiivi'»ible  ibiii^.  consisting ofonlyowecbord  orstring.  Such  is  ihetnjinp- 

MONNIKR,  (Petek  CuAKLEs  le)  tm*  son  of  Peter  marine.  , 

• lo  Monnicr,  professor  of  pliilosophy  at  Paris,  was  born  at  MONOTRIGI..YPH,  a term  in  Architecture,  denoting 
Paris,  November  20,  1715,  and  died  at  Lixieux  in  Kor-  the  space  of  one  triglyph  between  two  pilasters,  or  two 
mandv,  April  2,  1799*  "t  S4th  year  of  his  age,  nnd  columns. 

then  tlic  uidi'st  astronoroiT  in  Kuropr.  His  observations  MONSOON,  a regular  or  periodical  wind,  that  blows 
and  luemuirs,  to  a vast  number,  are  chiefly  contained  in  one  wn^'  for  b’  months  together,  and  the  contrary  way  the 
the  memoirs  of  thcRi>\al  Academy  of  Sciences ; besides  other  6 months  of  the  year.  These  prevail  in  several  parts 
which,,  he  published  the  Hivlotre  (*eieste,  1741»  in  4lo.  uf  the  eastern  and  southern  oceans. 

In  this  wuik  IS  twice  found,  but  only  as  a fi.xcd  star,  Dr.  MONTH,  tbe  12tii  part  uf  the  year,  and  is  so  called 
Hcrschels  new  planet.  From  his  earliest  years  he  dc-  trom  the  moon,  by  whoiw*  millions  it  was  formerly  regu- 
Toted  himself  to  aslrunumy ; w hen  a yuuth  of  l6  he  made  laicd  ; bring  properly  the  time  in  which  the  moon  runs 
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through  the  iocliac.  The  lunar  month  is  either  illumi- 
naiivc,  ^>crif>(lical,  or  synodical. 

• Illuminative  Month,  is  the  interval  between  the  first 
appearance  of  one  new  moon  anti  that  of  the  next  follow* 
ing.  As  the  muon  appears  loinntimes  sooner  after  one 
change  than  alter  another,  the  quantity  of  the  illuminative 
TDonth  is  not  always  the  same.  'Fhe  'I'urks  and  Aral>s 
reckon  by  (his  month. 

Lunar  Periodical  hfovTH,  is  the  time  in  which  the 
moon  runs  through  the  zodiac,  or  rclunis  to  the  same 
point  again  ; the  quantity  of  which  is  27  dhp  7brt  43m. 
8 see.  • 

Ltcaar  Synod/raf  Month,  called  also  a Lunation,  is  the 
time  between  two  conjunctions  of  the  im»rm  with  the  sun, 
or  between  two  now  moons;  the  quantity  of  which  is  29 
days  12  hours  44  in.  2 see.  48  thinls.  1 he  ancient  Ro- 
mans used  lunar  months,  ami  made  them  alternately  of  29 
and  30  days:  th(^  marked  the  days  of  each  month  by 
three  terms,  vjz,  Calends,  Nones,  and  fd«*s. 

Solar  Month,  is  the  time  in  which  tin*  sun  runs 
through  one  entire  sign  of  theeclipiic,  the  nu*an  quantity 
, ofwhichis  30  days  10  hours  29  5 ^ec.  being  the  I2lh 

part  of  365  ds-  5 hrs.  +9  tnin  the  mean  solar  year. 

Attronomicnl  or  Natural  Month,  is  that  measured  by 
some  exact  interval  corresponding  to  the  motion  of  the  sun 
or  moon.  Such  are  the  lunar  and  solar  months  above- 
mentioned. 

Cm/ or  Coalmen  Month,  is  an  interval  of  a certain 
number  of  whole  days,  approaching  nearly  to  the  quan- 
tity of  some  astronomical  month.  These  may  be  either 
lunar  or  solar  The 

DWi  Laarir  M o N tii  , consists  alternately  of  29>nd  SOdays. 
Thus  will  two  civil  months  bt'  equal  In  two  astronomical 
ones,  abating  for  the  odd  minutes;  and  so  the  new  moon 
will  be  kept  to  the  first  day  of  such  civil  months  for  a long 
time  together,  i'his  was  the  month  in  civil  or  common 
use  among  the  Jews,  Crocks,  and  Romans,  till  the  lime  of 
Julius  Cmsar.  The 

Civil  Solar  Month, consisted  alternately  of  30  and  31 
days,  excepting  one  month  of  the  twelve,  which  consisted 
only  of  29days,  but  every  4th  year  of  30  days.  And  this 
form  of  civil  months  was  introduced  by  Julius  ra*sar.  Un- 
der Augustus,  the  6th  month,  till  then  frtimits  place  called 
sexiilis,  received  the  name  Augustus,  now  August,  in 
honour  of  that  prince ; and,  to  make  the  coinplimcnt  still 
the  greater,  a day  was  added  to  it ; which  made  it  consist 
of  31  days,  though  til)  then  it  had  only  contaim-d  30  days; 
to  compensate  for  which,  a day  was  taken  from  February, 
making  it  consist  of  28  days,  and  29  every  4ih  year.  And 
such  arc  the  civil  or  calendar  months  now  uK'd  through 
Europe. 

MONTUCLA  (John  Stkphsn),  member  of  the  Na- 
tional Institute,  and  of  the  Academy  of  Berlin,  censor 
royal  of  mathematical  books,  was  born  at  Lyons,  the 
5th  of  September  1725.  His  father  was  a banker,  by 
whom  be  wa.v  intended  for  the  same  profession ; but  the 
science  of  calculatioDS,  to  which  he  was  early  jntro- 
(fucet),  soon  produced  a discovery  of  the  Ratora!  bent 
r>f  his  mind.  In  the  Jesuitvcolle^  at  Lyons  he  laid  a 
good  foundation  in  the  anciuit  languages,  as  well  as  in 
the  mathematical  sciences,  which  enabled  him  afterwards 
easily  to  acquire  a competent  acqii.-tinlance  with  the 
Italian,  the  German,  the  Dutch,  and  the  English,  which  he 
not  only  lead,  but  al#o  spoke  very  well. 

At  lo  years  of  ngc  .Montucia  lost  his  father;  and  his 


grandmother,  who  bad  been  left  guardian  of  his  education, 
died  4 years  after.  Having  finished  his  studies  at  Lyons, 
he  went  to  Toulousc  to  study  the  law,  a branch  of  study 
dci'med  nccosary  in  the  lit>eral  education  ofijverv  person 
hot  destined  for  the  profession  of  arms. 

• From  hence  he  rrpaireil  to  Pans,  to  enjoy  in  that  ca- 
pital all  the  bemliiA  u afforded  to  the  studious,  in  the 
levsons  of  the  br-st  masters,  in  the  rich  colU  t^om  of  the 
productmns  of  nature  and  art,  in  the  best  libraries  of  books, 
and  in  the  united  societies  of  the  literati,  among  whom 
he  found  friends  fur  the  rest  of  his  life,  and  which  fixed 
and  determined  his  choice  and  pursuit  of  the  mathemati- 
cal and  philosophical  sciences,  in  which  he  afterwards  I 
distinguished  himself  in  so  eminent  a degree.  It  was  only 
in  relaxing  and  unbending  Lis  mind,  from  such  severe  ex- 
ercises, tliat  he  could  sometimes  occupy  himself  privately 
on  subjects  of  less  magnitude ; such  as  when  he  in  a man- 
ner maiic  an  entire  new  book  of  Ozanam’s  Mathematical 
Recreations,  by  the  multitude  of  articles  added,  abridged, 
or  substituted  : on  which  occasion  he  had  so  closely  con- 
cealed from  every  person  the  secry  of  his  concern  inlhat 
neat  and  improved  edition,  that  the  work  was  actually 
fti'iit  to  him  to  examine  and  authorize  in  his  capacity  of 
public  censor  for  inaibemalicail  books,  an  honorary  office 
to  which  he  had  some  time  before  been  appointed.  To 
the  last  edition  of  those  Recreations  however,  he  set  the 
initials  of  faU  name, 

Many  other  pieces  were  in  the  like  anonymous  manner 
composed  by  Montucia ; among  which  may  be  here  no- 
ticed an  ingenious  and  learned  History  of  Researches 
relating  to  the  quadrature  of  the  circle,  published  in 
1754;  a work  very  interesting,  on  account  of  the  number 
of  speculators  who  have  gone  astray  after  that  seducing 
phantom,  and  of  the  carioas  properties  which  the- re- 
searches have  given  rise  to. 

On  occasion  of  intraducing^into  France,  in  1756,  the 
practice  of  inoculation,  which  had  been  introduced  into 
England  in  1721.  by  lady  Montague,  on  her  return  from 
Constantinople,  MontucU  made  a translation  from  the 
English  of  the  principal  writings  on  that  subject,  which 
he  added  to  the  Memoire  of  la  Condamirve. 

In  the  year  1758,  came  out  Montucla's  grand  work,  the 
History  of  Mathematics,  in  2 huge  volumes  in  4lo:  a 
work  of  jirofound  reading  and  teaming,  and  upon  which, 
young  as  he  was,  hr  had  spent  a great  many  years  of  his 
life.  1 his  performance,  of  immense  labour  and  erudition, 
published  at  33  years  of  his  age,  justly  procured  to  the 
author  a most  distinguished  place  in  the  learned  world. 

This  history,  so  truly  admirable,  whether  wc  consider  the 
extreme  clearness  ami  precision  with  which  the  subjects 
are  treated,  or  the  profound  h-arning  it  exhibits,  having 
tK’en  long  out  of  print,  the  author's  employment  under  the 
government,  as  first  commissary  of  the  king’s  buildings, 
for  many  yearn  prevented  him  from  fully  yielding  to  the 
solicitations  of  his  learned  friends,  to  continue  the  work 
through  the  18th  century,  in  a ucw  and  enlarged  edition.  • 
But  the  unfortunate  loss  of  his  fortune  and  employment, 
by  the  late  revolution  in  France,  left  him  but  too  much 
leisure  for  that  purpose.  The  consequence,  ha)>py  in  this 
instance  for  the  sciences,  has  been  a new  edition  in  4 large 
volumes;  in' which  the  history  is  continued  down  to  the 
end  of  the  18tb  century,  and  the  /ormcr  parts  also  very 
much  enlarged  and  borrected. 

In  1755,  Montucia  was  elect*  d an  a^sociatid  member 
of  the  Academy  at  Berlin.  And  in  I76t  he  was  placed 
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mi  Orenobir  as  secretary  to  the  offici:  of  iutcndnrce,  where 
he  imiicii  in  a (iap|«y  marria^  with  Maria  Fran^nisc  Ro- 
ntamJ. 

TheJuke.de  ChuiMul  having  ordered,  in  17()4,  a colony 
to  be  I'ormeJ  nt  Cay«  nne,  Montucla  went  out  there  as  fir^t 
secretary  to  *(lie  commission,  tu  which  appointment  vans 
joimxl  also  that  of  astronomer  royal.  Ihe  atfairs  of  the 
colony  noi|>roving  successful,  alter  15  uroliths  Montucla 
returm-U  Hgam  to  Grenoble,  bringing  with  him  mauy  use- 
ful observ.-|tion»  and  specimens  in  botany  and  natural  his- 
tory, which  proved  bencheial  both  to  the  sciences  and  to 
the  public  at  large.  This  voyage  also  furnished  him  with 
those  ebrious  obn'rvations  on  the  shining  of  the  ^ca  in 
many  places,  and  of  various  luminous  insects,  wliich  are 
insefU’ii  near  llio  end  of  the  4th  volume  of  hts  Recreations. 

Soon  after  his  reit^rn,  Montucla  was  appointed  at  Ver- 
sailles to  the  honouiable  and  pruhtable  otTicu  of^rstcom- 
mtssiom-r  of  the  royal  ami  public  buildings;  an  employ 
menl  which  he  executed  with  great  ability  and  usefulness 
-during  mure  than  '25  years,  till  the  overthrow  of  the  mo- 
narciiy  an  end  at  once  to  this  office,  and  the  little  for- 
tune his  regularity  amfccconomy  had  enabled  him  to  save, 
throwing  him  again  on  the  world,  in  his  old  age,  naked 
and  stript  of  every  thing  except  his  iutegtity,  and  the  love 
and  rcs|)cct  of  his  frii-nds.  ' 

The  modesty  and  integrity  of  Montucla  were  not  less 
remarkable  than  his  erudition.  He  uiu  odcred  a place  in 
the  Academy  of  Sciences  of  Paris ; which  through  deli- 
cacy he  refused,  as  he  felt  he  should  not  have  leisure  suf- 
ficient properly  to  atteml  to  the  duties  of  it.  The  por- 
tions of  time  which  others  would  give  to  their  pleasures, 
or  amusenu'iits  in  their  families,  he  always  devoted  to  the 
details  of  the  duties  of  bis  office,  or  to  his  studies.  The 
translation  from  the  Knglish,  of  Carver's  Travels  in  North 
America,  was  the  sole  monument  of  hii  pen,  during  that 
long  interval.  Ami  even  this  was  produced  properly  in 
the  faithful  discharge  of  the  public  duties  with  which  be 
was  charged,  lleing  particularly  Intrusted  by  the  govem- 
inent  with  the  corrcspundencv  relating  to  the  voyages 
which  it  ordered,  he  made  it  bis  duty  and  care  to  collect 
all  the  accounts  he  could  tind  relating  to  such  enterprises 
i>y  other  countries.  With  this  view,  at  Hrst  only  amusing 
his  family  with  the  reading  of  Carver's  Travels,  finding  it 
cntiTiiiining  and  in^ructivr,  he  compleU'd  and  published 
the  whole  Irutislation. 

Montucla  was  named  a memberof  the  National  Institute 
from  the  time  of  its  commencement.  And  the  govern- 
ment of  179^  employed  him  in  examining  ami  analysing 
the  troatisi'S  deposited  in  the  national  archives.  He  was 
named  professor  of  mathematics  of  the  central  school  at 
Paris;  but  the  bad  stale  of  h»  health  would  not  pirmit 
him  tu  accept  it;  and  the  department  honoured  him  with 
a place  in  the  jury  of  central  instruction.  But  a place  in 
the  office  for  the  national  lottery  was  the  only  resource  for 
bis  family  durirtg  two  years;  a pension  of  2400  francs 
(lUO/.)  given  him  by  the  minister  Neufehateau- on  the 
death  ol  Saussurc,  and  which  he  enjoyed  only  four  months 
befoic  his  decease,  which  happemd  the  18thof  Dt'ccmbcr 
1799*  It  Miis  chicHy  occasioned,  as  it  often  happens  to 
literary  and  st'deniary  men,  by  a retention  of  urine : 
leaving  a widow,  as  also  a daughter,  inarriv*d  in  l7S3t 
and  a son  employed  in  the  office  of  the  minister  for  the 
interior.  • 

Montucla  was  one'of  the  many  considerable  mathema- 
ticians of  the  18ih  century;  being  well  ac<)uaintcd  with 


all  the  branches  ami  improvements  in  those  abstruse  sci" 
cnecs.  His  taste  however,  always  chaste  and 'cirer,  led 
him  to  prefer  the  pure  and  luminous  methods  of  the  an-  • 
cient  mathematicians,  and  to  blame,  in  the  Froiicjt  and 
the  Germans,  the  great  n^lect  of  the  same  principles, 
which  they  showi^d  uu  all  occasions  by  ibeir  preference  of 
the  more  modern  analysis. 

In  the  qualities  of  bis  heart  too  Montucla  was  truly 
estimable:  remarkably  modest  in  his  manner  and  deport- 
ment; benevolent  far  beyond  the  means  of  his  small  for- 
tune: of  a very  respectable  personal  appearance;  hcspokc 
wiih  cose  and  precision,  but  unassuming  and  with  simpli- 
city ; related  anecdotes  and  stories  in  a pleasant  and  play- 
ful manner;  and  breathing,  in  all  bis  conduct  and  depoit* 
ment  the  iwi-cincss  of  virtue,  and  the  delicacy  of  a tim' 
taste. 

MOON,  LunOy  f , one  of  the  heavenly  bodies,  bt*ing 
a satellite,  or  secondary  planet  to  the  earth,  considere'd 

a primary  planet,  about  which  she  revolves  in  an  elliptic 
orbit,  or  rather  the  earth  and  moon  revolve  about  a com- 
mon centre  of  gravity,  which  is  as  much  nearer  to  the 
earth’s  centre  than  to  the  moon's,  as  the  mass  of  the  for- 
mer exceeds  that  of  the  latter.  * 

The  mean  time  of  a revolution  of  the  moon  about  the 
earth,  from  one  new  moon  to  another,  when  she  overtakes 
the  sun  again,  is  29d.  12  h.  44  ro.  2s.  48ih.;  but  she  moves 
once  round  her  own  orbit  in  27d.  7h.  43m.  8s,  moving 
about  2290  miles  every  hour;  and  turns  once  round  her 
axis  exactly  in  the  time  that  she  goes  round  the  earth, 
which  is  tlic  reason  that  she  shows  always  the  same  side 
towards  us;  and  that  her  day  and  night  taken  together 
arc  just  as  long  as  our  lunar  month. 

'Tbe  mean  distance  of  the  moon  from  the  earth  is  60 
radii,  or  50  diameters,  of  the  earth ; which  is  about 
237,500  miles.  Tlic  mean  cxcentricity  of  her  orbit  is 
to^q  or  nearly  of  her  mean  distance,  amounting  to 
about  13.000  miles.  Her  diameter  is  to  that  of  tbe  earth, 
as  20  to  75,  or  nearly  as  3 to  1 i,  or  1 to  3|> ; and  there- 
fore it  is  equal  to  2180  miles:  her  mean  apparent  dia- 
meter is  31'  being  32'  12*.  The 

surlace  of  the  moon  is  to  the  surface  of  tbe  earth,  as  1 
to  13y»  or  as  3 tu  40;  so  that  the  earth  reflects  13  times 
as  much  light  upon  the  moon,  as  she  docs  upon  the  earth  ; 
nnd  her  solid  content  to  that  of  the  earth,  as  3 to  146,  or 
as  1 to  48|.  The  density  of  thi;  moon's  body  is  to  that 
of  the  earth,  as  5 to  4;  and  therefore  her  quantity  of 
matter  to  tiiat  of  tbe  earth,  os  1 to  39  nearly;  the 
force  of  gravity  on  her  surface,  is  to  that  on  the  earth, 
aH  UK)  to  293.  The  moon  has  little  or  no  diflerence  of 
seasons  ; because  her  axis  is  almost  perpendicular  to  the 
ecliptic. 

Pkmomcna  and  Pkw*  qf  the  Moov.  The  moon  being 
a (lark,  opaque,  spherical  body,  only  shining  with  the 
light  she  receives  from  the  sun,  hence  onl^  that  side 
turned  towards  him,  at  any  instant,  can  be  illuminated, 
the  opposite  side  rc*maining  in  its  native  darkness  : and,  ns 
the  face  of  the  moon  vi»ihlc  on  our  earth,  is  that  part  of 
her  Body  turned  towards  us;  so,  according  to  the  various 
positions  of  the  moon,  with  respect  (o  the  earth  and  sun, 
wc  perccire  different  degrtcs  of  illuminotion  j sometimes 
a large  and  sometimes  a less  portion  of  the  enlightened 
surface  being  visible:  And  hence  the  moon  appears  some- 
times increasing,  then  waning;  sometimes  hurned,  then 
half-round;  sometim(*s  gibbous,  then  full  and  round. 
This  may  be  easily  illustrated  by  means  of  an  ivory  ball, 
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«»hich  beiog  before  a catuHc  in  various  positions,  wiU 
present  a greater  or  less  portion  of  its  illuminated  hemi- 
sphere to  the  view  of  the  observer,  according  to  its  situation 
in  moving  it  round  tbe  candle. 

The  sume  phases  may  be  otherwise  exhibited  thus: 
Let  s represent  the  sun,  t the  earth,  and  aiicx)  &c  the 
moon's  orbit.  (Plate  1.9,  fig.  3.)  Now,  when  the  moon 
is  at  A,  in  conjunction  wiib  the  sun  s,  her  dark  side 
being  entirely  turned  towards  tbu  earth,  she  will  be  in- 
visible, as  at  a,  and  is  then  ealled'the  new  moon.  When 
she  comes  to  her  first  octant  at  n,  or  has  run  through  the 
Itih  part  of  her  orbit,  a quarter  of  her  enlightened  hemi- 
sphere will  be  turned  towards  the  eartli,  and  she  will  then 
appear  horned,  as  at  6.  When  she  has  run  thrt)Ugh  the 
quarter  of  her  orbit,  anil  arrived  at  C,  she  shows  us  tbc 
half  of  her  enlightened  hemisphere,  as  at  c,  and  she  is 
(hen  said  to  be  ut  the  half.  At  i>she  is  in  her  2d  octant, 
and  by  showing  us  more  of  her  cnlightcrvcd  hemisphere  than 
at  c,  she  appears  gibbous,  as  at  tL  At  her  opposition 
at  £ her  whole  enlightened  side  is  turned  towanls  the 
earth,  when  she  appears  round,  as  at  e,  and  sbe  is  said 
to  be  full ; having  incfea.scd  all  the  way  round  from  a to 
K.  On  the  other  side  she  decreases  again  all  the  way 
from  £ to  A : thus,  in  her  3d  octant  at  f,  part  of  her  dark 
side  being  turned  towards  the  earth,  she  again  appears 
gibbous,  as  at/.  At  a she  .ippears  still  farther  <lecreast‘d, 
showing  again  just  one  hall  of  her  illumi/tated  side,  as 
atg.  But  when  she  comes  to  her  fourth  ortaiitt  at  it,  she 
presents  only  a quarter  of  her  (‘iilightened  hemispherr,  and 
again  appears  horned,  as  at  h.  And  at  a,  having  now 
completed  her  course,  ahe  again  di&appears,  or  becomes 
u new  moon  again,  as  at  first.  'l‘he  earth  also  presents 
exactly  the  same  phases  to  a spectator  in  the  miKin,  as 
she  d(H’s  to  us,  but  only  in  a contrary  order,  the  one 
being  full  when  (he  other  changes,  &c. 

T%t  Motions  of  the  Moon  are  most  of  them  ^'ery  irregu- 
lar. Tbe  only  equable  motion  she  has,  is  her  revolution 
on  her  own  axis,  in  the  space  of  a month,  or  time  in 
which  she  moves  round  tbe  eartli;  which  is  the  reasrm 
that  she  always  turns  the  same  face  towards  us.  This 
exposure  of  the  same  face  is  not  however  so  uniform,  but 
that  she  tarns  sometimes  a little  more  of  the  one  side,  and 
sometimes  of  the  other,  called  the  moon’s  libration;  and 
also  shows  sometimes  a little  more  towards  one  pole  and 
sometimes  towards  the  other,  by  a motion  like  a kind  of 
wavering,  or  vacillation.  The  lormer  of  thtsc  mniioiis 
happens  from  this  circumstance:  the  moon's  rotation  on 
her  axis  is  equable  or  uniform  ; while  her  motion  in  lier 
orbit  is  unequal,  being  quickest  when  the  moon  is  in  her 
perigee,  and  slowest  when  in  the  apogee,  like  all  other 
planetary  motions;  whence  it  happens  that  sometimes 
more  of  one  side  is  turned  to  (ho  earth,  and  sometimi's  of 
the  other.  And  the  other  irregularity  arises  from  this  : 
that  the  axis  of  the  rru>on  is  not  perpendicular,  but  a 
little  inclined  to  the  plnrtc  of  her  orbit:  and  as  this  axis 
maintains  its  parallelism,  in  the  moon’s  motion  round  the 
earth;  it  must  necessarily  change  its  situation,  in  respect 
to  an  observer  on  tbe  earth  ; whence  it  happens  that  somc- 
ttm«‘>  the  one,  and  sooietimes  tbe  other  polo  of  the  moon, 
becomes  visible.  , 

The  V'  ry  orbit  of  the  moon  is  changeable,  and  does 
not  always  preserve  tbe  same>tigurc:  for  though  her  orbit 
be  elliptical,  or  m‘arly  so,  having  (be  earth  in  one  focus, 
tbe  excentricity  of  the  ellipse  is  varied,  being  sometimes 
increased,  and  sometimi-s  diminished  ; vix,  being  greatest 
VoL.  II. 


when  the  line  of  the  aps«  coincides  with  that  of  the  sy- 
xygics,  and  least  when  these  lines  arc  at  riglit  angles  to 
each  other.  Nor  in  the  apogee  of.thc  moon  without  an 
irregularity ; Ix-ing  found  to  move  forward,  when  it  coin- 
cides with  the  line  of  thesyxygies;  and  backward,  when 
it  cuts  that  lineal  right  angles.  Neither  is  this  progrexs 
or  regress  uniform;  lor  in  the  conjunction  or  opposiiion, 
it  goes  briskly  forward  ; ami  in  the  quadraturi's,  it  either 
moves  slowly  forward,  stands  still,  or  goes  backward. — 
The  motion  of  the  nudes  is  also  variable;  being  quicker 
and  slower  in  different  positions. 

Tie  Physical  Cause  ^ the  Moon’s  Motion,  about  the 
earth,  Is  the  same  as  that  of  all  the  primary  planets 
about  the  sun,  and  of  the  satellites  about  their  pumancs, 
VI2,  the  mutual  attraction  between  the  earth  ana  moon. 
As  for  the  particular  irregularities  in  the  moon's  mgtidn, 
to  which  the  earth  and  other  planets  are  nut  subject,  they 
arise  from  tbe  sun,  whicli  acb  on,  and  disturbs  her  in  her 
ordinary  course  through  her  orbit ; apd  are  all  mechani- 
cally deducible  from  the  same  great  law  by  which  her 
general  motion  is  directed,  viz,  the  law  of  gravitation  and 
attraction.  The  other  secondary  planets  which  atteml 
on  Jupiter,  Saturn,  &c,  are  also  subject  to  the  like  irregu- 
larities with  tbc  moon ; as  they  are  exposed  to  the  same  per- 
tnrbating  or  disturbing  force  of  the  sun ; but  their  di>- 
tance  secures  them  from  being  to  greatly  atlecUd  as  tiiC 
moon  is,  and  also  from  bring  so  well  observed  by  us. 

Fur  afamilar  idea  of  (his  matter,  it  must  first  con- 
sidered, that  if  the  sun  acted  equally  on  the  earth  and 
moon,  and  always  in  parallel  lines,  this  action  would  serve 
only  to  restrain  them  in  thrir  annual  inoliuiis  round  the 
sun,  and  no  way  affect  their  actions  on  each  other,  or  their 
motions  about  their  common  centre  of  gravity.  But  be- 
cause the  moon  is  nearer  the  sun,  in  one  half  of  her  orbit, 
than  the  earth  is,  and  farther  off  in  the  cithev  halfof  hei 
orbit;  and  because  the  power  of  gravity  is  always  k^ss  at 
a greater  distance:  it  follows,  that  in  one  half  of  her 
orbit  (he  moon  is  more  attracted  than  the  earth  towards 
the  sun,  and  less  attracted  than  the  earth  in  ilie  other 
half:  and  hence  uregularities  necessarily  arise  in  the  ino- 
lionsof  the  moon;  tho  excess  of  attraction  in  (he  fir»t 
case,  and  the  defect  in  tbc  second,  becoming  a force  thiit 
disturbs  hiT  motion:  and  besides,  (be  action  of  the  sun,  on. 
(he  eartli  and  muon,  is  not  direcu*d  in  parallel  line»,  but 
in  lines  that  meet  in  the  centre  of  (he  sun  ; which  makes 
tbc  effect  of  the  disturbing  force  still  the  mon.'  complex 
and  embarrassing.  And  hence,  as  well  as  Ironi  the  va- 
rious situations  of  the  moon,  arise  (be  numerous  irregu- 
l.'irities  in  her  motions,  and  the  equations,  or  corrections, 
employed  lu  calculating  her  places,  hcc. 

New  ton,  as  well  as  others,  has  computed  the  quantities 
of  these  irregularities,  from  (heir  cauM's.  He  finds  that  the 
force  added  to  the  gravity  of  the  moon  in  her  quadratures, 
i»  to  the  gravity  with  which  she  would  revolve  in  a circle 
about  the  earth,  at  her  present  mean  distance,  if  the  sun 
liad  no  cfft'Ct  on  her,  as  1 to  he  finds  (bat  the 

force  sulKluct<Hi  from  her  gravity  in  the  conjunctions  and 
oppoaUiutu.,  is  double  of  this  quantity ; and  that  the  area 
described  in  a given  time  in  the  quarters,  is  to  the  an-a 
described  in  the  same  time  in  tbe  conjunctions  and  opfio- 
siiious,  as  10973  to  H07J:  and  he  finds  that,  m such  an 
orbit,  her  distance  from  the  earth  in  her  quarter^,  would 
be  to  her  distance  in  the  conjunctions  anil  oppi^niuns,  .-u 
70  to  09.  On  thewr  irregularities,  sec  .>Iaclauriir»  Ac- 
count of  Newton’s  Discoveries,  book  ♦,  chap,  i;  as  u!su 
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mmt  hooks  of  tMronomy.  Olhcr  particulnrs  rfUlinjj  to 
the  imxin’i  motions.  6cc,  have  b»e*n  stated  as  f(jHo\v  : 'I  he 
pow.-r  (»f  the  mtHm*4.Mifluencc,  «s  to  the  tides  is  to  that 
of  the  sun,  as  4 4SI5  to  I,  accoiding  to  Siirl.  Newton; 
but  ditfercnl  accoriimg  to  others. 

As  lu  the  figure  of  the  moon,  supposing  her  at  first  to 
have  bt-en  a duid^like  the  sea,  Newton  calculiiies,  that 
the  earth's  ftliraciion  would  raise  the  water  there  nearpt) 
leer  high,  as  the  attraction  of  the  in<xm  raises  our  sea  12 
tret : whence  the  figure  of  the  moon  must  be  a spheroid, 
«rho«4'  greatest  diameter  extended,  will  pass  through  the 
renirc  of  the  earth ; and  will  he  longer  than  the  other 
diameter,  perpendicular  to  it,  by  ISO  feet}  and  hence  it 
comes  ^ pass,  that  we  always  see  the  same  face  of 
ihyinoon;  for  she  cannot  pnt  in  any  other  po>ilion, 
but  always  endeavours  to  conform  bersell  lo  this  situation: 
V*fiocip.  lib.  3,  prop.  31.  ^ 

Newron  estimates  the  mean  apparent  diameter  of  the 
sun  at  32^  12''}  as  the  mortn  is  31'  17".  The  density  of 
the  moon  he  concludes  is  to  that  of  the  earth,  as  9 ^ 

nearly;  and  that  the  mass,  or  quantity  of  matter,  in  the 
mfK>n,  is  to  that  of  the  earth,  as  I to  20  nearly.  The 
.plane  of  the  moon’s  orbit  is  inclined  to  that  of  the  ecliptic, 
and  makes  with  it  an  angle  of  about  5 degrees:  but  this 
inclination  varies,  being  greatest  when  she  is  in  the  quarters, 
and  least  when  in  her  syiygies. 

As  to  the  inequality  of  the  moon’s  motion,  she  move* 
swifter,  and,  by  the  radius  drawn  from  her  to  the  earth, 
describes  a greater  area  in  proportion  to  the  time,  also  baa 
an  orbit  less  curved,  and  by  that  means  comes  nearer  to 
the  earth,  in  her  syzygius  or  conjunctions,  than  in  the 
quadratures,  unless  the  motion  of  ber  exceiiiricliy  pre- 
vents it:  which  exccnlriciiy  is  the  greatest  when  the  moon’s 
apogee  falls  in  the  conjunction,  but  least  when  this  falls 
in  the  quadratures:  her  motion  is  also  swifter  in  the  earth's 
aphelion,  than  in  its  perihelion.  The  apogee  also  goes 
forward  swifter  in  the  conjunction,  and  slower  at  the 
quadratures:  but  her  nodes  are  at  rest  in  the  conjunctions, 
and  rrci'de  swiftest  of  all  in  the  quadratures.  The  moon 
also  perpetually  changes  the  figure  of  her  orbit,  or  the 
ipccii*s  of  the  ellipse  she  moves  in. 

'I'herc  arc  also  some  other  inequalities  in  the  motion  of 
this  planet,  which  it  is  very  difficult  to  reduce  to  any 
certain  rule;  as  the  velocities  or  horiry  motions  of  the 
apogee  and  nodes,  and  their  equations,  with  the  differ- 
ence between  the  greatest  eccentricity  in  the  coiijunctioni, 
and  the  least  in  the  quadratures ; ami  that  inequality 
which  is  called  the  variation  of  the  moon.  All  these  in- 
crease and  decrease  annually,  in  a triplicate  ratio  of  the 
apparent  diameter  of  the  sun;  and  this  varintion  is  in- 
creased and  diminished  in  a duplicate  ratio  of  the  time 
b«-twei-n  the  quadratures ; as  is  proved  by  Ncwiuii  in  many 
parts  of  his  Frmcipiu.  lie  also  found  that  the  apogees  in 
the  moon’s  syxygies,  go  forward  in  lesfa’Ctof  the  fixed  stars, 
at  the  rate  of  23'  each  day ; and  ba<  kwardi  in  the  quadra- 
tim*s  l6'|  per  day:  and  thead'oretbe  mean  annual  motions 
he  C5timat«*s  at  40  degrees. 

The  gravity  of  the  muon  towards  the  earth,  is  increased 
by  the  action  of  the  sun,  when  the  moon  is  in  the  quadra- 
tuita,  and  diminished  in  the  sysygien;  and.  from  the  sysy- 
gii-s  to  the  quadrature,  the  gravity  of  the  moon  towards  the 
earth  is  continuaHy  increased,  and  she  is  cotituiually  ri'- 
tardcd*in  her  motion:  but  from  the  quadrature  to  the 
syiygy*;  the  moon’s  motion  is  perpetually  dimiuisbed,  and 
the  moUou  in  he^  orbit  isacc^erated. 


The  moon  is  le^  iHstant  from  the  earth  at  the  syiygies, 
and  more  at  the  quadriiures.  As  radius  is  to  ^ of  the  sine 
of  double  the  moon’s  distance  frum  the  syzygy,  so  is  the 
addition  of  gravity  in  the  quadratures,  to  the'  torce  which 
accelerntrs  or  rt*taids  the  moon  in  her  6rbir.  And  as 
radius  is  to  the  sum  or  difference  of  ^ radius  and  4 the 
Cifsine  of  double  the  di>tance  of  the  moon  from  the 
sys\  ay,  so  is  the  addirion  of  gravity  in  ilie  quadratures,  to 
the  decrea>c  or  increase  of  the  gravity  of  the  muon  at  that 
distance.  * 

The  apses  of  the  moon  go  forward  when  she  is  in  tha 
syzygies,and  backward  in  the  quadratunes.  Uut,in  nwhole 
revuiutkm  of  the  moon,  the  prngrr's  exceeds  the  n^ress. 
In  a whole  ri'voiution,  the  apses  go  furwarti  the  fastest  when 
the  line  of  the  apsc-T*  is  in  the  nodes;  and  in  the  same  case 
they  go  tmek  the  slowest  of  all  in  the  same  revolution. 
WhcMi  the  line  dl  the  afm's  is  in  the  quadratures,  the  apses 
arc  carried  in  consrquemift,  the  least  of  nil  in  the  syzygies; 
but  they  return  the  swiftest  in  the  quadratures;  and  iu  this 
ca.v  the  regress  exceeds  the  progress,  in  uno  entire  revolu- 
tion of  the  moon. 

The  cxcentricity  of  the  orbit  undergoes  various  changes 
every  revolution.  It  is  the  greatest  of  all  when  the  Hnc  of 
the  apses  is  in  the  syaygics,  and  the  least  when  that  line  is 
in  the  quadralurts. — '('oiisidering  one  entire  revolution  of 
the  moon,  cseti-ns  paribus,  the  nodes  move  in  antecedentia 
swiftest  of  all  when  she  is  in  the  syzygiea  ; then  slowcrr 
and  slower,  till  they  arc  at  rest,  when  she  is  in  the  quadra- 
tures.— The  tine  of  nodes  acquires  successively  all  possible 
situations  in  re«i|iect  of  the  sun ; and  every  year  it  goes 
twice  through  the  iiyzygie8,and  twice  through  the  quadra- 
torcs.~In  one  whole  revolution  of  the  moon,  the  nodes  go 
back  very  fast  when  they  are  in  the  quadratures;  then 
slower  till  they  come  to  niit,  when  the  line  of  nodes  is  in 
the  syzygivf. 

The  inclinatlcin  nfthe  plane  of  the  orbit  is  changed  by 
the  same  force  with  which  the  nodes  arc  moved;  being 
increased  as  the  moon  rece<tes  from  the  nude,  and  di- 
minished as  she  approaches  it.  The  inclination  of  the 
orbit  is  the  least  of  all  when  the  nodes  arc  come  to  the 
syzygiis.  For  in  the  rooiiim  of  the  nodes  from  the  syzy- 
git's  to  the  quadratures,  and  in  one  entire  revolution  of  the 
moon,  the  force  which  increases  the  inclination,  exceeds 
that  which  diminishes  il;  therefore  the*  inclination  is  in- 
creas4-d ; and*  it  is  the  greatest  of  all  when  the  nodes  arc  in 
the  quadratures. 

*l1ic  moon’s  motion  being  considered  in  general:  her 
gravity  towards  the  earth  isdiintuished  on  her  coming  near 
the  sun,  and  the  periodical  time  is  the  greatest;  as  also 
the  distance  of  the  moon,  ceteris  paribus,  the  greatest 
when  the  earth  is  in  the  perihelion.  All  the  eri^irs  in 
the  moon's  motion  arc  something  greater  in  the  con- 
junction than  in  the  opposition.  All  the  disturbing 
forces  arc  mverw  ly  as  the  cube  of  the  distance  of  tlie  sun 
from  the  earth  ; which  when  it  remains  the  same,  they  are 
as  the  distance  of  the  moon  fnnii  the  earth.  Cunsidei  ing 
all  the  disturbing  forces  together,  the  diminution  of  gravity 
prevails. 

Th/  Jizvrt  qf  ihe  Moon's />a(A,  about  the  earth,  is,  as  has 
been  said.  Dearly  an  ellipse;  but  her  path,  in  moving,  to- 
gether with  Uic  r wrili  about  the  sun,  is  made  up  of  a series 
or  repetition  of  epicycloids,  and  is  in  every  point  concave 
towards  the  earth.  8cc  Maclauhii’s  Account  of  Newtons 
Discov.  pa.  330,  4to.  Ferguson’s  Astron.  pa,  129,  dec ; 
and  Rowe's  Flux.  pa.  223,  edit.  2. 
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Attronomy  of  the  Moon. 

To  determine  the  Periodical  and  Sj/nodical  Months;  or 
lh«  period  ot  ibo  moons  rcvulutioii  about  tbo  eartb,  and 
tbe  period  between  one  opposition  orcuojmicUun  and  an- 
other. lu  the  middle  of  a lunar  eclipse,  the  moon  is  in 
opposittou  to  the  sun:  compute  ihcrefure  the  lime  be- 
tween two  such  eclipses,  at  some  considerable  distance  of 
time  Irum  each  other;  and  divide  this  by  the  number  of 
lunations  that  have  passed  in  the  meat)  time;  # shall  the 
quotient  be  the  quantity  of  the  synodical  month.  Com- 
pute also  the  sun's  mean  motion  during;  the  time  of  this 
synodical  month,  which  add  to  Then,  as  the  sum  is 

to  d60'^,  so  is  the  synodical  to  the  periodical  mooth. 

For  example,  Copernicus  observed  two  eclipses  of  the 
moon,  the  one  at  Rome  on  November  6,  150U,  at  12  at 
night,  and  the  other  at  Cracow  on  August  1,  1523, at  4h. 
25  roin.  the  difierence  of  meiidians  being  0 b.  2^  min.: 
hence  the  quantity  of  the  synodical  month  is  thus  deter- 
mined : 

2d  Observ.  1523>'  237^  4'*  25* 

1st  Oi»erv.  1500  310  0 29 
Ditfenmcc  22  292  3 56' 

Add  intercalary  days  5 

l.xacc  intenal  22  297  3 56 
which  divided  by  282,  the  number  of  lunations  in  that  time, 
gives  the  synodical  month  29^  12^  41*« 

From  two  other  observations  of  eclipses,  the  one  at 
Cracow,  the  other  at  Babylon,  the  ume  author  deter- 
mines more  Hccuralrly  the  quantity  of  the  synodical 
month  to  be  29^  12^  43"  &c;  and  from  other  observa- 
tions, probably  more  accurate  still,  the  same  is  fixed  at 
2^  12**  44-. 

The  sun's  mean  motion  in  that  time  29^  fi*  24*'  18"*, 
added  to  360*^,  gives  the  moon's  motion  389  6 24  18; 
Therefore  the  periodical  month  is  27**  7^  43-  5*. 

According  to'  the  observations  of  Kepler, 
the  mean  synodical  month  is-  2^  12'*  44*  3*  2*^, 

and  the  mean  periodical  month  27  7 43  8 

Hence,  1st,  the  quantity  of  the  periodical  month  being 
given,  the  moon’s  diurnal  or  borary  motion,  5cc,  may  be 
found : and  thus  may  tablea  of  the  mean  motion  of  the 
moon  be  constructeil. 

2.  If  the  mean  diurnal  motion  of  the  sun  be  subtracted 
from  that  of  the  moon,  the  remainder  will  give  the  moon's 
diurnal  motion  Irum  the  sun:  and  thus  may  a table  of  this 
motion  be  constructed. 

3.  Since  the  moon  is  in  the  node  at  the  time  of  a total 
eclipse,  if  the  sun’s  place  be  found  for  that  time,  and  6 
signs  be  added  to  the  same,  the  sum  will  give  the  place  of 
that  node. 

• 4.  By  comparing  the  ancient  observations  with  the  mo- 
dern, it  appears,  that  the  nodes  have  a motion,  and  that 
they  proceed  in  aniecedentia,  or  backwanis,  from  Taurus 
to  Aries,  from  Arles  to  Pisces,  &c.  Therefore,  if  the 
diurnal  motion  of  the  nodes  bi'  added  to  the  moon's  diur- 
nal motion,  the  sum  will  be  the  motion  of  the  moon 
from  the  node;  and  thence  by  simple  pro|K>rtioD  may  be 
finind  in  what  time  the  moon  goes  360°  from  the  dragon's 
bead,  or  ascending  node,  or  in  what  time  she  goes  Irom, 
and  returps  to  it;  that  is,  the  quantity  of  the  dracoiitic 
month. 

5.  If  the  motion  of  the  apogee  be  subtracted  from  the 
mean  motion  of  the  moon,  the  remainder  will  be  the 
moon's  mean  motion  from  the  apogee;. and  hciice«  by  the 


To  find  the  moon  s age,  Oct.  1 4,  1 8 13. 


Here,  the  epact  is 

9 

Number  of  the  month 

8 

Day  of  the  month 

14  • 

The  sum  is 

31 

Subtract  or  abate 

30 

Leaves  moon’s  age 

1 

Taken  from 

30 

Days  till  the  change 

S9 

Answering  to  Nov.  12 

• 

TojSnd  nearly  the  Moon’s  Southingt  or  coming  to  the 
meridian.  Take  f or  of  her  age,  for  her  southing 
nearly;  afternoon,  if  it  be  less  than  12  hours;  but  if 
greater,  the  excess  is  the  time  after  the  foregoing  mid- 

Oct.  23, 1814. 

The  moon's  age  is  10  days 

of  which  if  s'*  the  sou.  afternoon. 

Mr.  Ferguson,  in  his  Select  Exercises,  pa.  135,  &c,  has 
given  very  easy  tablcii  and  rules  for  Hiiding  the  new  and 
full  moons  near  enough  the  truth  for  any  common  al- 
manac. But  the  Nautical  Almanac,  which  is  now  al- 
ways published  for  several  years  before-hand,  in  a great 
measure  supersedes  the  necessity  of  these  and  other  such 
contrivances.  » 

Of  the  Spots  and  Motauains,  SfCy  in  the  .Moon. 

The  face  of  the  moon  is  greatly  diversified  with  inequa-  . 
lilies,  and  parts  of  different  colours,  some  briglttcr  iind 
some  darker  than  the  other  parts  of  her  disc.  When  viewed 
througli  a telescope,  her  face  is  evidently  diversifn  d with 
hills  and  valU)^  and  the  same  is  also  shown  by  the  i-dgc 
or  border  of  the  inc»on  appearing  jagged,  when  so  viewni, 
especially  aboot  the  confines  of  the  illumuiated  part  when 
the  moon  is  cither  horned  or  gibbous. 

The  astronomers,  Florcnti,  l.angrcni,  Hevclius,  Gri- 
maldi, Hicctoli,  Cassim,  and  Dclohire,  &c,  have  drawn 
the  face  of  the  moon  as  viewed  through  telescopes;  nuting 
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rule  of  three,  the  quantity  of  the  anomalutic  month  is 
dt'tern:ined.  • 

Thus,  according  to  Kepler’s  observations. 

The  mean  synodical  month  is 
1'he  pem^ical  mooth 
Hie  place  of  the  apogee  for  the') 
yejr  1700  Jan.  I,  olc^  style,  wasj 
1 he  place  of  the  ascending  nude 
Mean  diurnal  motion  of  the  moon 
lliurtial  motion  of  the  apogee 
Diurnal  motion  of  the  nudes 
Thercf.  diurnal  mot.  from  the  latter 
And  the  diurnal  motion  from  ihe'l 
apigee  . • - y 

Lastly,  the  < xccptricity  is  4362,  of  such  parts  as  the  semi- 
diamq|cr  of  the  cxcentric  is  100,000. 
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31 

27 

7 

43 

B 

11' 

8° 

57' 

1" 

4 

27 

S9 

17 

- 

13 

10 

35 

6 

41 

- 

3 

11 

- 

13 

13 

46 

- 

13 

3 

54 

To  fnd  nearly  the  Moon’s  Age  or  C%oage. 

To  the  epact  add  the  mimber  and  day  of  the  month  ; 
their  sum,  abating  30  if  it  be  above  that  number,  is  the 
moon’s  age;  and  ber  age  taken  from  30,  shows  the  day  of 
the  change.— The  numbers  of  the  months,  or  monthly^ 
epacts,  arc  the  moon’s  age  at  the  beginning  of  each  month, 
when  the  solar  aiul  lunar  years  begin  together;  and  art;  • 
thus : 

0212345688  10  10 

Jao.  Feb.  Mir.  Ap.  Ms.  Jsn.  Jul.  A»g.  Sep.  Oct.  Nov.  l)er. 
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all  *the  more  shining  jMrts,  and,  for  thr  belter  rfrstinrtion, 
marking  them  wiih  w*me  proper  nurne;  some  of  Iho-w 
authors  calling  them  alier  the  name's  of  phiiosrsphers,  as- 
trunoiners,  ami  other  eminent  men ; while  others  denomi- 
nute them  from  thr  known  nume«  of  thediAVrent  (Countries, 
isUndit  and  seas  on  the  earth.  I he  nami'ts  adoptiil  by 
Kiccioii  however  are  mostly  followed,  as  the  names  of 
Hipparchus,  Tycho, Copernicus, eVc.  Kig.4,  plate  I9,  is  a 
rather  exact  representation  of  the  full  moon  in  her  mean  li- 
bration,  with  the  numbers  to  the  principal  sp4»ts  according 
to  Iticrioli,  Cassini,  Mayor,  &c,  which  denote  the  names 
as  in  the  following  list  of  them : also  the  asterisk  refers  to 
orve  of  the  volcanoes  observc'd  by  Herscbel. 


HerscheKs  Volcano 

1 GrimoiiU 

2 Galileo 

3 Aristarchus 

4 Kepler 

5 Gassendi 

6 ISchikard 

7 Harpalus 

8 Hemclides 
• 9 Liinsbei^ 

!0  Rcinhold 

1 1 Copernicua 

12  Helicon 

13  Cupuanus 

14  nulliald 

15  Eralo‘ihenes 

16  Tiinocbafis 

17  Plato 

18  Architnedw 

19  Insula  isinus  Mcdii 

20  Pilatus 
2!  Tycho 

22  Eudoxus^ 

23  Aristotle 

24  Manilius 


26  Hermes 

27  Possidunius 

28  Iliunysius  ^ 

29  Pliny 

- f Caiharina  Cvrillus, 
Thci>philus 
31  Fmcastor 

( Promontorium  auctum, 
*■  I Censorinus 

33  Messaia 

34  Promontorium  Somnit 

35  Proclus 

36  Cleumcdes 

37  Snell  and  Furner 

38  PeiMvius 

39  Lungrenus 

40  Taruntius 

A Mare  Humorum 
B Mare  Nubium 
C Mure  imbrium 
D Mare  Ncciaris 
£ Mare  Trantfuillitatis 
r Mure  Sen-nitatis 
o Mure  Fo-cumliuiis 
H MateCrisium 


25  Menelaus 

I'hat  the  spots  in  the  moon,  which  arc  taken  for  moun- 
tains and  valleys,  arc  really  such,  is  evident  from  their 
*fhaUous.  ' For  in  all  situations  of  the  moon,  the  eleyaled 
parts  are  constantly  fouml  to  cast  a triangular  shadow  in 
u direction  from  the  sun ; uiid,  on  the  contrary,  the  cavi- 
ties are  ulways  dark  on  the  side  next  the  sun,  and  illumi- 
mted  on  the  opposite  one;  which  is  exactly  conformable 
to  what  wc  observe  of  hills  and  valleys  on  the  earth.  And 
as  the  lops  of  these  mountains  arc  considerably  elevated 
•bove  the  other  parts  of  the  surface,  they  are  often  illu- 
minated w hen  they  are  at  a considerable  distance  from  the 
confines  of  thecmightciti*d  hemisphere,  and  by  this  means 
afford  us  a method  of  determining  their  heights. 

Thus,  let  KD  be  the  moon's  dia-  • 

meter,  ecd  the  boundary  of  light 
and  darkness and  a the  top  of  a 
hill  in  the  dark  part  beginning  to  \ 

be  illiimiimled  ; with  a telescope  V 

take  the  pro|Mjrlion  of  aE  to  the  U;  ^ 

diameter  ED  ; then  there  »te  given  / 

thc'lwo  sides  ae,  ec  of  a right-  V' 

angled  triangle  ace,  thesquaresof 
which  Ixnng  added  together  give 
the  sipiarc  of  the  third  side  ac,  and  the  root  extracted  is 
that  side  itself;  from  which  subtracting  the  radius  bc. 


leaves  ab  tbc-hetgb4  of  the  mountain.  In  this  way,  Ric- 
cloii  observeil  the  of  the  hill  called  St.  Catbarim-,  pn 
tbc  4fh  day  after  the  new  moon,  to  bc  illuminated  when  it 
wns  distant  from  the  confines  of  the  enlightened  hemi- 
spberc  about  one  l6th  part  of  tbc  moon’s  Jiaiueter;  and 
tlumce  found  its  height  must  be  near  9 tnilcs.  - 

It  is  probable  however  that  this  determination  is  too 
much.  Indeed,  Galileo  makt*s  ab  to  be  only  one  20lh  of 
ED,  and  lieveiius  makes  it  only  one  26th  of  ed  ; the  foriocr 
of  these  wfiuld  give5l  miles,  and  the  latter  only  miles, 
for  A B,  theheightof  the  mountain:  and  probably  itshuuld 
bc  still  less  than  either  of  these. 

Accordingly,  they  are  greatly  reduced  by  the  observa- 
tions of  Hersche),  whoec  method  of  measuring  them  was 
given  in  the  Fhilos.  Trans,  an.  1780,  pa.  507,  or  my 
Abridg.  V.  14,  pa.  717;  and  which  is  as  follows.  This 
inetluHi  is  for  any  lima  whuievcrof  tbemoon’sage;  whereas 
the  method  used  by  Hevelius,  as  above  explained,  wU! serve 
for  the  time  of  the  quadrature  only  ; in  all  other  positions 
the  projection  of  the  hills  must  appt'ar  much  shorter  than 
it  really  is.  Let  slm,  or  s/m,  be  a liue  drawn  from  the 
sun  to  the  mountain,  touching 
the  moon  at  l or/,  and  the  nioun- 
tain  at  M orm.  Then,  loan  ob-  y \l 

server  at  s or  e,  the  lines  Lu,  / \ f 

fin,  will  nut  appear  of  the  same  f y — SL — .g  |y 

length,  though  the  mountains-  \ y 

should  be  of  an  equal  height;  V 
fur  LM  will  be  projected  into 

on,  and  /m  into  OB.  But  these  J 

are  the  quantities  that  are  taken  , 

by  the  roicrcuneter,  when  we  ob-  * 

serve  a mountain  to  project  from  the  line  of  ilhiroination. 
From  the  observed  quantity  on,  when  the  moon  is  not  in 
her  quadrature,  to  find  lm,  we  have  the  following  analo- 
gy : the  triangles  loo,  LMr,  arc  similar ; therefore 
Lo  : Lo  : : Lr  : LM;  but  lo  is  tbc  radius  of  the  moon,  and 
Ir,  or  on,  is  the  observed  distance  of  the  mountain's  pro- 
jection ; and  to  is  the  sine  of  the  angle  auL  = ols,  which 
wc  may  lake  to  be  the  tiistancc  of  the  sun  from  t)ic  moon, 
without  any  material  error,  and  which  therefore  we  may 
find  at  any  given  time  from  an  ephemcris. 

In  this  raunner  Dr.  H.  measured  the  height  of  many  of 
the  lunar  prominences,  and  draws  at  last  the  foltowmg 
conclusions: — From  these  observations  I believe  it  is 
evident,  that  tbc  height  of  the  lunar  mountains  in  general 
is  greatly  over-rated ; and  that,  when  wc  have  excepted  k, 
h-w,  the  generality  do  not  exceed  half  a mile  in  their  per- 
pendicular elevation.'’  And  this  is  confirmed  by  the 
racasuremeiu  nfscvv^ral  mountains,  as  may  be  seen  in  the 
place  above  quoted. 

As  the  moon  has  on  her  surface  mountains  and  valleys 
in  common  with  the  earth,  some  modern  astronomers  have 
discovered  a still  greater  siroiianty,  vi/,  that  some  of  these 
are  really  volcanix's,  emitting  fire,  as  those  on  the  earth 
do.  An  appearance  of  this  kind  was  discovered  some  few 
years  ago  by  Hon  L'llua  in  an  eclipse  of  itie  sun.  It  was  a 
small  bright  s|>ot  like  a star  near  the  margin  of  the  moon, 
and  which  he  at  that  time  supposed  lo  be  a hole  or  Hal- 
ley with  the  sun’s  light  shining  through  it.  Succeeding 
observations,  however,  have  induced  astronomers  to  attri- 
bute appearances  of  this  kind  to  the  eruption  of  volcanic 
fire ; and  Dr.  Hcrschid  has  particularly  observed  several 
eruptions  of  the  lunar  volcanutw,  the  last  of  which  he  gives 
an  account  of  in  the  Fhilos.  Traru.  for  1787,  April  19, 
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JOh.  6m,  tidprcftl  time,  “ I porcoircd,”  say*  he,  “three 
volcanoes  in  diftiTent  places  of  the  dark  part  of  the  new 
moon.  Two  of  them  are  cither  alniidy  nearly  extinct,  or 
olherwisc  In  a stale  of  going  to  break  out ; which  perliiips 
may  be  ck-dded  next  lunation.  The  third  shuw^  an  actual 
eruption  of  fire  or  luminous  mutter:  its  light  is  much 
brighter  than  the  nucleus  of  the  comet  which  M Mechuin 
discovered  at  Paris  the  lOth  of  this  month."  The  follow- 
ing night  he  found  it  burnt  with  greater  violence ; uml  by 
measurement  he  found  that  the  shining  or  burning  matter 
must  be  more  than  i miU’S  in  iliamcler  ; being  of  an  irre- 
gular round  figure,  and  very  sharply  defined  on  ibo  edges. 
The  othertwo  Volcanoes  reM;mLlcd  large  faint  ncbulie,  that 
are  gradually  much  brighter  in  ibu  middle;  but  no  well- 
dehiied  luminous  spot  was  discovered  in  them.  He  adds, 
“ the  appearance  uf  what  I have  called  the  actual  tire,  or 
erupliot}  ufa  volcano,  exactly  ri*sembled  a small  piece  of 
burning  charcoal  when  it  is  covered  by  a very  thin  coat  uf 
while  ashes,  which  frequently  udbere  to  it  when  it  has  been 
some  time  igniivni ; and  it  bad  a degree  of  brightn«'SsalK>ut 
as  strong  as  that  witb  which  a coal  would  be  seen  to  glow 
in  faint  day-light. 

In  a letter  by  M.  laiiande,  it  is  said  that,  the  13th  inst. 
from  7 to  9 in  the  evening,  Dorn.  Nourt,oric  uf  the  astro- 
nomers uf  the  lloyul  Ob>ervatory,  perceived,  in  the  un- 
enlightened part  oilhe  moon,  what  Ur.  lleischel  has  calk'd 
a volcano,  like  a star  of  the  si.xib  magnitude,  or  one  of  the 
cloudy  ones,  the  biigbtmss  of  which  increased  from  time 
to  time,  us  if  by  fkiviiev.  Other  astrunomers  have  per- 
ceived It,  and  .M.  de  V'ilicneuve  had  seen  it  before,  on  the 
22d  of  May,  1787-  Wi  cannot  therefore  doubt  uf  the 
existence  of  tins  volcano  in  the  moon.  Dr.  Ilcrschel  saw 
it  the  4ti)  of  May,  1/83,  and  pariicblarly  the  l^tb  of 
April,  1787.  In  the  eclipse  of  the  24th  of  June,  17/8, 
M.  d’Ulhai,  a welUknown  Spanish  astronomer,  had  seen 
on  the  dark  disc  of  the  moon,  a bright  point ; and  in  the 
total  eclipse  of  1715,  certain  curious  observers  had  per- 
ceived some  flashes  of  light.  There  is  no  sensible  atmo- 
sphere in  the  moon,  it  is  true,  and  chemists  may  dispute 
about  the  name  of  volcanoes  being  given  to  such  apparent 
eruption ; but  the  name  after  all  is  of  no  consequence,  and 
we  must  certainly  subscribe  to  Dr.  HerKlu*rs  opinion. 
This  volcano  Uhiluated  in  the  north-cast  part  of  the  moon» 
about  three  minutes  from  the  muon's  border,  towards  the 
spot  called  Heiicun,  marked  No.  12  in  the  figure  of  the 
moon  in  l.alande's  astronomy.  On  the  next  day,  March 
the  14th,  Jupiter  had  been  eclipsed  by  the  moon.  This 
rare  and  curious  phenomena  has  been  observed  by  ail 
astronomers. 

It  has  been  disputed  whether  the  moon  has  any  atmo- 
sphere. The  following  arguments  have  been  urged  by 
those  ijrho  deny  it.  J.  The  muon,  say  they,  constantly 
appears  with  the  same  brightness  when  uur  atmosphere  is 
clear;  which  could  not  be  the  case  if  she  were  surrounded 
with  an  atmosphere  like  ours,  so  vanable  in  its  density,  and 
so  often  obscured  by  clouds  and  vapours.  2.  In  an  ap- 
pulse  of  the  moon  to  a star,  when  she  comes  so  near  it  that 
a paft  of  her  atmosphere  comes  between  our  eye  and  the 
star,  refraction  would  cause  the  latter  to  srero  to  change 
its  pluce,  sothat  the  moon  would  appear  to  touch  it  later 
than  by  her  own  motion  she  would  do.  3.  Some  philoso- 
phers are  of  opimon,  that  because  there  arc  no  sens  or 
hikes  in  the  moon,  there  is  therefore  no  atmosphere,  as 
there  is  no  water  to  be  raised  up  jn  vapours. 

But  all  these  arguments  have  been  answered  by  other 


astronomers  in  the  following  muucr.  It  is  denied  that 
the  moon  appinirs  always  with  the  same  brighiiw?.s,  even 
when  our  atmosphere  ajqiears  equally  clear.  Hevelius  re- 
lates, that  he  has  Hwtral  times  found  in  skits  perfectly 
clear,  when  even  stars  of  the  <»th  and  7ih  maghitodc  were 
visible,  ihql  ai  the  same  altitude  of  the  muoij  with  the 
same  elongation  from  the  sun, and  with  the  same  telescope, 
the  moon  and  her  tnacular  do  not  appear  equally  lucid, 
cle.ir,  and  conspicuous  at  all  times;  but  are  much  brighter 
and  more  distinct  at  some  tunes  than  at  others.  And 
hence  it  is  inferre^d  that  the  cause  of  this  phenomenon  is 
neither  in  our  air,  in  the  tube, -in  the  muon,  nor  in  tho 
spectator's  eye  ; but  must  be  looked  for  in  something  ex- 
isting about  the  moon.  An  additional  argument  is  drawn 
from  the  difiercnl  appearances  of  the  moon  in  total  eclipses, 
which  it  is  supposed  arrowing  to  the  different  constitutions 
of  the  lunar  atmosphere. 

To  the  2d  argument  Dr.  Ix>ng  replies,  that  Newton  has 
shown  (Frincip.  prop.  37,  cor.  3),  that  the  wilght  of  any 
body  upon  the  morm  is  but  a third  pari  of  what  the  weight 
of  the  same  would  be^pon  the  earth  ; now  the  expansion 
orthc  air  is  reciproermy  as  the  weight  that  compreMcs  it ; 
therefore  the  air  surrounding  the  muon,  being  pressed  to- 
gether by  a weight  of  one-third,  or  being  attracted  towards 
the  centre  of  ihe  moon  by  a force  equal  only  to  one-third 
of  that  which  attracts  our  air  towards  the  centre  of  the 
earth,  it  thence  follows,  that  the  lunar  atmosphere  is  only 
one-third  us  dense  as  that  of  the  earth,  which  is  too  little 
to  produce  any  sensible  refraction  of  the  stars  light. 
Other  astronomers  have  contend^il,  that  such  refraction 
was  sometimes  very  apparent.  M.  Cassini  says,  he  oftea 
observed  that  Saturn,  Jupiter,  and  the  fixed  stars,  had 
their  circular  figures  changed  into  an  ellipiical  one,  when 
they  approached  either  to  the  moon's  dark  or  illuminated 
limb,  though  they  own  that,  in  other  occultations,  no  such 
change  could  be  observed.  And,  with  regard  to  the  fixed 
stars,  it  lias  been  urged  that,  granting  the  muon  to  have  an 
atmosphere  of  the  same  nature  and  quantity  as  ours,  no 
such  eftl'Ct  as  a gilidual  diminution  of  light  ought  to  taka 
place  ; at  least  none  that  we  could  be  capable  of  perceiv- 
ing. At  the  height  of  44  miles,  our  atmosphere  is  so  ntru 
as  to  be  incapable  of  refracting  the  rays  uf  light : this 
height  is  the  1 80th  part  of  the  earth's  diameter ; but  since 
clouds  are  never  obsened  higher  tlian  4 miles,  it  appears 
that  the  vapourous  or  obscure  pari  is  only  the  iu80th 
part.  The  mean  apparent  diumetcr  of  the  moon  is 
2jy',or  1889":  therefore  the  obscure  parts  of  hcratmo- 
spherc,  when  viewed  from  the  earth,  most  subtend  an  angle 
of  less  tliari  one  second  ; which  space  is  pussrd  over  by  the 
moon  in  less  than  two  seconds  of  lime.  , It  can  therefore 
hardly  be  expected  that  obH'rvatiun  siiould  genemliy  de- 
termine whether  the  supposed  obscumiioii  lakes  place  or 
not. 

As  to  the  3d  argument,  it  concludes  nnlhiiig,  because  it 
is  itol  known  that  there  is  no  water  in  lii«  nuKin;  nor, 
though  this  could  be  proved,  would  it  follow  ibet  the  lunar 
atmosphere  answers  no  other  purpose  than  the  raiMiig  of 
w ater  into  vapour.  There  is  however  h string  argument 
in  favour  of  the  existence  of  a lunar  atmosphere,  taken 
from  the  appearance  of  a luminous  circle  round  the  m«»(»n 
in  the  time  of  total  solar  eclipses;  a cirrunistance  that 
has  been  observed  by  many  aslronomcr?';  e>prcially  in  the 
total  eclipse  of  the  sun  which  bappcneil  May  I,  I70f>. 

These  are  the  arguments  that  have  been  advanced  for 
and  against  tho  hypothesis  of  tbo  existence  of  a lunar  at- 
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mosphcre ; but  tbi«  question  leecns  to  be  at  last  acttled, 
by  the  accurate  and  lon^  continued  obtKTvatiofu  of  b. 
Piazzi.  a celebrated  ailronomcr»  who  has  proved,  as  sa* 
tisfactonly  as  the  nature,  of  the  subject  seems  to  allow, 
that  the  has  really  an  atraospberc,  though  much 

dense  ^an  our^  and  theheighl  of  it  scarcely  cacevding 
iumo  of  the  itighest  of  the  lunar  mountain'*. 

Of  the  Harvest  MooK.  It  is  rrmurlj,abl«  that  the  moon, 
during  the  week  in  which  she  is  at  the  full  about  the  time 
of  hars'cst.  rises  souiut  after  sun-settiiig,  than  she  does  iu 
any  other  full'inoon  week  in  the  year.  By  this  means  she 
aHords  an  immediate  supply  of  light  after  sumset,  which 
is  very  bcnchcial  fur  lite  harvest  and  gathering  in  the 
froils  of  the  earth : and  hence  this  full  moon  is  distin* 
guished  from  all  the  others  in  the  year,  by  calling  It  the 
iiarvesi'nioon. 

To  conceive  the  reason  of  this  phenomnia,  it  may  first 
be  considered,  that  the  moon  is  always  opposite  to  the  sun 
when  she  is  full;  that  she  is  at  the  full  in  the  signs  Pisces 
ami  Aries  in  our  harvest  months,  those  beiag  the  signs  op- 
posite to  Virgo  and  Libra,  the  occupied  by  the  sun 
about  the  same  season  ; and  became  tbme  parts  of  the 
ecliptic  rise  In  a shorter  space  of  time  than  others,  as  may 
easily  he  shown  and  illustrated  by  the  celestial  globe : con- 
tcquenlly,  when  the  moon  is  about  her  full  in  harvest,  she 
rises  with  loss  difl'erence  oftime,  or  more  immediately  after 
son-set,  than  when  she  is  full  at  other  seasons  of  the 
year. 

In  our  wintrrVvtbo  moon  is  in  Pisces  and  Aries  about 
the  time  of  her  first  quarter,  when  she  rises  about  noon  ; 
but  her  rising  is  nut  then  noticed,  because  the  sun  is  above 
the  horizon. — In  spring,  the  luoon  is  in  Pisces  and  Aries 
about  the  time  of  her  change  ; at  which  time,  as  she  gives 
no  light,  and  rises  with  the  sun,  her  rising  cannot  be  per- 
ceived.— in  summer,  the  moon  is  in  Pisct*s  and  Aries  about 
tlie  time  of  her  last  quarter ; and  then,  as  she  is  on  the 
decrease,  and  rises  not  till  midnight,  her  rising  usually 
passes  unobserved.'— But  in  autumn,  the  moon  is  in  Pisces 
and  Aries  at  the  time  of  her  full,  and  rise's  soon  after  sun- 
set for  several  evenings  successively  ; which  makes  her  re- 
gular rising  very  con>picuous  at  (hat  lime  of  the  year. 

And  this  would  always  be  the  case,  if  the  moon's  orbit 
lay  in  the  plane  of  the  ecliptic.  But  us  her  orbit  makes 
an  angle  of  5°  18'  with  the  ecliptic,  and  crosses  it  only  in 
the  two  i>ppoaitc  points  called  the  nodes,  her  rising  when 
in  Pisces  and  Aril's  will  somtiimes  not  dilfer  above  1 h. 
and  40  min.  through  the  whole  of  7 days;  and  at  other 
time's,  in  the  same  two  signs  she  will  difJer  3 hours  and  a 
half  in  the  time  of  licr  rising  in  a week,  according  to  the 
didcrent  positionaof  the  nodes  with  respect  to  these  signs  ; 
which  positions  arc  constantly  changing,  because  the  nodes 
go  backward  through  the  whole  bclipiic  in  IS  years  and 
225  days. 

This  revolution  of  the  nodes  will  cause  the  harvest  moons 
to  go  through  a whole  course  of  the  most  nnd  least  benefi- 
cial .■nates,  with  respect  to  the  harvi-st,  every  19  years. 
The  following  tahic  shows  in  what  years  the  harvest  moons 
are  least  beneficial  as  to  thi^  linn’s  of  their  rising,  and  in 
what  years  they  are  most  beneficial,  from  the  yt'ar.  179^ 
to  18ol  ; the  column  of  years  under  the  letter  are  those 
in  which  the  harvest-moons  are  U'ust  beneficial,  because 
they  full  about  the  descending  node  ; and  thoK'  under  the 
letter  M are  the  most  beneficial,  because  they  fall  about 
the  ascundmg  node. 
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As  to  the  Infiuotct  qf  the  Moon,  on  the  changes  of  the 
weather,  and  the  constituiiutf  of  the  human  body,  it  may 
be  observed,  that  the  vulgar  doctrine  concerning  it  is  very 
ancient,  and  has  also  gained  much  credit  among  the 
leametl,  though  perhaps  without  sufficient  c\aminatuin. 
The  common  opinion  u,  that  the  lunar  influence  is  chit-Hy 
exerted  about  the  time  of  the  full  and  change,  but  more 
especially  the  latter;  and  it  would  seem  that  long  expe- 
rience has  in  some  degree  established  the  fact:  hence,  • 
pen>ons  observed  at  those  limes  to  be  a little  deranged  in 
their  intellects,  arc  called  lunatics;  and  beiicc  many 
persons  anxiously  look  for  the  new  moon  to  bring  a change 
in  the  weather.  The  moon’s  influence  on  the  sea,  in  pro- 
ducing tides,  being  agitcd  upon  on  all  hands,  it  is  argued 
that  she  must  also  produce  similar  changes  in  the  atmo- 
sphere, but  in  a much  higher  degree ; which  changes  and 
commotions  there,  must,  it  is  inferred,  have  a considerablo 
influence  on  the  weather,  and  ou  the  human  body. 

Besides  the  observations  of  the  ancients,  which  tend  to 
establish  this  doctrine,  several  among  the  modern  philos<^ 
phers  have  defended  the  same  opinion,  and  that  upon  the 
strength  of  experience  and  obi^^rvation ; while  others  as 
strenuously  deny  the  fact.  I'he  celebrated  Dr.  Mead  was 
a believer  in  (be  influence  of  the  sun  and  moon  on  the 
human  body,  and  published  a book  on  this  subject,  in- 
titled,  De  Impcrio  Solis  ac  Luna)  in  Corpora  Humano. 
The  existence  of  such  influence  was  however  opposed  by 
bishop  Horsley,  in  a learned  paper  on  this  subject,  in  (he 
Philos.  Trans,  for  the  year  17/5  ; where  he  gives  a speci- 
men of  arranging  tables  of  mLU*orological  obxrvations,  so 
as  to  deduce  from  them  facts,  that  may  either  confirm  or 
refute  this  popular  opinion;  recommending  it  to  the 
learnvil,  to  collect  a large  series  of  such  ubservabons,  as  no 
conclusions  can  Ih'  drawn  from  one  or  two  only.  (.)n  the 
otifer  hand  profeasor  *roaldo,  and  some  French  philoso- 
phers, take  the  opposite  side  of  the  question;  and,  from 
the  authority  of  a long  series  of  observations,  pronounce 
decidi'dly  in  favour  of  the  Lunar  Influence. 

Accelcrniion  qf  the  JSIooN.  Sec  Accelebatiok. 

Moon-Dio/.  Sec  Dial. 

Horizontal  Moon.  See  Apparent  Maonitude. 

MUOHL  (Sir  Jus  as),  a very'  ri*9pcctab]e  matheniutician, 
and  surveyor-general  of  the  ordnance,  was  born  at  Wliitbee 
in  I.a^ca^hirp,  about  the  year  lt)20.  After  enjoying  the 
advantages  of  good  school  education,  be  Umi  his  studies 
principally  to  the  nuithematics,  to  which  he  hud  always  a 
strong  inclination.  In  the  expeditions  of  King  Charles 
the  1st  into  the  northern  parts  of  England,  our  author  was 
introduced  to  him,  as  a person  studious  and  learned  in 
those  sciences ; when  the  king  exprrs-sed  much  approba- 
tion of  him,  and  prumisid  birn  encouragement;  which  in- 
deed laid  the  foundation  of  his  fortune.  He  was  after-, 
wards  appointed  mathematical  master  to  the  king's  second 
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«9Ti  James,  ta  instruct  him  in  arithmetic,  geography,  the 
use  of  the  globes,  &c.  During  Cromweii's  government  it 
seems  be  fallowed  the  profession  of  a pultlic  teacher  of 
tnathemalics ; fur  1 find  him  styled,  in  the  title-page  of 
Sfjme  of  his  publications,  **  professor  of  (he  mathematics.*' 
After  the  return  of  Charles  the  2d,  he  found  gre^t  lavour 
and  promotion,  becoming  at  length  surveyor-gem  ml  of 
the  king's  ordnanc6.  He  was  also  a great  luvouritc  both 
with  the  king  and  ibe  duke  of  York,  who  often  cont>uUcd 
him,  and  were  advised  by  him  on  many  occasions.  And 
it  must  be  owned  that  he  often  employed  bis  interest  with 
the  court  to  the  advancement  *of  learning  and  the  encou- 
ragement of  merit.  Thus,  it  was  through  his  interest  that 
Flamsteed-bouse  was  built  in  l67^*  as  a public  observa- 
tory, recommending  Mr.  Flamsteed  to  be  the  king's  astro- 
Domer,  to  make  the  observations  there:  and  being  sur- 
veyor<^enerai  of  the  ordnance  himself,  be  made  the  salary 
of  Ibe  astronomer-royal  payable  out  of  the  oflice  of  ord- 
nance, as  it  still  continues.  Being  also  a governor  of 
Christ’s-hospital,  be  prevailed  on  the  king  to  found  the 
mathematical  school  ihcte,  allowing  a handsome  salary 
for  a master  to  instruct  a certain  number  of  the  boys  in 
mathemaiics  and  navigation,  to  quality  them  for  the  sea- 
service.  Here  he  soon  found  an  uppurtuiiily  of  e.xerting 
his  abilities  in  a manner  somewhat  answerable  to  his 
wishes,  namely,  that  of  serving  the  rising  generation.  And 
Considering  with  himself  the  benefit  the  nation  might  re- 
ceive from  a mathematical  school,  if  rightly  conducted, 
be  made  it  his  utmost  care  to  promote  the  improvement 
of  it.  But  though  the  school  was  establishi*d,  there 
still  wanted  a nierbodical  institution  from  which  tbc  youths 
might  receive  such  necessary  helps  as  their  studies  re- 
quire«i : a laborious  work,  from  which  his  other  great 
and  assiduous  employments  might  very  well  hav’cexemplerl 
him,  had  'not  a predominant  regard  to  a more  general 
usefulness  engaged  him  to  devote  all  the  leisure  hours 
of  his  declining  years  to  tbo  improvement  of  so  useful  and 
important  a seminary  of  learning. 

Having  thus  engaged  himself  in  the  prosecution  of  this 
general  design,  be  next  sketched  out  the  plan  of  a course 
or  system  of  nmtbematics  tor  the  use  of  the  school,  and 
then  drew  up  asd  published  several  parts  of  it  himself, 
when  death  put  an  end  to  his  labiiurs,  before  the  work 
was  completed,  about  the  middle  of  1081,  the  year  in 
which  the  work  was  publislied  by  his  sons-in-law,  Mr. 
Hanway  and  Mr.  Potingrr.  Of  this  work,  the  Arithme- 
tic, Practical  Geometry , Trigonometry,  and  Cosmography, 
.were  written  by  Sir  Jonas  himself,  and  printed  before  bis 
death.  The  Algebra,  Navigation,  and  the  books  of  Eu- 
clid were  supplied  by  Mr.  Perkins,  at  that  time  master  of 
the  mathematical  school.  And  the  Avtninomy,or  Doctrine 
of  the  Sphere,  was  written  by  Mr.  Flamsteed,  the  astrono- 
mer^royal. 

Further,  as  he  was  the  king’s  constant  counsellof  in  ail 
mallerMf  science,  it  was  doubtless  by  his  advice  that  the 
Royal  Society  alio  was  founded  in  the  year  ifibV. 

'Fhe  list  of  Sir  Jonas's  works,  as  far  as  1 have  seen  them, 
is  as  follows : 

1.  Tbc  New  System  of  Mathematics;  above  mentioned, 
4n  2 vols  4to,  1681. 

2.  Arilbmeiic  in  two  books,  vis,  Vulgar  Arithmolic 
and  Algebra.  To  which  are  added  two  Treatises,  the 
one,  A new  Contemplation  Geometrical,  upon  the  Oval 
Figure  called  the  Ellipsis;  the  other.  The  two- first  books 
0f  Mydorgius,  his  Conical  Scctiona  analized  &c.  8vo,  I6‘6b. 
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3.  A Mathematical  Compendiiim ; or  Useful  Practices 
in  .Arithmetic,  Geometry,  and  Astronomy,  Gt-<jgraphy 
and  Navigation,  6cc,  &c.  l2mo,  4th  edition  in  1705.  • 

4.  M«i<Jeni  Foritfication,  See,  167J,  in  8vo.  • 

5.  A (nncral  Tnatiscuf  .Artiilc  ry ; or.  Great  Ordnance. 
Written  in  Iiahan  by  Tomaso  Moretii  of  Breccia.  Trans- 
lated into  English,  with  notes  thereupon,  and  some  addi- 
tions out  of  French  fur  Sea-Gunners.  By  Sir  Jonoi. 
Moore,  Kt.  8vn,  lb83. 

MOHF.L.AND  or  MORLAND  (Siu  Samuel),  nn 
ingenious  mechanist  and  philosopher.  He  was  master  of 
mechtmics  to  king  Charles  the  2d,  and  he  invented  several 
UM'ful  machines;  as,  the  s]>eaking-trumpit,  a lire-engine, 
and  a rapMan  for  heaving  up  anchors.  \c.  He  published 
also  a res}HCtal>ie  book  on  Anthmelic,  in  1674.  'Iliree 
papers  of  his  are  inserted  in  the  Philos.  'Frahs. ; one  on  the 
speaking-trumpet  above-nientn  tied  ; another  on  a scheme 
for  raising  water;  and  a third  on  a successful  operation 
for  the  hy  drops  pectoris. 

This  author  was  the  son  of  another  Sir  Samuel  Mpriand, 
a great  statesman,  anii  under-st^cretary  to  the  mmisler 
Thurlow.  He  was  employed  by  Cromwell  in  several  em- 
bassies, and  bad  received  the  title  of  baronet  tor  servictm 
rendered  to  King  Charlcii  the  1st. 

Ill  1675,  Sir  S.  got  a patent  for  a certain  powerful 
engine  to  raise  water,  which  prt>ject  was,  in  the  preceding 
yeai,  announced  in  the  Philos.  Trans,  of  the  Rt>yal  Socicly. 
'Ihis  machine,  by  the  strength  of  8 men,  would  force  wa- 
ter, in  a continual  stream,  from  the  river  'I  hames,  to  the  * 
lop  of  Windsor  Castle,  and  60  feet  iiightr,  at  the  rale  of 
jbO  barrrU  an  hour;  which  e.\perimeiit  was  repeated  seve- 
ral limes,  in  the  year  16'81,  l^ore  the  king,  queen,  and 
court;  when  bis  majesty  presented  to  Sir  S,  a medal, 
wfith  his  effigy  set  round  with  diamonds,  and  consiiluled 
him  his  master  of  mechanics,  6ec.  So  that  it  seems 
it  has  not  always  been  the  practice  to  present  to  ihU  office, 
without  Some  view  to  public  utility.— To  Sir  S.  also  it 
appears,  is  due  the  first  account  of  iho  steam-engine;  on 
which  subject,  be  wrote  a book,  in  which  he  not  only 
showed  the  practicability  of  the  plan,  but  went  so  faros  to 
calculate  the  power  of  dificront  cylinders.  'I'his  book  is 
now  extant  in  manuscript,  in  the  llnrlebn  cullcctkm 
of  MSS.  in  the  British  Museum,  doscrilH'd  in  the  im- 
proved Harieian  cumlogue,  vol.  iii.  No.  .5771,  and  it  is 
also  pointed  out  in  the  preface  to  that  volume,  seel.  32. 
The  author  dates  hit  invention  in  1682;  coii-w  quently  17 
years  prior  to  Savory's  patent.  It  was  preventinl  to  the 
French  king  in  at  which  time  experiments  were  ac- 
tually shown  at  St.  Gvrnm’n'B.  As  .Mr.  S.  held  places 
under  Cliarlcs  the  2d,  wr  must  naturally  conclude  that  he 
would  not  have  gone  over  to  France  to  ofier  iiis  iitvention 
to  Louis  the  14lh,  had  be  not  found  it  slighted  at  home. 
The  project  seems  to  have  remained  obscure  in  both  coun- 
tries till  16*99»  when  Savery,  who  probably  knew  more  of 
Morland's  invention  than  he  owmxl,  obtained  a patent; 
and  in  the  very  same  year,  M.  Amontons  proposcil  M^me- 
ihing  similar  to  the  French  Academy,  sei'iningly  as  his 
own. 

MORTALITY.  B»7/s  q/*  Jtfor/a//(y,  are  accounts  or 
registers  s|>ecifying  the  niirohirs  bom  nnd  buried,  and 
suiiietimes  married,  ill  any  low'D.  parish,  or  district.  Thi'sc 
art  ol  great  use,  not  only  in  the  doctrine  of  life  annuities, 
but  in'shuwiitg  the  degrees  of  h-alihine-*'  and  p^ohficne8^,  ^ 
with  the  progress  of  population  in  the  places  where  they 
are  kept.  It  is  therefore  mueb.  to  be  wished  that  such  ac-  * 
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counU  ha«i  always  been  correctly  kepi  in  every  kingdom, 
and  regularly  published  at  the  end  of  every  year.  \Vc 
should  (iun  have  Imd  uuci<t^  inspection  ihe  cumpurauve 
strength  of  every  kingdom,  as  far  as  it  depends  on  the 
numbi-r  of  inhabitatil^,  anti  its  incrcoM-'  or  decrease  at  dtl« 
I’crenl  |vriods.  • 

Such  accounts  are  rendered  still  more  useful,  when 
they  include  the  ages  of  the  dead,  ami  the  dibtemfrers  of 
uhtch  they  have  died.  In  this  cuac  tiiey  convey  some  of 
the  most  important  instructions  by  furnishing  the  means 
of  aiurermining  the  law  which  governs  the  waste  of  human 
lift  , the  values  of  annuities  dependent  on  the  cunitnuancc 
of  any  lives  or  any  survivorships  bctwc<*n  them,  and  the 
favourableness  or  unfavoumblcncss  of  diilcrciU  situations 
to  the  duration  of  life. 

There  are  however  but  few  registers  of  this  kind;  nor 
has  this  subject,  though  so  interesting  to  mankind,  ever 
engaged  much  attenliou  till  lately.  ImU'Cti,  bills  of 
mortality  for  the  several  parishes  of  the  city  of  1.4)ndt>n 
have  iM’en  kept  from  the  year  with  Imie  interrup- 
tion; and  a very  ample  account  of  them  has  beui  pub- 
lished down  to  the  year  175p,  by  Dr.  Uircb,  in  a large 
4to  vol.  which  is  pi'ihaps  the  must  complete  work  ot  ibc 
kind  extant;  containing  besides  the  bills  of  mortality,  with 
the  disc'ases  and  casualties,  several  other  valuaide  tracts 
on  the  subject  of  them,  and  on  p'ditical  anthmetic,  by 
tevcral  other  authors,  as  Capt.  John  Graum,  F ii.  s ; 
Sir  William  Petty,  f.  r.  s.;  Corbyn  Morris,  flsq.  r.  a.  a.; 
and  J.  P.  r.  it.  a ; the  whole  fonning  a valuabir  re- 
pository of  materials;  and  it  would  be  well  if  a continua- 
tion were  published,  down  to  (he  prc^scnt  date,  and  so  con- 
tinued from  time  to  time. 

Uills,  containing  ibo  ages  of  the  dead,  were  lung  since 
published  for  the  town  of  Brt*slaw  in  Silesia.  It  is  well 
known  what  use  has  been  made  of  tfaeix'  by  Dr.  Halley, 
and  after  bini  by  Mr.  Dernoi«re.  A table  of  pie  proba- 
bilities of  the  duration  of  human  life  at  every  deduced 
from  them  by  Dr.  Halley,  was  published  in  the  Philos. 
Trans,  vol.  I7»and  has  been  inserted  in  this  work  under 
the  article  which  is  the  tirst  tabic  of  the 

kind  that  has  been  published.  Since  the  publication  of 
this  table,  similar  bills  have  been  established  in  many 
other  places,  in  England,  Gernmiiy,  Swiixeriund,  Prance, 
Holland,  6cc,  but  mure  particularly  in  Sweden;  (he  re- 
sults of  some  of  which  may  bi*  seen  in  the  large  compara- 
tivv  table  o(  the  duration  of  life,  under  our  article  Lirr.- 
Annuiua,  ns  well  as  in  the  writings  of  Dr.  Price,  baron 
Maveres,  Mr.  Uaily,  6tc^ 

MORTaR,  or  Mortar-Piece,  a short  piece  of  ord- 
nance, (hick  and  wide,  proper  for  (browing  bomb-shelU, 
carcases,  stones,  grape-shot.  &c.  It  is  thought  that  the 
use  of  mortars  is  prior  to  that  of  cannon : fur  they  ui-re 
employed  in  the  wars  of  Italy,  to  throw  balU  of  rcd-hol 
iron,  and  stones,  long  before  the  invention  of  shells:  and 
it  is  generally  ladieved  that  the  Germans  were  the  first 
inventors.  The  practice  of  throwing  red-hot  balls  out  of 
morUcs,  was  first  practised  at  the  siege  of  StraUutid  in 
I()75»  by  the  elector  of  Brandenburg;  though  some  say, 
in  1653,  at  the  sirge  of  Hremen. 

.Mortars  are  made  either  of  brass  or  iron,  and  it  U usual 
to  distinguish  them  by  the  tliamcter  of  the  bore;  as  the 
13  ipeb,  the  10  inch,  or  the  8 inch  mortar:  there  are 
some  of  a smaller  sort,  as  Coehorns  ut  incites,  and 
Royals  of  .V8  inchi's  in  diameter.  As  to  the  larger  sues, 
as  ib  inches,  &c,  they  are  now  disux'd  by  the  English,  as 


well  as  most  other  European  nations.  For  the  circum- 
stances reliiting  to  moitars,  soe  Muller’s  Artillery- 

CofhorH  MhKTAR,  a small  kind  of  one,  invented  by  the 
culebnited  enginei  r baron  Cuchorn,  to  throw  small  shells 
or  grenades.  These  mortars  have  been  sometimes  fixed, 
to  the  luifflber  of  a dozen,  on  a block  of  oak,  at  the  ele- 
vation 1)1  45°. 

.MU'riON,  or  Local  Motion,  U a’continued  and  suc- 
cessive change  of  place.  ' Dorelli  defines  it,  the  successive 
passage  of  a t>ody  Iroin  one  place  to  another,  in  a deter- 
minate time,  by  becoming  succi*s6ivcly  contiguous  to  all 
tlic  parts  of  the  intermeuiate  space.  Or  motion  is  that 
ntketion  of  matter  by  which  it  is  transferred  trom  one 
point  of  space  to  another. 

Ill  order  that  the  doctrine  of  mechanics  may  be  brought 
vrithin  the  boundaries  of  mattiemalical  investigation,  u is 
neci'ssary,  not  only  that  the  quantities  it  proposes  for 
dtscusiion  shuuhl  be  measurable,  either  in  themselves  or 
in  their  cfiecis.  but  aWo  that  some  general  principles 
should  be  established,  the  truth  of  which  should  be  in- 
controvcriible,  and  to  which  the  student  may  at  all  times  * 
apiK'il  in  the  course  of  his  re^eurcbes.  Such  general 
principles  wen-  first  di'imciiy  proposed  by  Sir  I.  Newton, 
in  fits  Principia,  and  thiy  have  since  his  time  been  received 
ns  mechanical  axioms,  or,  as  they  are  coromoiily  called, 
Laws  of  Motion,  which  are  as  loliows: 

1 Every  Lody  continues  in  its  state  of  rest  of  uniform 
muliim  in  a righi  line,  until  a change  is  eflected  in  it,  by 
the  agency  ui  some  external  lorce. 

2.  Any  change  atlecicd  in  the  quiescence,  or  motion  of 
a bod^,  IS  m the  dm'ction  of  the  force  impressed,  and  is 
prnp>.»rti<iuul  to  the  quantity  of  it. 

3.  Action  and  reaction  are  equal  and  contrary;  or 
the  mulu<il  actions  of  two  biHlies  on  each  other,  areal- 
nays  equal,  and  directed  to  contrary  paiU. 

Conltnmiuitt  qf  .Motion,  or  the  cause  why  a body,  once 
in  motion,  continues  to  persevere  in  it,  is  a subject,  that 
has  b<-en  much  nmtroveilod  by  many  celebrated  philoso- 
phers; wcmuvi,  however,  lie  nmtcniwith  knowing  that  it* 

IS  one  of  (he  fundaroemal  laws  of  nature,  which  ts  beyond 
the  comprt-hemiim  of  the  human  mind  ; and  by  which, 
motion  oiicc  begun,  would  be  continued  in  infinitum,  were 
it  to  imvt  with  no  interruption  from  e.xurnal  causes, 
such  as  the  power  of  gravity,  the  resistance  of  mediums, 
&rc,  ^c. 

C'tmmuniciftion  qf  Motion,  or  how  a body  in  motion 
communicates  ibc  same  to  a body  at  rest,  by  coming  in 
contact  with  it,  is  also  a sabject  which  has  been  as  much, 
controverted  by  philosophers  as  the  former,  ami  after  all, 
is  as  little  undersiood  as  the  continuation  of  motion,  the 
cause  of  gravity,  and  other  speculative  inquiries  of  a simi- 
lar nature. 

.Motion,  ns  we  before  observed,  is  the  proper  subject  of 
mechanics,  and  these  are  the  basis  of  all  natural  philoso- 
phy ; and  lienee  the  denomination,  McchatiiCid,  «r  Expe- 
rimental Philosophy. 

In  eil'ect,  all  the  phenomena  of  nature,  ail  the  changes 
that  happen  in  the  system  of  bodies,  are  ow  ing  to  motion; 
and  are  direcu-d  according  to  the  laws  of  it.  Hencu  the 
nnnlern  philosophers  have  applied  tlu  msr  Ives  with  (veculiar 
ardour  to  consider  the  doctrine  of  motion;  to  investigate 
the  pru|K'rtics  and  laws  of  it;  by  observation  and  experi- 
ment, aided  by  the  uve  of  geometry.  And  to  this  is  owing 
the  great  advantage  of  the  modem  pbilusophy  over  that  of 
the  Miicieuu ; who  generally  founded  their  systems  of 
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p)ulf>«o|ihy  on  some  absurd  bypotbesis  of  tlivir  own  invcD> 
(ion;  whereas  the  modrrns,  by  deducing  th(-irs.from  ex> 
periincnt»,  carefully  and  frequently  re|>eatcd*  arc  enabled 
lo  procet'd  from  cfii'Cts  to  their  causes  in  a much  more  ra> 
lionul  manner. 

Motion  iscuoMdered  as  of  various  kinds,  via,  Absolute, 
Reintive,  Kquable,  Accelerated,  Uelarded,  &c. 

Ahaoiute  Motion,  is  an  absolute  change  of  place,  in 
any  luuvirig  body,  considered  indept*ndenily  of  any  other 
motion,  the  celerity  of  which  will  ibcrefurc  be  measured 
by  the  quantity  of  absolute  space  which  the  moveable 
b^y  has  pasv'd  over.  And 

^lutivt  Motion,  is  the  change  of  the  relative  place  of 
a moving  body,  considered  with  respect  to  some  other  body 
also  in  molion,  and  the  celerity  of  it  is  estimated  by  the 
quantity  of  relative  space  run  through.  1'his  may  be  iU 
lustrated  by  considering  two  vcasels,  sailing  either  in  the 
same,  or  in  contrary  directions,  but  with  different  velocities 
in  the  former  case ; both  of  which  arc  in  absolute  motion 
with  regard  to  the  port  whence  they  sailed,  or  any  other 
lived  point,  but  in  relative  motion  with  res{K'Ct  to  each 
other. 

Among  the  ancients,  there  is  nothing  extant  on  motion, 
excepting  some  things  in  Archimadcss  books  De  .Cqui* 
poiiderantibus,  and  in  Aristolie's.  We  are  indebted  to 
Galileo  for  a great  part  of  the  doctrine  uf  motion : he  first 
dt^cuvcred  the  general  laws  of  it,  and  particularly  of  the 
descent  of  heavy  bodies,  both  perpendicularly  and  on  in- 
clined planes;  the  laws  of  the  motion  of  projectiles;  the 
vibratioii  of  pendulums,  and  of  strutched  cords,  with  the 
theory  of  resistances,  &c  r things  which  the  ancients  bad 
little  notion  of. 

Torricelli  considembty  improved  on  the  discoveries  of 
bis  master,  Galileo;  and  added  many  experiments  concern- 
ing the  force  of  percussion,  and  the  equilibrium  of  fluids. 
Huygens  extended  the  doctrine  of  pendulums;  and  buh 
he  and  Borelli  the  effects  of  percussion.  Lastly,  New- 
ton, Leibnitz,  Varignon,  Marintie,  &c,  have  brought  tl»e 
docirino  of  motion  still  nearer  to  perfection. 

The  general  laws  of  motion  were  first  brought  into  a 
system,  and  analytically  demonstrated  together,  by  Dr. 
VVallis,  Sir  Christopher  Wren,  and  M.  Huy^ns,  all  much 
about  the  same  time;  the  first  in  bodies  not  elastic, .and 
the  two  latter  in  elastic  bodiis.  Lastly,  the  wWile 
doctrine  of  motion,  inclmling  all  ibe  discoveries  both 
r>f  ihe  ancients  and  moderns  on  that  head,  was  given  by 
Dr.  Wallis  in  his  Mechanicu,  sivc  Dc  Molu,  published 
in  l(>70. 

&uan/i(y  of  Mottos',  is  the  same  as  Momcmtum,  which 
see.  It  IS  a principle  ronintamod  by  the  Cartesians,  and 
some  others,  that  the  Creator  at  the  beginning  impressed 
a rertaia  quantity  of  motion  un  bodies;  and  that  under 
■uch  laws,  as  that  no  part  of  it  should  be  lost,  but  the 
same  portion  of  motion  should  be  consiantly  preserved  in 
matter:  and  hence  they  conclude,  that  if  any  mming 
body  strike  another  body,  the  funner  loses  no  more  of  its 
mutton  than  it  communicates  to  the  latter.  This  position 
however  lias  been  opposed  by  other  pliiloaophert,  am)  per- 
haps justly,  unless  the  preservalion  of  motion  be  under- 
stood only  of  the  quantity  of  it  as  estimated  always  in  the 
same  direction;  in  wihicb  case  the  principle  will  bold 
good.  Howev'er,  the  reasoning  ought  to  have  proceeded 
inihe  contrary  order;  by  first  observing  from  experiment, 
nr. otherwise,  that  wbi‘a  two  bodies  act  Upon  each  otbev, 
the  one  gaitu  exactly  the  motion  which  is  lost  by  the  other, 
V*oi..  II. 
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in  the  same  direction;  and'hence  have  drawn  the  in- 
ference, that  (here  is  tlicrefore  the  sense  quantity  of  mo- 
yon  preserved  in  the  universe,  as  was  created  by  God  in 
llic  beginning;  vince  no  body  can  act  upon  another,  without 
being  iuelf  equally  acted  un  in  the  opposite  or  contrary 
direction. 

EifnabU  Motiok,  is  that  by  which  the  moving  body  pro- 
ceeds  with  exactly  the  same  velocity  or  celerity;  passing 
always  over  equal  spaces  in  equal  times. 

’Phe  Law$  qf'  Equable  Motion,  are  these:  I.  The  spaces 
described,  or  passed  over,  are  in  tbe  compound  ratio  of 
the  velociiii's,  and  the  times  of  describing  those  spaces.  So 
that,  if  V and  r be  any  two  uniform  velocities,  s and  « the 
spaces  described  or  passed  over  by  them,  in. the  respective 
times  T and  t: 

then  is  8 : r : ; TV  : iv, 
or  20  : 12  : ; 4 X 5 : 3 X 4 : 
taking  T = 4, 1 s=  3,  V = 5,  and  0 SB  4. 

2. ' In  uniform  motions,  the  lime  is  as  the  space  directly, 
and  as  the  velocity  reciprocally;  or  as  the  space  divided 
by  the  velocity.  So  that 

R t 

T : I : : — : - or  : : so  : rv. 

V » 

3.  The  velocity  is  as  the  s|>ace  directly,  and  the  time 
reciprocally ; or  as  the  space  divided  by  the  lime. 

That  is,  V ; o : : - J - or  : : s<  : st. 

’ T t 

Accelerattd  Motiok,  is  that  which  continually  receives 
(n$h  accessions  of  velocity.  And  it  is  said  to  be  uniformly 
accelerated,  when  its  acecnions  of  velocity  are  equal  in 
equal  times;  such  as  that  which  is  produced  by  the  cuiili- 
nua)  aciioa  of  one  and  the  same  force,  like  the  force  of  gra- 
vity, Ac. 

Retarded  Motiok,  is  that  wh(^  velocity  continually 
di-crcascs.  And  it  is  said  to  be  uniformly  retarded,  when 
its  decrease  is  continually  proportional  to  the  time,'  or  by 
equal  quantities  in  equal  times;  like  that  which  is  pro- 
duced by  the  continual' opposition  of  one  and  the  same 
force;  such  as  the  force  of  gravity,  in  uniformly  retarding 
the  motion  of  a body  that  is  thrown  upwards.  . ' 

Tbe  laws  of  motion,  uniformly  accelerated  or  retarded, 
are  these : 1.  In  uniformly  variH  motiona,  tlie  space,  • or 
r,  is  as  the  square  of  the  tini«,or  as  the  square  of  (be  great- 
est velocity, or  as  tbe  rectangle  or  productof  the  time  and 
velocity. ' 

That  is,*  : * T*  p'  ::  TV  : /r. 

2.  The  velocity  is  as  the  lime,  or  as  tbe  space  divided  by 
tbe  lime,  or  as  the  square  root  of  tbe  space. 

That  is,  v:»::  r 1 1 ^ i t z 

3.  The  lime  is  ai  the  velocity,  or  at  the  space  divided  by 
tlie  velocity,  or  as  the  square  rout  of  the  space. 

That  is,  T : / t : V : p : : - : - : ; : 4/f. 

4.  When  a space  is  .described,  or  passed  over,  by  an 
uniformly  varied  motion,  tbe  velocity  either  beginning  at 
niilbing,  and  continually  accelerated ; or  else  banning 
at  some  determinate  velocity,  and  continually  retarded  till 
the  velocity  be  reduced  to  nothing;  then  tbe  space,  so 
describeil  by  any  body,  is  exactly  equal  to  bajf  space 
that  would  be  run  over  in  tbe  sam^  lime  by  the  greatest 
velocity  if  uniformly  continued  fur  that  lime.  So,  for 
instance,  ifg  denote  the  space  run  over  in  one  second,  or 
any  other  lime,  by  such  a variable  motion  ; then  2g  would 
be  the  space  that  would  be  run  over  in  one  lecood,  or  tbe 
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vADic  tiiw,  t»y  the  greniesi  vclocify  uniformly  continued 
for  the  same  time;  or  2^  would  be  the  gn-auitt  velocity 
per  second  which  the  moving  body  had.  CunM*quently,tl' 
i be  ony  other  time,«  the  space  run  over  iq  thut  iime»  and 
r the  greatest  velocity  attained  in  it;  then,  from  the  £r>rc- 
going  articles  it  will  Uc 

l”  2^  : 2iff  = rthc  velocity, 

and  I*  : : g : = r the  space. 

And  hence,  for  any  such  uniformly  varied  motions,  the  re- 
lations among  the  several  quantities  concerned,  will  be  ex- 
prc$M.'d  by  the  following  equations:  via, 

• — s'  — - — ~ V ~ ' 

_ ^ 9i  ^ „ y ^ p 

r—  g — — — •v'gs,  ^ = p — 

And  these  equations  will  hold  good  in  the  motion  eitlier 
generated  or  destroyed  by  the  force  of  gravity,  or  by  any 
other  uniform  force  whatever.  Sec  also  tho  ariiclesGRA- 
viTV,  Acceleuatjon,  Hetardatiok,  &c.  Again, 
SimpU  Motiox,  is  that  which  is  produced  by  some  one 
{>owtr  or  force  only,  ami  is  always  rcctilinttir,  or  in  one 
direction,  whether  the  force  be  only  momentary  or  conti- 
nued. And 

Cwnpotaul  Motion,  is  that  which  is  produced  by  two 
or  more  powers  acliug  in  different  directions.  See  Com- 
POUND,  and  Composition  of  3fotion. 

Jf  a moving  body  be  acted  on  by  a double  power ; the 
one  according  to  the  direction  ab,  the  other  according  to 
AC  i then,  with  the  compound  motion, 
or  that  which  is  compounded  of  these 
two  together,  it  will  describe  the  dia- 
gonal AD  of  the  parallelogram,  wrhose 
sides  AS  and  ac  it  would  have  de- 
scribed in  the  same  time  with  each  of 
the  respective  powers  separately  ap- 
plied. 


And  if  the  radius  of  a circle  be 
made  to  revolve  about  the  centre  r,  ' 
while  a point  in  the  radius  sets  off 
from  A,  and  keeps  moving  along  the 
radius  towards  the  centre;  then,  by 
this  compound  motion,  the  path  of 
the  point  wrill  be  a kind  of  spiral 

ABC. 

For  the  particular  laws  of  motion,  arising  from  the 
collision  of  bodies,  both  elastic  and  non-elastic,  and  that 
where  the  directions  are  both  perpendicular  and  oblique, 
see  Percussion. 

For  Circular  Motion,  and  rAe laws  q/*  Projectiles, 
sec  the  respective  words. 

For  the  alotion  qf  PnduUtmi,  and  iht  Laws  of  0$ciUatton, 
see  Pendulum. 

Perpetuai  Motion,  is  a motion  which  is  supplied  and 
renewed  from  itself,  without  the  iniervcniion  of  any  ex- 
ternal cause.  The  celebrated  problem  of  a perpetual 
motion,  consists  in  the  inventing  a machine,  w hich  has 
the  principle  of  its  motion  within  itself;  and  is  a problem 
that  has  engaged  the  attention  of  certain  mathematicians  for 
2000  years ; though  notie  perhaps  have  prosecuted  it  with 
attention  and  earnestness  equal  to  those  of  the  last  cen- 
tury. Infinite  arc  tbf  schemes,  designs,  plans,  engines, 
wheels,  &c,  to  which  this  long-dcsircd  perpetual  motion 
has  given  hirth. 

M.  [.ahire  has  proved  the  impossibility  of  any  such 
maebinc,  and  finds  that  it  amounts  to  this;  viS)  to  find  a 


body  which  is  both  heavier  and  lighter  at  the  same  time, 
or  to  find  a body  which  is  heavier  than  itself.  Indet^j  there 
seems  but  little  in  nature  to  countenance  all  this  assiduity 
and  ex{x?ctation : among  all  the  laws  of  mutler  and  mo- 
tion, we  know  of  none  yet  that  seem  likely  to  furnisli  any 
principle  or  foundation  lor  such  an  rfleci. 

Action  and  reaction  it  is  allowed  are  always  equal; 
and  a body  that  gives  any  quantity  of  motion  to  another, 
alwny>  loses  just  so  much  of  its  own;  but  under  the  pre- 
sent state  of  things,  the  resistance  of  the  air,  the  friction  of 
the  parts  of  machines,  iN(C,  do  necesvinly  retard  every 
motion.  To  continue  the  motion  therefort*— cither,  first, 
there  must  be  a supply  from  some  foreign  cause;  which  in 
a per)>ctual  motion  is  excluded.  Or,  2dly,  all  rcsisiHOce 
from  the  friction  of  the  parts  of  mutter  must  be  removed; 
which  m-CesSHrily  irapliev  a change  in  the  nature  of  things. 
Or,  3<ily  and  lastly,  there  must  be  some  method  of  gain- 
ing a force  equivalent  to  what  is  lost,  by  the  artful  dispo- 
sition ninl  Combination  of  mechanic  powers;  to  v^ich 
last  point  then  all  endeavours  are  to  be  directed  : but 
how,  or  by  what  means,  such  force  should  be  gained,  is 
still  a mystery.  The  muliiplicatum  of  powers  or  forces,  it 
IS  certain,  avails  nothing;  for  what  is  gained  in  power  is 
lost  in  time,  so  that  the  quantity  of  motion  still  remains 
the  same.  'I'bis  is  an  invariable  law  of  imturc ; by  which 
nothing  is  left  to  art,  but  the  choice  of  the  several  combi- 
nations that  may  produce  the  saroecfli'Ct. 

There  are  various  ways  by  which  absolute  force  may  ba 
gained  ; but  since  there  is  always  an  equal  gain  in  oppo- 
site directions,  and  no  increase  obtained  in  the  same  direc- 
tion; in  (he  circle  of  actions  necessary  to  make  a perpetual 
movement,  this  gain  must  be  presently  lost,  and  will  not 
serve  for  the  necessary  expense  of  force  employed  in  over- 
coming friction,  and  the  resistance  of  the  medium.  And 
therefore,  though  it  could  be  shown,  that  in  an  infinite 
number  of  bodies,  or  in  an  infinite  machine,  there  could  be 
a gain  of  force  forever,  and  a motion  continueii  to  infinity, 
it  docs  nut  follow  that  a perpetual  movement  can  be  made. 
That  which  was  proposed  by  M.  Leibnitz  in  the  Leipsic 
Acts  of  1690, as  a consequence  of  the  common  estimation 
of  the  forces  of  bodies  in  motion,  is  of  this  kind,  and  for 
this  arid  other  reasons  ought  to  be  rejected!  Sec  Orf- 
ftrcus's  Wheel,  &c,  also  my  Recreations,  vol.  2,  prob. 
52  on  Mechanics. 

Animal  Motion,  is  that  by  which  the  situation,  figure, 
magnitude,  &cc,  of  the  ports  and  members  of  animals  are 
changed.  Under  these  motions,  arc  included  all  the  animal 
functions ; as  respiration,  circulation  of  the  blood,  excre- 
tion, walking,  running,  &c. 

Animal  motions  are  usually  divided  into  two  species; 
viz.  Natural  and  Spontaneous. 

Natural  Motion,  is  that  involuntary  one  which  is 
eflfectcd  without  the  command  of  the  will,  by  the  mere 
mechanism  of  the  parts.  Such  as  the  motion  of  the  heart 
and  pulse;  the  peristaltic  motion  of  the  intestines,  &c. 
Hut 

Spontaneout,oT  Muscular  Motion,  is  that  which  is  per- 
formed by  means  of  the  muscles,  at  the  comtimnd  of  the 
will;  which  is  hence  called  voluntary  nu^iion.  Uorelli  has 
tt  celebrated  treatiae  on  this  subject,  entitled  De  Motu 
Aiiiinalium. 

Inteuine  Motion,  denotes  an  agitation  of  the  particles 
of  which  a body  consists.  Some  philosophers  will  have 
overy  body,  and  every  particle  of  a bo<iy,  in  cominual 
motion.  As  Cor  fluids,  it  is  the  definition  they  give  of 
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fhem,  that  their  patU  are  in  continual  motion.  And  at 
to  koliiJ>,  they  inter  the  like  motion  from  the  t llluvia  con* 
Itnually  emitted  through  their  poret.  lienee  inieatine  mo* 
tiun  i*  repretented  to  be  a motion  of  the  internal  and  smaller 
parts  of  matter.continuallyexciied  by  !K>me  external,  latent 
agent, which  ofiuclfis  insensible,  anti  only  diinrovers  itself 
by  its  effects;  appointed  by  nature  to  be  the  gnat  instru* 
tnciit  of  ibe  changes  in  bodies. 

Motion,  in  Astronomy,  is  peculiarly  applied  to  the  or> 
dcrly  courses  of  the  heavenly  bodies. 

Meta  Motion,  bt'c  Mean. 

The  motions  of  the  celestial  luminaries  are  of  two  kinds: 
Diurnal,  or  Common  ; and  Sccomlar)’,  or  Proper. 

Dm77ui/,or  Primary  Motion,  is  that  with  which  all  the 
heavenly  bodies,  and  the  whole  mundane  sphere,  appear 
to  revolve  every  day  about  the  earth,  from  east  to  west. 
This  is  also  called  the  motion  of  the  primum  mobile,  and 
the  common  motion,  to  distinguish  it  from  that  rotation 
which  IS  peculiar  to  each  planet. &c. 

Secimdttry,  or  Proper  Motion,  is  that  with  which  a star, 
planet,  or  the  like,  .idvances  a certain  space  every  day  fn>in 
the  west  towards  the  east.  Sex;  the  several  motions  of  each 
luminary,  with  the  irregu)iiriiii*s,  &c,  of  them,  under  the 
proper  articles,  Earth,  Moon,  Star,  &c. 

Anguiar  Motion,  is  that  by  which  the  angular  position 
of  any  thing  varii-s.  S»*e  Angular. 

Horary  MoTioN,  is  the  motion  during  each  hour.  See 
Horary. 

Paracentrit:  Motion  of  Impetus.  See  Paracentric. 

Motion  of  Trcindation,  Arc.  See  TuEPiOATtOK  and 
I.IRRATION. 

MO'nVE  Po'xcT,  or  Force,  is  the  whole  power  or  force 
acting  upon  any  body,  or  quantity  of  matter,  to  move  it; 
niid  is  pniporiional  to  the  momimturo  or  quantity  of  mo* 
lion  it  Can  produce  in  a given  time.  And  it  is  thus  distin* 
guished  from  the  accelemtive  force,  which  is  considered  at 
affecting  the  celerity  only. 

MO  i'RIX,  something  that  has  the  power  or  faculty  of 
moving.  See  Vu  Motrix^  and  Motion. 

MOVEARI.E,  something suvceptible  of  motion,  or  that 
is  disposed  to  be  moved,  A sphere  is  the  most  moveable 
of  all  bodies,  or  is  the  easiest  to  be  moved  on  a plane.  A 
door  is  moveable  on  its  binges;  the  magnetic  needle  on  a 
pin  or  i^ivot,  Acc.  Moveable  is  often  used  in  Contradistinc- 
tion to  fixed  or  fixit. 

Moveable  Fcoa/a,  arc  such  as  arc  not  always  held  on 
the  i>amc  day  of  the  year  or  month  ; though  they  may  be 
on  the  same  day  of  the  week.  Thus,  Easter  is  a moveable 
feast ; being  always  held  on  the  Sunday  which  falls  upon 
or  next  after  (he  first  full  moon  following  the  21st  of 
March.  SeePhilos.  Trans.  No.  240,  pa.185.  Alt  the  other 
moveable  feasts  follow  Easter,  ket^ping  their  constant  di- 
stance from  it;  so  that  they  are  fixed  with  respect  to  this, 
though  moveable  through  the  course  of  the  year.  Such  are 
Septuagesima,  Soxagesima,  Ash-Wednesduy,  AKensioo- 
Day,  Pentecost,  Trinity-Suuday,  ^c. 

MOVEMENT,  a term  often  used  in  the  same  sense  with 
automaton.  *rhe  most  usual  movements  for  keeping  time* 
are  clocks  and  watches:  the  latter  arc  such  as  show  the 
parts  of  time  |^y  inspection, and  are  portable  in  the  pocket; 
the  former  such  as  publish  it  by  kounds,  and  arc  fixed  as 
furniture. 

Movr.ur.NT,  4n  its  popular  use,  signifies  all  the  inner 
works  of  a clock,  watch,  or  other  machine,  that  move,  and 
by  that  motion  carry  on  the  design  of  the  instrument  The 


movethent  of  a clock,  or  watch,  is  the  inside;  or  that  part 
which  measures  the  time,  and  strikes;  cxduMre  ol  the 
frame,  case,  dial-plate,  Avc. 

• The  parts  common  to  b*>th  of  these  movements  are,*tlie 
main-spring  with  its  appurtenance<t,  l)ing  in  the  spring 
box,  and  in  the  middle  of  it  bip^iing  about  the  spring- 
arbor,  to  which  one  end  of  it  is  1.13141)4x1,  On  the  upper 
part  of  the  sprins-atbor  is  the  eiulless  screw,  and  its  wheel; 
but  in  spring  clocks  this  is  a r.itchct>wbcel  with  its  click, 
that  sU)|Ki  it,  'i'hal  part  which  the  main-spring  dniws, 
and  round  which  the  chain  or  string  is  wrappi  d,  is  called 
the  fusee,  the  proper  curve  fur  which  is  the  hyperbola;  in 
large  works,  going  with  weights,  it  is  cylindrical,  and  is 
called  the  barrel.  The  small  tcxrth  at  the  bottom  of  the 
fusiX!  or  barrel,  which  stop  it  in  winding  up,  is  called  tho 
ratchet;  and  that  which  stops  it  when  wound  up,  and  is 
for  that  end  driven  up  by  the  spring,  the  gardegut.  The 
whcids  are  various;  the  parts  of  h wheel  arc,  the  hoop  or 
rim ; the  leetii,  the  cross,  and  the  collet,  or  piece  of  brass 
soldered  on  the  arbor  or  spindle  on  which  the  wheel  is 
riveted.  The  little  wheels,  playing  in  the  teeth  of  the  larger, 
are  called  pinions  ; and  their  teeth,  which  are  4,  5,  6',  8, 
Akc,  arc  called  levc»;  the  ends  of  the  spindle  are  called 
pivots;  and  the  guUureU  wheel,  with  iron  spikes  at 
bottom,  in  which  the  line  of  common  clocks  runs,  the 
pulley. 

ntecry  qf  Ctiiculating  the  Sumhert  for  Mov  e M e N ra. 

1.  It  is  first  to  be  observed,  that  a wheel,  divided  b)  its 
pinion,  shows  how  many  turns  the  pinion  has  to  one  turn 
of  the  whad. 

2.  That  from  the  fusee  to  the  balance  the  wheels  dAve 
the  pinions,  consequently  the  pinions  run  faster,  or  make 
more  rcvoloiions.  than  the  wheel ; but  it  is  the  contrary 
from  the  great  wheel  to  the  dial-wheel. 

3.  That  the  wheels  and  pinions  arc  written  down  either 

as  vulgar  fractions,  or  in  the  way  of  division  in  comniuti 
arithmetic:  for  example',  a wheel  of  60  teeth,  moving  a 
pinion  of  5,  is  set  down  either  thus  4 ) 35  ^ p 

or  thus5)ff0,  which  is  belter.  And  the  — tt — jr^r 

number  of  turns  the  pinion  has  in  one  ' J 

turn  of  the  wheel,  as  a quotient,  thus  ' ^ ^ 

3)  GO  (12.  A whole  movement  may  ' ^ 

be  wrillci?  as  antie.xed  ; where  the  up-  IT 

pe  rmost  uumber  e.xpresscs  the  pinion  of  report  4,  the  dial- 
wheel  35,  and  the  turns  of  the  pinion  9 ; the  second,  the 
pinion  and  great  wheel ; the  third, second  wpheel,  dec; 
(he  fourth,  the  contratc  wheel ; and  the  last,  17»  the  crown- 
wheel. 

4.  Hence,  from  thc'numbcr  of  turus  any  pinion  makes, 
in  one  turn  of  the  wheel  it  works  in,  may  be  determined 
the  number  of  turns  a wheel  or  pinion  has  at  any  greater 
distance,  vis,  by  multiplying  the  quotients  together;  the 
product  being  the  number  of  turns.  I'bus,  suppose  the 
wheels  and  pinions  as  in  the  case-above;  the  quotient  H 
multiplied  by  9»  gives  99>  ^bc  number  of  turns  in  the 
second  pinion  5 to  one  turn  of  the  wheel  55,  wiiich  runs 
concentrical,  or  on  the  same  sptndle,  with  the  pinion  5. 
Again,  99  multiplied  by  8,  gives  79^>  number  of  turns 
the  last  pinion  bay  to  one  turn  of  the  first  wheel  5.  Hence 
we  proc(x:d  to  find,  not  only  the  turns,  but  the  number  of 
beats  of  the  balance,  in  the  time  of  those  turns.  For, 
having  found  the  number  of  turns  the  crown-wheel  has  iu 
one  turn  of  the  wheel  proposed,  those  turns  muUi|>licd 
by  its  notches,  give  half  the  number  of  beats  iu  that  one 
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turn  of  the  whei*K  Suppose^  for  cxampii%  ihc  cft)wn- 
wheel  to  have  720  turns,  to  one  of  the  lir^t  wheel;  this 
number  multiplied  by  15,  the  notches  in  the  crown*whecl, 

f>roduccs  10800,  half  the  number  of  strokes  of  the  ba^* 
ance  in  one  turn  of  the  first  wheel  of  80  loetj).— The 
general  division  of  a rpovement  is,  into  the  clock,  and 
vratch  parts. 

MOULDINGS,  in  Architecture, arc  certain  projections 
beyond  the  naked  of  a wall,  column,  wainscot.  tVe,  the  as' 
scmblagc  of  which  forms  cornices,  door-cases,  and  other 
decorations  of  architecture. 

MotTLDtKoa,  an*  aunexed  to  ^rcat  guns  by  way  of  or- 
nament, or  perhaps  in  some  parts  for  strength;  and  pro- 
bably are  derived  from  the  hoops  or  rings  which  bound  the 
long  iron  bars  together,  anciently  used  in  making  cannon. 

MOUNTAIN,  a considerable  eminence  of  land,  ele- 
vated above  every  thing  around  it  The  name  is  also 
given  to  a chain  of  such  masst's;  as  when  we  speak  of 
Mount  Atlas  in  Africa;  or  Mount  Caucasus,  extending 
fram  Colchis  to  the  Caspian  Sea;  or  the.  Pyrenean 
Mountains,  which  separate  France  from  Spain  ; and  the 
Apennine  Mountains,  traversing  the  whole  of  Italy. 

Naturalists  reckon  several  kinds  of  mountains;  and 
conjecture  that  they  have  not  all  the  same  origin,  nor  (he 
same  date.  As,  1st,  Those  mountains  which  form  a 
chain,  and  are  covered  with  snow,  are  considered  as  pri- 
mitives or  antediluvian.  Those  greatly  exceed  other  moun- 
tains in  height;  in  gmerxl  their  elevation  is  very  sudden, 
and  their  ascent  very  steep  and  dilhcuU:  their  shape  is 
pyramidical,  crowned  with  sharp  and  prominent  rucks. 
No  shells,  or  plhcr  organized  marine  bodies,  are  found  in 
the  upper  parts  of  these  primitive  mountains,  except  on 
,lhc  sides  near  the  base.  'Fhc  stone  of  which  they  consist 
is  an  immense  mass  of  quartz,  which  penetrates  into  the 
bowels  of  the  earth  in  a direction  almost  vertical.  Of  this 
kind  in  Europe  arc  (he  Pyrenees,  the  Alps,  the  Apennines, 
those  in  'Pyrol,  in*SiU*sia.  in  Carpalhia,  Saxony,  Norway, 
^c.  In  Asia  are  the  Hiphean  Mountains,  Mounts  Cau- 
casus, Taurus,  and  IJbanus.  In  Africa,  Atlas  and  the 
Mountains  of  (he  Moon;  and  in  America  the  Apalacbian 
Mountain^,  and  iht;  Andes  or  Cordilleras.  .Many  of  the 
latter  have  been  the  seats  of  volcanoes. — 2d,  Another 
kind  of  mountains  are  such  us  are  either  detached,  or 
surrounded  with  groups  of  little  hills,  the  crust  of  v%hich 
is  gravelly  and  confusedly  arranged  together,  lliese  are 
truncated,  or  have  a wide  mouth  in  the  shape  of  a funnel 
if)  the  summit,  being 'composed  of,  or  surrounded  vsith 
heaps  of  calcined  and  half  viinficd  b-Kltes,  lava,  ic. 
These  appear  to  have  been  formed  by  different  strata 
thrown  up  into  the  air,  on  the  eruptions  of  subterraneous 
fire;  such  as  the  isles  of  Santnrin,  Monta-Nu«vii,  Etna, 
Adam’s  Peak  in  the  island  of  Ceylon,  the  IVak  of  Tenc- 
riffc,  nnd  many  others,  have  bet'ii  formed  in  this  manner. 
— .Id,  Thm^e  mountains',  whether  arranged  in  n group  or 
not,  the  earth  or  stone  of  which  is  disposed  in  strata,  end 
of  one  or  more  colouit  and  substances,  arc  supposed  to 
he  produced  by  the-substanccs  deposited  slowly  and  gra- 
dually by  the  waters,  or  by  soil  gained  at  the  time  ofgi  vat 
Hoods.  Though  these  mountains,  formed  by  strata,  some- 
times drgencratc  into  little  hills,  and  even  become  almost 
fiat,  they  always  consist  of  an  immense  collection  of 
fosmls  of  different  kinds,  in  good  preservation,  and  which 
nrr  pretty  easily  detached  from  their  beds.  These  fossils, 
consisting  of  marine  shells,  inu-nnixed  and  confounded 
with  heaps  of  or^nised  bodies  of  other  species,  have  an 


appearanre  of  great  disorder,  by  means  of  some  extraordr 
nary  and  violent  currtmts.  All  these  phenomena  seem  to 
prove  that  most  of  these  mountains  chietly  owe  (heir  origin 
to  the  sea,  which  once  covered  some  parts  of  our  conti- 
nents, now  left  dry  by  its  retreat. 

Of  those  mountains  which  extend  in  a direction  rtorth 
and  south,  it  has  been  oliscrved  that  their  west  side  is  usu- 
ally much  sleeper  than  the  cast  side;  but,  in  such  as  ax- 
tcnil  east  and  west,  the  south  sides  are  much  steeper  (h«*m 
the  northern : that  the  Alps  are  steeper  on  their  western 
and  southern  side's,  than  on  the  eastern  and  northern : tliat 
in  America  the  Cordilleras  are  steepest  on  the  western  side. 
And  so  in  like  manner,  in  all  continents,  as  well  as  bills 
and  islands,  (he  west  and  southern  sides  are  commonly  the 
steepest. 

Mqutctains,  Attraction  ef.  As  attraction  is  found  to 

a general  property  of  all  matter,  evincing  itself  univrr^ 
sally  by  the  tendency  of  all  bodies  towards  the  centre  of 
the  globe;  so  partrculurly  in  bills,  it  is  shown  by  their 
drawing  the  plumb-line  aside  from  the  perpendicular, 
sideways  towards  the  hill,  more  or  less  according  to  its 
magnitude,  density,  and  situation.  And  by  the  observed 
efiect  of  these,  compared  with  (hat  of  the  whole  earth,  it 
has  been  determined  that  the  medium  density  of  this 
whole  globe  of  earth,  is  about  5 times  that  of  common 
water.  See  the  articles  ATTaACTioa,  Dlksitt,  and 
Hahtii,  also  my  Tracts,  vol.  2. 

Mountains,  Height  of.  The  following  is  a list  of  the 
ineasurc'd  aliiindts  of  the  m<»st  remarkable  mountains  in 


must  parts  of  (he  earth,  m Ktiglish  feet. 

Chimboraco  Siiurce  of  the  Nile  8082 

Cayarnbuorou  U)v>.91  Munnst.  St.  llernard  75>44 

Antis^na  Pic  dc  los  Keyes  7020 

Pichinho  15b70  Puy  de  D^mimc  5088 

Mont  Blnnc  150‘6'2  Mount  Ileclu  4SR7 

Monte  Kosa  150S4  Mount  Wsuvius 

Pic  of  Teneriffc  Uiul.4iurs  3858 

Aiguille  d’Argentun*  13402  IhnMoir  3723 

Pic  d’Ossano  11700  Snowdon  3555 

Mount  yfitna  10y54  Hen  Glue  3472 

City  of  Quito  951/7  Schihatlcn  3(6T 

Pic  du  Medi  93tM>  Tablcllill, Good  Hope 3454 

Mount  Cents  9212  Hen  txmond 

Canegou  8544  Tinto  2342 

Gomlur,  in  .Abyssinia  S440  Geneva  Like  1232 

Caspian  Sea  below  the  ocean  306  feel. 
MOVNEAU.  Si**  Moineav. 


MULLER  (Jons),  commonly  cnliii)  RaotOMOX- 
TAWVS,  from  Mons  Rt,;iu5.  or  Koningsberg,  a ttjwn  irs 
Franconia,  where  he  was  burn  in  143b'«  and  he  became 
the  grcxkU'st  astronomer  and  mathematician  of  his  time. 
Having  first  acquired  gniinmaticnl  leariiiit:;  in  his  own 
country,  be  was  arlmilted,  while  yet  a boy,  into  the  aca- 
demy at  Leipsic,  where  he  formed  a strong  attachment  to 
the  mathematical  scii-nci's,  arithmetic,  geometrv',  astro- 
nomy, &c.  But  not  finding  proper  assistance  in  these 
liudies  at  this  place,  he  removed,  when  only  15  years  of 
age,  to  Vjinna,  to  study  under  the  celebnuerl  Purbnch, 
the  prolcs»nr  there,  who  read  lectures  on  those  scicncra 
with  the  highest  reputatjnn.  A strong  ami  affectionate 
friendship  soon  tiXik  place  between  them;  and  our  author 
made  such  rapid  improvement  in  the  sciences,  that  bowaa 
soon  able  to  be  as-sUting  to  his  master,  and  to  become  a 
companion  in  all  bis  labours.  In  this  manner  they  spent 
about  ten  years  together;  elucidating  obscurities,  ubserv-s 
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ing  tbe  motions  of  the  hcnvcnly  bodies,  and  coroptriug  and 
correcting  tbe  tables  at*  thcin ; particularly  those  of  Klars« 
u’hicli  they  found  to  disagree  with  the  motions,  sometimes 
as  much  as  *i  degrees. 

About  this  time  there  arrived  at  Vienna  the  cardinal 
Uessarion,  who  came  to  DqtotiaCe  some  affairs  lor  the 
pope;  who,  Iteing  a lover  of  astronomy,  soon  farmed  an 
acquaintance  with  Purbach  and  Regiomomanus.  11c  had 
begun  to  hjrin  a Latin  version  of  Ptolemy's  Almagest,  or 
an  epitome  of  it;  but  not  having  time  to  go  on  with  it 
birosrlf,  he  requested  Purbach  to  complete  the  work,  and 
for  that  purpose  to  return  with  him  into  Italy,  to  make 
himself  master  of  the  Greek  tuoguo,  which  he  was  as  yet 
unacquainted  with.  To  these  proposals  Purbach  only 
assentetl,  on  condition  that  Regiomontanus  would  accora* 
pany  him,  and  share  in  all  the  labours.  They  first  how- 
ever, by  means  of  an  Arabic  >x‘rsion  of  Ptolemy,  made 
some  progn***  in  the  work ; but  this  was  soon  inierrupted 
by  the  death  of  Purbach.  which  happened  in  14-61,  in  the 
39th  year  of  his  age.  The  whole  task  then  dcvulvi-d  on 
Kegiomonlanus,  who  hiiished  the  work,  at  the  request  of 
Purbach,  made  to  him  when  on  his  denlh<>bcd.  This  work 
our  author  afterwards  revised  and  perfected  at  Rome, 
when  he  IhJ  learned  the  Greek  language,  atal  consulted 
the  commentator  'J'beon,  &c. 

Regiomontanus  accompanied  the  cardinal  Ik^ssationin 
hit  return  to  R<»mc,  being  then  near  30  y(*ars  of  age. 
Here  he  applied  himself  diligently  to  the  study  of  the 
Greek  language : not  m-glcciing  however  to  make  astro* 
Romicil  observations  and  cumjxise  various  works  in  that 
science  ; as  bis  Dialogue  against  the  Theories  of  Cremo- 
nensis.  The  cardinal  going  to  Greece  soon  after,  Regio- 
montanus went  to  Ferrara,  lihere  be  continued  the  study 
of  the  Greek  language  under  Theodoic  Gala;  who  ex- 
plained jo  him  the  text  of  Ptolemy,  with  the  commeniarit's 
of  Thcon ; iill  at  length  he  became  so  perfect  in  it,  that 
he  could  coinpoM*  vt-ivs,  and  read  it  like  a critic  —In 
146‘3  he  went  to  Padua,  where  he  became  a member  of 
the  univemity ; and,  at  tbe  request  of  the  students,  ex* 
plained  Alfraganus,  an  Arabian  philosopher. — In  146*4 
he  removed  to  Venice,  to  mrct  and  attend  his  patron  Res* 
siirion.  Here  he  wrote,  with  great  accuracy,  bis  'I'rraltsc 
on  Triangles,  and  n Refutation  of  the  Quadrature  of  the 
Circle,  which  cardinal  Cusan  pretended  he  had  demon- 
strated. The  same  year  he  returned  with  Dessarion  to 
Rome ; where  be  marie  some  stay,  to  procure  the  most 
curious  Uioks : those  which  he  could  not  purchase,  he 
look  the  pnins  to  transcribe,  k»r  he  wrote  with  great  fa- 
cility and  elegance  ; and  others  he  got  Copied  at  a great 
expeuso.  For  as  |ie  was  certain  that  none  of  lbes<>  liooks 
could  be  bad  in  Germany,  he  thought  on  his  return 
thither,  he  would  at  hU  leisure  transbieund  publish  some 
ol  the  best  of  them.  During  this  lime  too  he  had  a 
severe  contest  with  Geonsc  Trabesonde,  whom  he  had 
creatly  oflended  by  animadverting  on  some  passage's  in  his 
iransiation  ot  Theon'sCommenuiy. 

Hring  now  w^ary  of  rambling  about,  and  having  pro- 
cured a great  numWr  of  manuvcripK,  which  was  one 
great  object  of  his  travels,  he  retumrd  to  \'i«‘nna,  ami 
pii  lormed  for  some  time  the  offices  of  liis  proU^saursitip, 
by  r<‘ariing  of  lectures  &c.  After  being  thus  uuplojed, 
he  went  to  Buda,  on  ibe  invitation  of  .Vlauhiai  king  of 
iluiiff.iry,  who  was  a great  lover  of  letters  and  ihu  sci- 
ences, ami  had  founded  a rich  and  iiublc  library  lliere: 
for  he  had  bought  up  ull  tbe  Greek  books  ibul  could  be 
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found  on  the  sacking  of  Constantinople ; also  those  that 
were  brought  from  Athens,  or  wherever  else  they  could 
be  met  with  through  the  whole  Turkish  dominions,  col- 
lecting them  all  together  into  a library  ot  Buda.  But  a 
war  breaking  out  111  this  country,  he  luoki-d  out  for  some 
other  place  lu  settle  in,  where  he  might  pursue  his  studies, 
and  for  this  purpose  he  retired  to  Noremberg.  He  tells 
us,  that  the  reasons  Avhich  induced  him  lu  desire  to  reside 
in  this  city  the  remainder  of  hii  life  were,  that  tbe  artists 
there  were  dextrous  in  fabricating  his  astronomical  ma- 
chines; and  besides,  he  could  from  thence  easily  Uam- 
mit  his  leilers  by  the  merchants  into  funrign  coun- 
ries.  Being  now  well  verged  in  all  parts  of  learning,  and 
having  marie  the  utmost  prohcivucy  in  matlumatici,  be 
determined  to  occupy  blln^el^  in  publishing  the  best  of 
the  ancient  authors,  av  well  as  his  own  lucubratioas.  For 
this  purpose  beset  up  a priming- house,  and  formed  a 
nomenclature  of  the  books  he  intended  to  publish,  which 
still  rcmaiits- 

Herc  that  cxccIUmt  man,  Bv*mard  Walther,  one  of  the 
principal  citizens,  wlio  was  well  skilled  in  the  sciences, 
i-specially  astronomy,  cultivated  an  intimacy  with  Regio- 
montanus ; and  as  soon  as  he  understood  those  laudable 
designs  of  his,  he  took  Upon  himself  the  cxpcnsc'of  con- 
structing the  astronomical  instruments,  and  of  erecting  a 
printing-house.  Ami  first  be  ordered  oslrorHimical  rules 
lu  be  roiidc  of  tin,  for  observing  the  altitudes  of  the  sun, 
moon,  aiul  plaiH>is.  He  next  constructetl  a rectangular, 
or  astronomical  radius,  for  taking  the  distance  of  those 
luminaries.  I'brn  an  armtllary  astrolabe,  such  as  was 
used  liy  Ptolemy  and  Hipparchus,  for  observing  the 
places  and  motions  of  the  stars.  Lastly,  he  made  other 
smaller  instruments,  as  the  tnrquet,  and  Ptolemy  s metc- 
oroscope,  with  some  others  which  had  more  of  curiosity 
than  utility  in  them.  From  this  opparatus  it  evidently 
appears,  that  Regiomontanus  was  a most  diligent  observer 
of  the  laws  and  motions  of  the  celestial  bodies,  if  there 
were  not  still  stronger  evidences  of  it  in  the  accounts  of 
tbe  observations  themselves  which  he  marie  with  them. 

With  regaril  to  the  printing-house,  which  was  the  other 
part  of  his  di-sign  in  settling,  at  Noremberg,  as  soon  as 
be  had  completed  it,  he  put  to  presv  two  works  of  his 
own,  and  two  others.  Tbe  latter  were.  The  New  Tbeories 
ofhis  master  Purbach,  and  the  Asironomicon  of  Manilius. 
And  bis  own  wen*,  the  New  Calendar,  in  which  were 
given  (as  he  say/i  in  the  index  of  the  books  which  he  in- 
tended to  publish)  the  true  conjunctions  and  oppoaitions 
of  (be  luminaries,  their  ocli|>srs,  tbrir  true  places  every 
day,  itc.  His  other  work  was  his  Lphemcridc's,  of  which 
he  thus  speaks  in  the  said  index  : **  The  Kphcmeriiles, 
which  IS  vulgarly  called  an  Almanac,  for  30  years : where 
you  may  every  day  see  the  true  motion  of  all  the  planets, 
of  the  moon's  nodes,  with  the  aspect*  of  the  moon  to  the 
sun  and  planets,  the  eclipses  of  the  luminaries;  aiid  in 
the  fronts  of  the  pages  are  marked  the  latitudes.'*  He 
pubiivht'd  also  moat  acute  commentaries  on  Ptolemy's  Al- 
jOHgi'M ; a work  which  cardinal  Bcsvarioii  so  highly  valued, 
that  he  scrupled  n<it  lu  esteem  it  worth  a wiiulc  province. 
He  pri'pared  also  new  versions  of  Ptolemy's  Cwmograpliy; 
and  at  bis  leisure  hours  e.xamincd  and  explained  works  of 
another  nature.  He  inquired  how  hti>h  the  vapours  are 
carried  above  the  earth,  which  ho  fixed  to  be  not  more 
than  12  German  miles.  He  set  down  observations  of  two 
comets  that  appeared  in  the  years  1 17 1 unri  1473. 

In  M74,  pu{>c  Sixtus  ibe  4ib  conceived  a design  of  re- 
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foriiking  the  calontliir;  nnd  »ent  for  Uegiomonlanus  tv  as  arc  comjiosed  of  manynafnt't,  paits,  or  members ; 4m, 
llumc,  as  the  most  proper  ami  able  person  to  accomplish  a b c d &c.-^For  the  raising  an  ii;lia>(e  multi- 
hi»  purpose.  Uegioniontanus  was  %t*rj  unrrilliog  to  iuicr-  nomial  to  any  povser,  or  extracting  any  root  out  of  such 
rupt  the  MudivK,  and  printing  of  bo4>ks,  lie  vsos  engaged  power,  K*e  h tm-tho^l  by  M.  Dcmoivrr,  in  tbc  Fbiiot! 
an  at  Norciiiborg;  but  reft isiug  great  promises  trutn  tbc  Trans.  No.  230.  Sec  also  1’ui.ymomiai.. 
pope,  who  also  for  the  present  named  him  bishop  of  Ra*  MULTIPLE,  Multiplex,  a number  which  compre- 
ttabon,  he  at  length  consented  to  go.  lie  armed  at  Rome  hends  some  other  number  several  times.  Thus,  0 is  a mul- 
in  1473i  bill  died  there  the  year  at\tT,  at  only  40  years  lipleof  2,  this  Iwing  contained  in  6yust  3 times.  Alto 
of  age;  not  without  a suspicion  of  having  Ix'cn  pt'isontrd  12  is  a common  multiple  of  6',  4,  and  3;  conipiebcnding 
by  the  ions  of  George  Trabejsonde,  in  revenge  for  the  the  first  twice,  second  tliricc,  and  the  third  four  times, 
death  of  their  lather,  which  was  said  to  have  been  cnuM*d  Multiple  Ratio  ot  /VojxwTion,  it  that  which  is  between 
by  the  grief  bo  felt  on  account  of  the  criticisms  made  mulu]>ic  numbers  6cc.  If  the  lias  term  of  a ratio  be  an 
by  Regiomontanus  on  bit  lrar.$Ution  of  Ptolemy’s  Alitm-  aliquot  part  nf  the  greater,  the  mtio  of  the  greater  to  the 
gcsl.  le«s  is  railed  multiple;  and  that  of  the  less  to  the  greater 

Piirbach  first  of  any  reduced  the  trigonometrical  tables  submultiple. — A submultiplc  number,  is  that  w inch  is 
of  sines,  from  the  old  scsagitimal  division  of  the  radiu<i,  contained  in  the  multiple.  Thus,  the  numbers  2,  3,  and 
to  the  decimal  scale.  He  supposed  the  radius  to  be  di*  4 are  subinuUipits  of  12  and  24.— -Duple,  triple,  &c  ra- 
vided  into  {>00,000  equal  parts,  and  computed  the  sines  tios;  as  alM>  subduph's,  siibtriplei,  Cec,  arc  so  many 
of  the  arcs  to  every  ten  minutes,  in  such  equal  parts  of  sj>rcies  of  inulitpie  and  submultiplc  ratios, 
the  radius,  by  the  decimal  notation.  Tiiis  project  of  Multiple  Supfrpuriicuiur  Ptt^onion^  is  when  one 
Purbach  was  perfected  by  Regiomontanus ; who  not  only  number  or  quantity  contains  another  moic  than  once,  and 
extruded  the  sines  to  evt-ry  intnuie,  tbc  radius  La-mg  a certain  aliquot  part;  as  10  to  3,  or  3^  to  1. 

600,000,  us  designed  by  Purbneh,  but  afterwards,  dis-  Multiple  5«/»frpflrt/f>iriVo7>ortioa,i»  wlicnonc  num- 
liking  that  scheme,  as  evidently  impeifcct,  he  Computed  ber  or  quantity  contains  another  several  times,  and  suma 
them  likewise  to  tlic  radius  } ,000,0(X),  for  every  minute  of  parts  lx^id(*s ; as  29  lo  (i,  or  4^  In  I , 
the  quadrant.  Regiomonunus  also  introduced  the  tan-  MULTIPLICAND,  is  one  ot  the  two  factors  in  the 
gents  into  trigonometry,  the  canon  of  which  he  called  fulc  of  multiplication,  luing  that  number  given  to  be 
foecunduB,  btcaiise  of  the  many  great  advantages  arising  multiplied  by  the  t/lher,  called  the  muliiplicutor,  or  mill- 
from  them.  Resides  these  thiugs,  he  enricbi^  tiigonu-  tiplier. 

inelry  with  many  theorems  and  precepts.  Indeed,  ex-  MULTIPI .IC.^TION,  is,  iu  general,  the  taking  or  rc- 
cepting  for  the  use  of  logarithms,  the  trigonometry  ofR<*-  pcuiing  of  uni*  number  or  quantity,  called  the  multiplicand, 
giomontunus  is  but  litlle  inferior  to  what  ours  was,  before  ns  often  as  there  arc  units  in  another  number,  called  iho 
fhc  improvements  iniidc  in  it  by  r.ulcr.  His  I'reftiiw.on  multiplier;  and  the  number  or  quantity  resulting  from 
both  Plane  and  Spherical  TngoiMimetry,  is  in  3 books;  the  multiplication,  is  culled  the  product  uf  the  two  fore- 
it  was  written  about  the  year  1464,  and  printed  in  fulio  numlM’ix  or  factors. — Muliiplicalion  is  a rompin- 

8t  Noremberg  in  1.533.  In  the  5lli  book  are  various  pn»-  diuusuddttiun  ; pi  rfortiiing at  once,  what  in  the  usual  way 
blems  Concerning  rectiline.ir  triangles,  some  of  which  are  ad<!itii>n  would  require  many  opemtiorui;  for  the  mul- 
rcsolviHl  by  means  of  algebra  ; a pro<»f  that  this  science  tiplicond  is  only  added  to  itself,  or  repeated,  as  oftePi  ns 
was  not  wholly  unknown  in  Europe  before  the  treatise  of  expressed  by  the  units  in  the  mulitplier.  Thus,  if  6 
Lucas  De  Burgn.  , were  to  be  multiplied  by  5,  the  piuduct  is  30,  which  is 

Regiomontanus  was  author  of  some  other  works  be-  the  sum  arising  from  the  addition  of  the  number  6 livu 
sines  those  already  mentioned.  Pen-i  Ramus,  in  the  uc-  times  to  itself.— In  every  muhipliration,  I is  in  propor- 
count  he  gives  of  the  admirable  works  attempted  und  per-  6un  to  the  mutliplier,  as  the  multiplicand  is  to  the  pro- 
foimcd  by  Regiomomanud,  tells  us,  that  In  liis  workshop  duct. 

at  Noremberg  there  was  an  automaton  in  perpetual  mo-  .Multiplication  is  of  various  kinds,  in  wliole  numbers,  in 
tion  ; that  he  made  an  artificial  lly  which,  taking  its  flight  fractions,  deciinaU,  algebra.  Ate. 

from  his  band,  would  fly  round  the  room,  und  at  last,  ns  L Multiplication  of  fi'holc  Numben^  is  performed 
if  weary,  would  return  to  his  n>ustcr  again;  that  he  fa-  by  the  following  rules  : When  the  multiplier  consists  of 
bricated  an  eagle,  which,  on  the  emperor's  approach,  to  only  one  fi«:urc-,  si't  it  under  the  first,  or  right-hand  figure, 
the  city,  he  sent  out,  high  in  the  air,  a great  way  to  meet  the  multiplicand  ; then,  drawing  a line  under  it,  begin 

him,  and  that  it  kept  him  company  to  the  gales  of  the  *be  said  first  figure,  and  multiply  every  figure  of  the 

city.  Let  115  no  more  wonder,  ad<ls  Ramus,  at  the  dove  multiplicand  by  the  muliiplter ; setting  down  the  several 
of  Archytas,  since  Noremberg  can  show  a fly,  and  an  products  ^low  the  line,  proceeding  orderly  from  right  to 
eagle,  armed  with  geometrical  wings.  Nor  arc  those  left*  But  if  any  ol  these  products  amount  to  10,  or  several 
famous  artificers,  who  were  formerly  in  Greece  and  cither  with  or  without  some  overplus,  then  set  down 

Egypt,  any  longer  of  such  account,  since  Noremberg  can  ”^ly  Ibc  overplus  or  m*i  down  0 if  there  be  none  ; and 
Imast  of  her  Reginmontunuses.  For  Wernerus  first,  and.  carry,  to  the  next  product,  as  amny  units  as  die  former 
then  the  Schoneri,  father  and  son,  afterwards,  revived  contained  of  lens.  1 hus,  to  iitultiply  33092  by  4. 
the  spirit  of  Regiomontanus.  Multiplicand  33092 

MULTANGULAR  Figure,  is  one  that  has  many  an-  Multiplier  4 

gles,  and  consequently  many  sides  also.  These  arc  other-  Product  M0368 

wise  called  polygons.  Wbm  the  multiplier  consists  of  several  figure's,  multiply 

MULTILATLR.AL  Fiourbs,  arc  such  as  have  many  the  multiplicand  by  each  figure  of  it,  as  before,  and  place 
•ides,  or  more  than  four  sides.  the  several  lines  of  products  below  each  other  in  luch  or- 

MULTINOMIAL,  or  Multinomial  Roots,  arc  such  dcr,  that  the  first  figure  of  each  line  may  fallMraight  ua- 
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der  iu  respective  multiplier,  or  multiplying  tlgurc ; then 
add  these  several  lines  of  pniducts  together,  as  they  stand, 
and  the  sum  of  them  uli  will  be  the  product  of  the  whole 
multiplication.  Th ds,  to  multiply  63017  by  ^6 : 


Multiplicand 
Multiplier 
Product  of  63017  by  6 
Product  of  63017  by  30 
Product  of  63017  by  200 
Whole  product 


63017 
236 
378102 
189051 
1!26034 
U8720I2 


The  several  lines  of  products  may  he  set  down  in  any 
order,  or  any  of  them  hrsi,  ^d  any  other  of  them  second, 
&c ; Silt  the  order  of  placing  them  can  make  no  difference 
in  the  sum  total.  There  ure  many  abbreviations,  and  jM?- 
cnliar  cases,  Recording  to  circumstances,  which  may  be 
seen  in  most  books  of  arithmetic.  The  mark  or  character 
now  used  for  multiplication,  is  either  the  x cross,  or  a 
single  ptiiiit  . ; the  former  being  introduced  by  Oughtred, 
and  the  laltcr  I think  by  Leibnitz. 

7b  hotc  Multiplication,  This  may  be  done  va» 
rious  ways  ; either  by  dividing  the  product  by  the  rauhi> 
plicr,  then  the  quotient  will  be  equal  to  the  multiplicand; 
or  divide  the  :>ame  product  by  the  multiplicand,  and  the 
quotient  will  come  out  e<}ual  to  the  multiplier : or  in  ge> 
iieml  divide  the  product  by  either  of  the  two  factors,  and 
the  quotumt  will  be  equal  to  the  other  factor,  when  the 
operations  are  all  right.  Hut  the  more  usual,  and  com* 
pendious  way  of  proving  multiplication,  is  by  what  is 
called  the  cross,  by  casting  out  the  nines;  which  U performed 
thus:  Add  the  figures  of  the  multiplicand  all  together, 
and  as  often  as  the  sum  amounts  to  9,  reject  it,  and  set 
down  the  last  overplus  as  in  the  margin; 
this  in  the  foregoing  example  is  8.  Then  7 

do  the  same  by  the  muliiplicr,  setting 
down  the  last  overplus,  which  is  2,  on  the  8 2 

right  of  the  former  remainder  8.  Next  " 
multiply  these  two  remainders,  2 and  8,  7 

together,  and  from  their  product  l6,  cast 
out  the  9,  and  there  remains  7,  which  set  down  over  the 
two  former.  Lastly,  add  up,  in  the  same  manner,  all  the 
figures  of  the  whole  product  of  the  multiplication,  viz 
14872012,  casting  out  the  9‘s,  and  then  there  remains  7, 
to  beset  down  under  the  two  first  remainders.  Thus  when 
the  figure  at  top,  is  the  same  as  that  at  bottom,  as  they 
are  here  both  7's,  the  work  it  may  he  presumed  is  right; 
but  if  these  tiro  figures  should  rtol  be  the  same,  it  is  cer- 
tainly wrong. 

The  above  method  of  proving  multiplication  depends 
on  a particular  property  of  the  number  9 • which  is  this. 
If  the  sum  of  the  digits  of  any  number  be  divisible  by  9t 
the  number  itself  Is  also  divisible  by  9;  and  consequently 
tlte  sum  of  the  digits  of  any  number  In  ing  divided  by  9* 
leaves  the  same  remainder  as  the  number  itself  wbe'n  di- 
vided by  9.  Another  method  Is  derived  from  a peculiar 
property  of  the  number  11,  which  is  this.  When  a num- 
U-r  h divisible  by  11,  the  sum  of  the  1st,  3d,  &c,  digits, 
is  equal  to  the  »um  of  the  2d,  4th,  i^tc,  digits,  or  the  one 
CNCccds  the  other  by  some  exact  multiple  of  11.  Con- 
S4>i|uently  nny  number  whatever  when  diuded  by  II,  will 
leave  the  Hame  remainder  a'  the  difference  of  the  two  sums 
when  divided  by  that  number;  observing  always  to  sub- 
tract the  latter  sum  from  the  former,  or  from  the  former 
plus  some  multiple  of  11,  when  the  sum  of  the  digit’s  in  the 
.2d,  4th,  ^c,  places  is  the  greatest.  Wheuce  the  folluwiug 


rule.  Cast  all  the  1 1's  out  of  the  suips  of  the  digits,  both 
in  the  oven  and  odd  places  of  the  multiplicand,  and  sub- 
tract the  former  remainder  from  the  latter,  or  from  the 
latter  plus  11,  and  reserve  the  difiercncc;  do  c.\actly  the 
same  with  the  multiplier  and  product.  Multiply  the  two 
first  differences  together,  and  cast  ail  the  ll’s  out  of  the  re- 
sult, so  shnil  this  last  remainder  be  the  same  as  that  be- 
fore found  in  the  product,  if  the  work  be  right.  Thus  in 
the  above  example : 


Sum  of  odd  7 
digits  ) 
Sum  of  even  7 
digits  j 
Differences 


Mulu|>h<’. 

)3 


.^IuUipl>ef  Pmdtict 
8 13 


1 


And  the  product  9 5 -7-  II,  leaving  the  remainder  I, 

which  being  the  same  as  the  remainder  of  the  product, 
indicaU-s  that  the  work  is  right.  • 

2.  To  Multiply  Jloney^  or  ta»y  otMer  things  consiuif^  qf 
different  Denominuiiom  together,  by  any  number,  usually 
called  Compound  MultipUcaiion,  liegtn  at  the  lowest  de- 
nomination, and  multiply  the  numlxT  of  each  name  sepa- 
rately by  the  multiplier,  setting  down  the  products  below 
them.  Rut  if  any  of  those  products  amount  to  as  much 
as  1 or  more  of  the  next  higher  dcnominatiuiis,  cany  so 
many  to  the  next  product,  and  set  down  only  the  overplus. 

If  the  multiplier  exceeds  12,  then  resolve  it  into  its 
factors,  if  it  be  a compound  number;  and  multiply  suc- 
cessively by  those  factors  ; but  if  the  given  multiplier  be 
not  a compound  number,  then  resolve  the  next  greeter  or 
less  compound  number  into  its  factors,  and  multiply  with 
those  factors  as  above;  and  from  the  result  deduct,  nr  add, 
so  many  times  the  multiplicand,  as  this  last  compounded 
number  is  greater  or  less  than  the  given  multiplier.  Also 
if  there  arc  fractional  parts  in  the  given  multiplier,  take 
such  parts  of  the  multiplicand  as  these  are  of  a unit,  which 
added  to  the  product  will  give  the  answer  sought;  as  will 
appear  in  the  following  exaroplei. 


Ex.1.  Muliipljr  if.  iss-  4’d. 
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3.  To  Multiply  Vulgar  Fractions. — Multiply  all  the  given 
numerators  together  for  the  numerator, and  all  the  denomi- 
nators together  for  the  denominator  of  the  product  sought. 

Thus,  I multiplied  by  or  } » $ = rr* 

And  -f  * i * I = tA* 

And  here  It  may  be  noted  that,  when  there  are  any 
common  numbers  in  the  numerators  and  denominators, 
these  may  be  omitted  in  both,  which  will  make  the  opera- 
tion shorter,  and  bring  out  the  w hole  product  in  a fraction 
much  simpler  or  in  lower  terms.  Thus, 

* X ^ X become  IT*  leaving  out  the 

two  3's.  , 

Also,  when  any  mimcraiors  and  dcnoroinitors  will  hotk 
abbreviate  or  divide  by  one  anti  the  same  number,  let  (hen 
be  divided,  and  the  quotients  used  lo^tcad  of  them.  So, 
in  the  above  example,  after  omitting  the  two  3S,  let  the  2 
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and  6 be  both  dUided  by  2.  and  uscttiequoliont*  I and  3 
iittlead  of  ibem.so  shaU  ihu  expression  become 
LJL2  — BS  before. 

4.  To  AluUiply  Peci»aU.^}ti\i\Uii\y  the  given  numberi 
together  the  same  as  if  they  were  t^holc 
numbers*  and  point  olf  as  iiiiiny  decimals 
in  the  whole  product  as  there  are  in  boih 
factors  ; as  in  the  annexed  example,  wberc 
the  number  of  decimals  is  five,  because 
there  aie  tbYre  in  the  multiplicund,  and 
two  in  the  multiplier.  — When  it  happens 
that  there  arc  not  so  many  figure*  in  the 
product  as  arc  etjual  to  the  number  ol  de- 
cimals in  both  laclors,  then  prefix  as  many  ciphert  as 
will  supply  the  defect. 

5.  Crow  MuLTtPLiCATiow,  otherwise  called  Daorfcci- 

mol  AiufimetiCf  is  the  multiplying  of  numbers  together 
whose  subdivisions  procet  d by  12’s  ; as  feet,  inches,  and 
paru,  that  is  12th*parts,  &c ; a rule  of  frequent  use  in 
squaring,  or  multiplying  together  the  dirornsiuns  of  the 
works  of  bricklayers,  carpenters,  and  other 
artificers.  Fttr  Example.  To  multiply  3 feet  5^"  3®* 

3 inches  by  2 feel  4 inches.  Set  them  down  ? 4 

as  in  the  margin,  uud  multiply  all  the  parts  of  5' 

tbc  multiplicand  by  each  pari  of  the  multi-  I «) 
plicr;  thus,  2 tinu'S  3 make  6 inches,  and  2 J 

limes  5 make  10  feel ; then  4 times  3 make 

12  parts,  or  1 inch  to  carry;  and  4 times  $ make  20,  and 
1 to  carry  makes  21  inches,or  I f.  y inc.  to  set  down  below 
ihc  former  line:  I.astly  adding  the  two  lines  together,  the 
whole  sum  or  product  aniuuiiis  to  12  f.  3 inch.— Sc-e  Duo- 
decimals. 

6.  MuLTiPLiCATiojf  la  Al^hra.  This  is  performed, 
1.  When  the  quantities  arc  simple,  by  only  joining  the 
letters  together  like  a word  ; and  if  the  simple  quantities 
have  any  cocfiicients  or  numbers  joined  w ith  them,  mul- 
tiply the  nuqibt  rs  logeiher.and  prefix  the  product  of  them 
to  i^c  letters  so  joined  together.  But,  in  algebra,  we  have 
not  only  to  attend  to  the  quantities  themselves,  but  also 
to  the  signs  of  them ; and  the  general  rule  for  the  signs  is 
this : When  the  signs  are  alike,  or  the  same,  cither  both 

or  both  — , then  the  sign  of  the  product  will  always  be 
; but  when  the  signs  arc  different,  or  unlike,  the  one 
+ , and  the  other  then  the  sign  of  the  product  will  be 
— , . Hence  these 

Examples. 

Mult.  a •~2a  ' -h  6x  - Hx  - 3a6 

By  .*-4  — — 3«  5«  — 5flc 

Products  ^ ub  Httb  — ISfiJ  — 40ox-  15«*bc 

2.  In  compound  quantities,  multiply  every  term  or  part 
of  the  multiplicand  by  each  term  separately  of  the  multi- 
plier, and  set  down  all  the  products  with  their  signs,  col- 
lecting always  into  one  sum  as  many  terms  as  arc  similar 
or  like  to  one  another.  And  it  is  usual  in  algebra,  to  be- 
gin to  multiply  on  the  left  hand,  and  thence  proceed  to- 
wards the  right ; being  directly  contrary  to  the  method  in 
multiplication  of  numbers. 

Examples. 

a b fl— 6 ^ h 

« .*.  4 a — b o — 

4^  ^ o4  a*  — a®  ^ ab 

-t-  ab  ab  -4-  b*  — gi  — A* 

o^TlabTT*  ^^ab  -hb*'  * -^b* 


2o  — tb  2a  4x  a*  — ax 

-*■  bb  2a  — 4x  2«  2x 

irt*  — Tigi  4«®  > 8ax  2o^  — 2<i*x 

lOqb—  15^*  — Sox  — ifijr  2«*x  — 2«x' 

Sn*  — ixb  - 1 bb*  W . — l6x^  2o-*  « - 2ax* 

3.  In  surd  quantities,  if  the  terms  can  be  rwluccd  to  a 
common  surd,  the  quantities  under  each  may  be  multi- 
plied together,  and  the  mark  of  the  same  surd  prefixed  to 
the  product ; but  if  not,  then  the  differenl  surds  may  be 
set  down  with  the  mark  of  multiplication  between  them, 
to  denote  their  product. 

Examples. 

7 s/ax  ' s/7  V7ab  6rt^2cr 

b^cx  s/b  \/bac  s/  *^v/3flx 

V35  ^2ftg*6c  y/Stfo*  = 6'g  4 2g6y^t)gcx® 

4.  Powers  or  roots  of  the  same  quantity  arc  rouluplicd 
together,  by  adding  their  exponents. 

Thus,  o®  X = g*;  and  (a  x)®  x (a  -i-  x)*  = (a  -4-x)^i 

also  X*  X xi  =s  x^;  and  x al  = a'  or  a. 

To  Numbert  iofrether  by  Logar»f*au.— This  is 

performed  by  adding  togciher  the  logarilbms  of  the  given 
numbers,  and  taking  tbc  number  answering  to  that  sura, 
which  will  be  the  product  sought. 

Descartes,  at  the  beginning  of  his  Geometry,  performs 
multiplication  (and  indeed  all  the  other  common  arithme- 
tical rules)  in  geometry,  or  by  lines ; but  this  is  no  more 
than  taking  a 4th  prr>portional  to  three  given  lines,  of 
which  the  first  represents  unity,  and  the  2d  and  3d  the  two 
fttctors  or  terms  to  be  multiplied,  the  product  being  ex- 
pressed  by  ihc4lh  proportional ; because,  in  every  multi- 
plication, unity  or  1 is  to  either  of  the  two  factors,  as  the 
other  factor  is  to  the  product. 

MULTIPLtER,  or  Multiplicator,  is  the  number  or 
quantity  which  multipliesanolhcr.called  the  multiplicand, 
in  any  operation  of  mulliplicaiion. 

MUNSTER  (Sebastian),  an  eminent  German  divine 
and  mathematician,  was  born  at  Ingelheire  in  I48p.  At 
the  age  of  14  he  was  sent  to  Heidelberg  to  study.  Two 
years  after,  beentered  the  convent  of  the  Cordeliers;  where 
be  aiaiduously  studied  divinity,  mathematics,  and  geogra- 
phy. He  was  the  first  who  published  a Chaldee  Grammar 
and  I>?xicon;  and  he  shortly  after  produced  a Talmudic 
Dictionary.  He  afterwards  became  professor  of  the  He- 
brew language  at  Basil.  He  was  one  ol  the  first  who  at- 
tached himself  to  I.uthcr,  and  cmbr^ced  Rroiestantisni : 
yet  liehaved  himself  with  great  moderation ; never  cou- 
crriiing  himself  with  their  disputes  ; but  shut  himself  up 
at  home  and  pursued  his  favourite  studies,  which  wcic 
mathematics,  natural  philosophy,  with  the  Hebi-cw  and 
other  Oriental  languages.  He  published  a great  number 
of  btH>k8  on  these  subjects;  particularly,  a Latin  version, 
from  the  Hebrew,  of  all  the  books  of  Uk.*  Old  Testament, 
with  leariu*d  notes,  printed  at  Basil  in  1334  and  15'i6; 
Josephus's  History  of  the  Jews  in  l^itin  ; a Treatise  of 
Dialling,  in/olio,  153b;  Universal  Cosmography,  in  6’ 
books  folio,  Basil  1550.  For  thcs«*  works  he  was  styled 
the  German  Strabo ; as  he  was  the  German  Esdrns,  for  his 
Oriental  writings. 

Munster  was  a meek,  pacific,  studious,  retired  man, 
who  wrote  a gnat  number  of  books,  but  never  meddled  in 
controversy.— He  died  of  the  plague  at  Basil,  in  1552,  «t 
63  years  of  age. 

MURALrWrcA,or  Inktrumoot,  or  Quadrant,  is  one  that 
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i«  against  a wall  or  pillar,  such  as  is  employed  in 
fixed  obuTvaloric'S. 

ML'HDKKfJlS,  a small  species  of  ordnance  oner  used 

on  shipboard;  but  now  out  of  use. 

MUSIC,  tlie  science  of  sound,  considered  os  capable  of 
producing  melody,  > or  harmony.  Among  the  ancients, 
music  was  taken  in  a much  more  extensive  sense  than 
among  the  moderns:  what  wo  call  the  science  of  music, 
was  by  the  ancienA  rather  called  llarmfinica. 

Music  is  one  of  the  seven  sciences  called  liberal,  and 
coinprehendrsi  also  among  the  mathemnlical  sciences,  as 
having  for  its  object  discrete  quaniMy  or  number;  not 
however  considering  it  in  tbc  abstract,  like  arithmetic; 
but  in  relation  to  lime  and  sound,  with  intent  to  consti- 
tute a delightful  melody. 

This  science  is  also  *l*heoretical  and  Practical.  Theo- 
retical, which  examines  the  nature  and  propetlii*s  of  con- 
cords anil  discords,  explaining  the  pru|>oriions  between 
them  by  numbers.  And  Practical,  which  leaches  nut 
only  composition,  or  the  manner  of  composing  tunes,  or 
airs ; but  also  the  art  of  singing  with  the  voice,  and  play- 
ing on  musical  instruments. 

It  appears  that  music  was  one  of  the  most  ancient  of  tho 
arts;  and,  of  all  others,  vocal  inuMv  must  doubtU«  have 
been  the  6rst  kind.  For  man  hod  nut  only  the  various 
tunes  of  his  own  voice  to  make  his  observations  on,  before 
any  other  art  or  instrument  was  invented,  but  had  the 
various  natural  strains  of  birds  to  give  him  occasion  to 
improve  his  own  voice,  and  the  niudulalinns  of  sounds  it 
was  capable  of.  The  first  invention  of  wind  instruments 
I.ucrrlius  ascribes  to  the  observation  of  the  winds  whis- 
tling in  the  hollow  reeds.  As  for  other  kinds  of  instru- 
ments, there  were  so  many  occasions  for  cords  or  strings, 
that  men  could  not  be  long  in  observing  tbiir  various 
sounds;  which  might  give  rise  to  stringed  inslrunicnls. 
And  for  ibe  pulsative  instruments,  as  drums  and  cymbals, 
they  might  ansc  from  the  observation  of  tho  naturally  hol- 
low noise  of  concave  bodies. 

As  to  the  inveotors  and  improvers  of  music,  Plutarch, 
in  one  place,  ascribes  the  first  invention  of  it  to  Apollo; 
and  in  another  place  to  Aropbion,  the  son  of  Jupiter  and 
Aiiliopi'.  'Hie  latter  indeed,  it  is  generally  allowed,  first 
brought  music  into  Greece,  and  invented  the  lyre.  To  him 
succeeded  Chiron,  the  demigod;  then  Demodocus;  iJermes 
Tnsmegistus;  Olympus;  and  Orpheus,  whom  some  make 
the  first  introducer  of  music  into  Greece,  and  the  inventor 
of  the  lyre:  to  whom  they  add  Phrinitis,  Thales,  and 
Tbamgris,  who,  it  has  beenssaid.  was  the  first  inventor  of 
instrumental  music  without  singing. 

These  were  tliceminent  musicians  before  Homer’s  time: 
others  of  a later  dale  were,  Terpandcr,  who  was  contem- 
porary with  Lycurgus,  and  set  his  laws  to  music;  to 
whom  also  some  attribute  the  first  institution  of  musical 
modes,  and  the>invcntion  of  tbc  lyre:  also,  l.asus  Hcr- 
mionensis,  Melanippides,  Philoxenus,  Timotbeus,  Pbryn- 
nis,  Epiguiiius,  I.ysander,  Simmicus,  and  Diodorus  ; who 
were  all  of  them  considerable  improvers  of  music.  Lasu', 
it  is  said,  was  (he  tint  author  who  wrote  upon  music,  in 
the  time  of  Darius  Hystaspis;  Kpigonius  invented  an  in- 
strument of  40  strings,  railed  the  Kpigonium.  Simmicus 
also  invented  an  instrument  of  33  strings,  called  a Simmi- 
cium  ; Diodorus  improved  the  tibia,  by  adding  new  boles; 
and  Timotheus  the  lyre,  by  adding  a new  string;  for 
which  he  was  fined  by  the  L^demoaians. 

As  the  accounts  we  have  of  the  inventors  of  musical  in- 
VoL.  II. 


stmments  among  tbc  ancients  are  very  obscure,  to  also  are 
the  accounts  of  those  instruments  tbetnselves ; of  most  of 
them  indeed  wc  know  little  more  than  the  bare  names. 
The  general  division  of  instruments  is,  into  stringed  in- 
struments, wind  instruments,  and  those  of  the  pulsatile 
kind.  Of  stringed  idstrumcnis,  mention  is  made  of  the 
lyra  nr  cithara,  the  psaltcrium,  trigonum,sarobuca,pectis, 
magas,  barbiton,  testudo,  epiguniuro,  siromicium,  and  pan- 
deron;  which  were  all  struck  with  the  hand,  or  a plec- 
trum. Of  wind  instruments,  were  the  tibia,  fistula,  hy- 
draulic organs,  tub«,  cornua,  and  lituus.  And  the  pul- 
satile instruments  were  the  tympanum,  cymbalun,  crep- 
taculum,  tintinnabulum,  crotalum,and  sistnim. 

Music  has  ever  been  in  the  highest  esteem  in  all  ages, 
and  among  all  people;  nor  could  authors  express  their 
opinion  of  it  strongly  enough,  but  by  inculcating  that  it 
w as  used  in  heaven,  aud  as  one  of  the  principal  entertain- 
ments of  the  gods,  and  tbc  souls  of  the  blessed.  The 
efiects  ascribed  to  it  by  the  ancients  are  almost  miracu- 
lous: by  its  means,  it  has  been  said,  diseases  have  been 
cureil,  unchastity  corrected,  seditions  quelled,  passions 
raised  and  calmed,  and  madness  occasioned.  Athe- 
ricus  assures  us,  that  anciently  all  laws,  divine  and  civil, 
exbortatums  to  virtue,  the  knowledge  of  divine  and  human 
things,  with  the  lives  and  actions  of  Illustrious  men,  were 
written  in  verve,  and  publicly  sung  by  a chorus  to  tho 
sound  of  instruments;  which  was  found  the  most  effectual 
means  to  impress  morality  on  the  minds  of  men,  aud  a 
right  senve  of  their  duty. 

Dr.  Wallis  has  endeavoured  to  account  for  the  sur- 
prising effects  attributed  to  tbc  ancient  music ; and  ascribes 
them  chielly  to  the  novelty  of  the  art,  and  the  hyperboles 
of  the  ancient  writings : nor  dtx‘s  he  doubt,  but  the  mo- 
dern music,  in  like  cases,  would  prodoce  effects  at  least  as 
considerable  as  the  ancient.  Tbc  (ruth  is,  wc  can  match 
most  of  the  ancient  stories  of  this  kind  in  the  modem  his- 
tories. If  Timotheus  could  excite  Alexander’s  fury  with 
the  Phrygian  mode,  and  soothe  him  into  indolence  with 
tbc  Lydian ; a more  modern  musician  has  driven  Eric, 
king  of  Denmark,  into  such  a rage,  as  to  kill  bis  best  ser- 
vants. Dr.  Niewentyt  speaks  of  an  Italian  who,  by  vary- 
ing bis  music  from  brisk  to  solemn,  and  the  contrary,* 
could  so  move  the  sou),  as  to  cause  distraction  and  mad- 
ness; and  Dr.  South  has  founded  his  poem,  called  Mu- 
sica  Incan(ant,on  an  instance  he  knew  of  the  same  kind. 

Music  however  is  found  not  only  to  exert  its  force  on 
(lie  afiections,  but  ou  (be  parts  of  the  body  also  : witness 
the  Gascon  knight,  mentioned  by  Mr.  Boyle,  who  could 
not  contain  his  water  at  the  playing  of  a bagpipe;  and 
tbc  woman,  menlioned  by  the  same  author,  who  would 
burst  into  lean  at  (he  bearing  of  a certain  tune,  with 
which  other  people  were  but  a little  affected.  To  say 
nothing  of  the  trite  stor}’  of  the  Tarantula,  we  have  an  in- 
stance, in  (he  History  of  the  Academy  of  Sciences,  of  a 
ipusician  being  cured  of  a violent  fevrr,  by  a little  concert 
occasionally  played  in  his  room. 

Norare  our  minds  and  bodies  alone  affected  with  sounds, 
but  even  inanimate  bodies  are  so.  Kircher  speaks  of  a 
large  stone,  that  would  tremble  at  the  sound  of  one  par- 
ticdlar  organ  pipe;  and  Morhoff  mentions  one  Fetter,  a 
Dutchman,  who  could  break  rummer-glasses  with  the  tone 
of  hit  voice.  Mcrseniie  also  mentions  a particular  part 
of  a pavement,  that  would  shake  and  tremble,  as  if  the 
earth  would  open,  when  the  organs  piaved.  Mr.  Boyle 
adds,  that  scats  will  tremble  at  the  soun ^ of  organs ; that 
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l)C  hu»  felt  bis  bmt  do  so  under  his  band,  M cortoin  notrs 
both  of  organs  and  discourse ; and  that  be  was  well  in* 
formed  every  welNbuih  vault  w.'^uld  thus  answer  to  some 
determinate  note. 

It  has  been  .disputed  among  the  leametl,  whether  the 
ancients  or  moderns  best  understood  and  practised  nuo>ic. 
Some  maintain  that  the  aijcient  art  of  music,  by  which 
sucb  wonderful  effects  were  performed,  u quite  lost ; and 
others,  that  the  true  science  of  harmony  is  now  arrived  at 
much  greater  perfection  than  was  known  or  practised 
among  the  ancients.  This  point  sroins  no  otber  way  to 
be  determinable  but  by  comparing  the  principles  and  prtic- 
lice  of  the  one  with  th^»>e  of  the  other.  As  to  the  theory 
or  principles  of  harmonics,  it  is  certain  we  understand  it 
better  than  the  ancients;  because  wc  know  all  that  they 
knew,  and  have  improved  considerably  on  their  founda« 
lions.  l*he  great  dispute  then  lies  on  the  practice  ; with 
regard  to  which  it  may  be  observed,  that  among  the  an* 
cients,  music,  in  the  most  limited  si-nse  of  the  word,  in-  • 
eluded  harmony,  rythmus,  and  verse;  and  consisted  of 
verses  sung  by  one  or  more  voices  alternately,  nr  in  choirs, 
sometimes  with  the  sound  of  instruments,  and  sometimes 
by  voices  only.  Their  musical  faculties,  wo  have  Just  ob> 
served,  were  mclopmia,  rythmopceia,  and  poesis;  the  first 
of  which  may  be  considered  under  two  heads,  melody  and 
symphony.  As  to  the  latter,  it  seems  to  contain  nothing 
but  what  relates  to  the  conduct  of  a single  voice,  nr  ma- 
king what  wc  call  melody.  It  does  not  appear  that  the  an- 
cients ever  thought  of  the  concert,  or  harmony  of  purls; 
wrbich  is  a modern  invention,  for  which  wc  arc  bchijlden 
to  Qsiido  Aretine,  a Benedictine  friar. 

Not  that  the  ancients  never  joined  more  voices  or  in- 
strumi-nts  than  one  in  the  same  symphony ; but  that  (hey 
never  joined  several  voices  so  as  iliat  each  bad  a distinct 
and  proper  melody,  which  made  among  them  a succession 
of  various  conccirds,  and  were  not  in  every  note  unisons, 
or  at  the  same  distance>from  each  other  as  octaves.  This 
last  indeed  aglet's  to  the  genera)  definition  of  the  word 
symphunia;  y^-t  it  is  plain  that  in  such  casts  there  is  but 
one  song,  and  all  the  voices  pcrforiu  the  same  individual 
melody.  But  when  the  parts  didcr.nol  by  the  tension  of  the 
whole,  but  by  the  different  relations  of  the  successive 
notes,  this  is  the  modern  art,  which  requires  so  piculiara 
cenios,  and  on  which  account  the  modern  music  seems  to 
nave  much  die  advantage  of  the  ancient.  For  further  sa- 
tisfaction on  this  head,  see  Kircher,  Perrault,  Wallis,  Mal- 
colm, Cerceau,  and  others;  who  unanimously  agree,  that 
after  all  the  pains  they  have  taken  to  know  the  true  state 
of  the  music  of  the  ancients,  they  could  not  find  the  least 
reason  Co  think  there  was  any  such  thing  in  their  days  os 
music  in  parts. 

The  ancient  musical  notes  are  very  mysterious  and  per- 
plexed: Boethius  and  Gregory  the  Great  first  put  them 
into  a more  easy  and  obvious  method.  In  the  year 
Guido  Aretine, a Benedictine  of  Arcsxo  in  Tuscany,  first 
introduced  the  use  of  a staff  with  five  lines,  on  which, 
with  the  spaces,  he  marked  his  notes  by  setting  a point  up 
and  down  upon  them,  to  denote  the  rise  and  fall  of  the 
voice : though  Kircher  says  this  artifice  was  in  use  before 
Guido's  time. 

Another  contrivance  of  Guido's  was  to  apply  the  six 
^llablrs,  Hi,  rr,  an',/u,  so/,  la,  which  he  took  out  of  the 
l^tin  hymn, 

UT  queant  taNis  HKsoniin'  fihris 

Mira  gestorum  T'AmuIi  luurum, 


] 

JiOLve  polittli  LAbii  rratum, 

O Pater  Alme. . 

We  find  another  application  of  them  in  the  following  line*. 

UT  RKlevet  Mlseruin  FAtum,  SOLitosque  LAborrs 
Aevi,  sit  dulcis  musica  nosier  amor. 

Besides  his  notes  of  music,  by  which,  according  to  Kir- 
chcr,  he  distinguished  the  tones,  or  modes,  and  the  scats 
of  the  semitones,  be  also  invented  tlie  scale,  and  several 
musical  instruments,  called  polypleclrf,  as  spinets  and 
barpaicliorda.  * 

The  next  considerable  improvement  was  iu  1330,  when 
Joannes  Muria,  or  dc  Muris,  doctor  at  Parts  (or  as  BayW 
andGesner  make  him,  an  Englishman),  invented  the*dif- 
ferent  figures  of  XK>tes,  which  express  the  times  or  length 
of  every  note,  at  least  their  true  relative  proportit>iis 
to  one  another,  now  called  kmgs,  breves,  scmi-brevcs, 
crotchets,  quavers,  &c. 

The  most  ancient  w riter  on  music  was  Lasus  Hermio- 
nensis ; but  his  works,  as  well  as  those  of  many  others, 
both  Greek  and  Roman,  are  lost.  Aristoxrnus,  divciple 
of  Aristutlo,  is  the  earlii-st  author  extant  on  the  subject : 
after  whom  came  Euclid,  author  of  the  Elements  of  Geo- 
metry ; and  Aristidts  Qointilianus  wrote  after  Cicero’s 
time.  Alypius  stands  ncNt;  afu  r him  Gaudemius  the 
philosopher,  and  Nicuraachus  the  Pythagorean,  and  Bac- 
chius.  Of  which  seven  Greek  authors  wc  have  a fair 
Copy,  with  a translation  and  notes,  by  Meibomius.  Pto- 
lemy, the  celebrated  astronomer,  wrote  in  Grttrk  on  the 
principles  of  harmonics,  about  the  time  of  the  emperor 
Antoirinui  Pius.  Tins  author  keeps  a medium  U tween 
the  Pythagoreans  and  Aristo.xrnians.  lie  was  succeeded 
at  a considerable  distance  by  Manuel  Bryennius. 

Of  the  Latins,  we  have  Bm  lius,  who  wrote  in  the  time 
of  Theoduric  tlic  Goth  ; and  one  Cassiodorus,  about  (he 
same  time;  Marlianus.  and  St.  Augtistinr,  not  far  remote^ 
And  of  the  inodertw  aie  Zarlin,  SaUiias,  Vincenzo  Galileo, 
Doni,  *Kircher,  Mersenne,  Paran,  De  Chux,  PerrauJl^ 
Dt'seartrs,  Wallis,  Holder,  Malcolm,  Rousseau,  Ac. 

Musical  Sum^rt,  are  the  numbers  3,  3,  and  5,  toge- 
ther with  Uicir  composites.  They  are  so  called,  becauso 
all  the  intervals  of  music  may  be  expressed  by  such  num- 
bori.  I1iis  is  now  gem-rally  admitted  by  musical  theorists. 
Mr.  Euler  sewns  to  suppose,  thiU  7 or  other  priuM's  might  bo 
irstroduced  ; but  he  speaks  of  this  as  a doubtful  and  diffi- 
cult matter.  Here  2 corri'sponds  to  the  octave,  3 to  the 
fifth,  or  rather  to  the  l‘2th,  and  5 to  the  third  major,  or 
rather  the  srveuternth.  From  these  three  may  all  otber 
intervals  be  found. 

Musical  Proportion,  or  Harmonica)  Proportion,  is 
when,  of  four  terms,  the  first  is  to  the  4th,  as  the  differ- 
ence of  the  1st  and  2d  is  to  the  difference  of  the  3d  and 
4th  : as  2,  3*  *^d  8 are  in  niu&ical  proportion,  becau>c 

2 : 8 : : 1 : 4.  And  hence,  if  there  only  three  terms, 
the  middle  term  supplying  the  place  of  both  tlic  2d  and 
'3d,  the  1st  is  to  the  3d,  as  the  difierence  of  the  1st  and 
2d,  is  to  the  diflen-nce  of  the  2d  and  3d  : os  in  tbc*sc  2.  3, 
ff;  where  2:6::  1:3.  Sec  HaumonicaL  Proportion. 

MUSSCHENBROEK  (Pltek),  a very  distinguished 
natural  philosopher  and  inatheinaticiun,  was  born  at 
Utrecht  about  the  year  17U0.  He  was  first  professor  of 
these  sciences  in  his  own  university,  and  was  afterwards 
invited  to  the  chair  at  Lrydvn,  which  he  filk-d  with  repu- 
lation  and  honour  till  his  death,  which  hitppem'd  in  l/Ol. 
He  was  a member  ok  several  academics,  particularly  tho 
Academy  of  Sciences  at  Paris.  He  published  scv'cia) 
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wiitks  in  Latin,  all  of  them  displaying  bis  grc^t  pcOL'tfttioii 
mild  accuracy.  Aa,  ^ 

U His  Dements  of  PhysicO'Mathcmaiics^  in  1726* 

2.  Llemerrls  of  Physics,  in  173^. 

3.  (nstiiutiuns  uf»  Physics;  containing  an  abridgment 
of  thi-  new  discoveries  made  by  tlie  moderns;  in  1746. 

4.  Introduction  to  Natural  Philosophy;  which  he  le> 

gam  to  prim  in  17^0;  and  which  was  completed  and  pub> 
lithcd  at  Leyden,  in  176^,  by  M.  Lulofs,  after  the  death 
of  thu  author,  it  was  translated  into  French  by  M. 
isigaud  Delafotid^  and  publishi'd  at  Paris  in  17l^9>  3 vols. 

4to ; umlor  the  title  of  A Course  of  E-xperimental  and 
Mathematical  Physics. 


He  had  also  several  papers,  chiefly  on  meteoroingy, 
pointed  in  the  volumes  of  Memoirs  of  the  Academy  of 
Sciences,  via,  in  those  of  the  years  1734, 1735, 17S6, 1753, 
1756,  and  1760. 

MUTULE,  a kind  of  s<^uare  modillion  in  the  Doric 
frise. 

MVOPS,  one  who  is  near*sigbted,  or  purblind,  from 
whatever  cause  it  may  happen;  either  6rom  too  great  a 
convexity  of  the  cornea,  or  from  too  great  length  of  the 
bulb,  &c,  causing  the  adunation  of  the  rays  of  light  in 
a focus  tM'forc  the  retina. 

MVIUAD,  the  number  of  10,000,  or  ten  thousand. 
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his  narac,  which  becan  on  Wt*dncsday  February  2f)th  in 
the  39^‘7tli  year  of  the  Julian  period,  or  747  ycurs  before 
Christ;  the  years  of  this  epoch  brtfig  Egyptian  ones,  of 
365  days  each.  This  is  a remarkable  era  in  chronology, 
because  Ptolumy  ossiires  us  there  were  astronomical  ob> 
sersations  made  by  the  Chaldeans  fnim  Nabonassar  to  his 
lime;  also  Ptoleniy,  and  the  other  astrunomuit,  account 
their  years  from  that  epoch. 

I'he  Babylonians  having  revolted  from  the  Medes,  who 
had  overthrown  the  Assyrian  inunarchy,  did,  under  Na* 
bonas^ar,  found  a dominion,  which  was  much  increased 
under  Nebuchadnrxzar.  It  is  pn>bable  this  Nabonassar 
is  that  Baladan  in  (he  ?d  Book  of  Kings,  xx,  1^,  father 
of  Merodach,  who  sent  ambassadors  to  Hezekiah.  See 
2 Cliron.  xxii. 

NADIR,  that  point  of  the  heavens  diametrically  under 
our  feet,  or  opposite  to  the  zenith,  which  is  directly  over 
our  heads.  The  tenilb  or  nadir  arc  the  two  poles  of  the 
burizun,  each  (>cing  distant  from  it. 

The  SuJt’$  Napmi,  is  the  axis  of  the  cone  projected 
by  the  shadow  of  the  earth  : so  called,  because  that  axis 
being  prolonged,  gives  a point  in  the  ecliptic  diametrically 
opposite  to  the  sun. 

NAKED,  in  Architecture,  as  the  Naked  of  a Wall,  &c. 
is  the  surface,  or  plane,  from  whence  the  projecturcs 
ariMr;  or  which  serves  as  a ground  to  the  prujcctures. 

NAPiER  orNtPER  (John),  baron  of  Mcrchislonin 
Scotland,  the  inveniov  of  logarithms,  was  the  eldest  son 
of  sir  Archibald  Napier  of  Merchislon,  and  born  in  the 
year  1550.  Having  given  early  indications  of  great  natural 
parts,  bis  father  w.vs  careful  to  have  them  cultivated  by  a 
liberal  education.  After  going  through  the  ordinary 
course  of  studies  at  the  university  of  St.  Andrews,  he 
made  the  tour  of  France,  Italy,  and  Germany.  On  his 
return  to  bis  native  country,  his  lilrralurc  and  other 
fine  accomplishments  soon  rendered  him  conspicuous;  he 
however  retired  from  the  world  to  pursue  literary  re- 
searches, in  which  he  made  aa  uncommon  progreia,  as 
appears  by  the  several  useful  discoveries  with  which  he 
afterwards  favoured  mankind.  He  chiefly  applied  him- 
self to  the  study  of  mathematics;  without  however  ne- 
glecting that  of  the  Scriptures;  in  bath  of  which  he  dis- 


covered the  most  extensive  knowledge  and  profound  pene> 
tratimi.  IJis  Essay  on  the  Book  of  the  Apocalypse  indH 
cates  the  most  acute  investigation;  though  time  bath 
discovered  that  his  calculations  concerning  partfoilar 
events  had  proceeded  on  fallacious  data.  But  what  hat 
chiefly  rendered  his  name  famous,  was  his  great  and  for- 
tunate discovery  of  logarithms  in  trigonometry,  by  which 
the  ease  and  expedition  in  calculation  have  so  wonderfully 
assisted  the  science  of  astronomy  and  the  arts  of  practice 
gi^roetry  and  navigation.  Napier,  having  a great  attach- 
ment to  astronomy  and  spherical  trigonometry,  had  oc- 
casion to  make  many  numeral  calculations  of  such  tri- 
angles, w ith  sines,  tangents,  &c ; and  these  being  ex- 
pressed in  large  numbers,  they  hence  occasioned  a great 
deal  of  labour  and  trouble:  to  spare  themselves  part  of 
this  labour,  Napier,  and  other  authors. about  bis  lime,  Mt 
themselves  to  find  out  certain  short  modes  of  calculation, 
as  is  evident  from  many  of  their  writings.  I'o  this  nvcc^ 
sity,  and  these  endeavours  it  is,  that  we  owe  several  in^ 
nious  contrivances ; particularly  the  computation  by  N»* 
pier's  Rods,  ami  several  other  curious  and  short  methods 
that  arc  given  in  bit  Rabdolngia ; and  at  length,  after 
trials  of  many  other  means,  the  most  complete  one  of  lo- 
garithms, in  the  actual  construction  of  a large  table  of 
numbers  in  arithmetical  progression,  adapted  to  a set  of 
as  many  others  in  geometrical  progression.  The  property 
of  such  numben  had  been  long  known,  ris,  that  the  ad- 
dition of  the  former  answered  to  the  multiplication  of  the 
latter,  ficc;  but  it  wanted  the  necessity  of  such  ver^  trou- 
blesome calculations  as  those  above  mentioned,  joined  to 
an  ardent  disposition,  to  make  such  a use  of  that  property. 
Perhaps  also  ibis  disposition  was  urged  into  action  by 
certain  attempts  of  this  kind  which  it  seems  were  made 
elsewhere  ; such  as  the  following,  related  by  Wood  in  bis 
A then*  Oxonienses,  under  the  anicle  Briggs  on  the  ai^ 
tbority  of  Oughtn^  and  Wingate,  viz,  **  'That  one  Dr. 
Craig,  a Scotchman,  coming  out  of  Denmark  into  bis  own 
country,  called  up<>n  John  Neper  baron  of  Marcbeston 
near  Edinburgh,  and  told  him,  among  other  diKOurses, 
of  a new  invention  in  Denmark  (by  Longomontanus  as 
’tis  said]  to  save  the  Ivdiuus  multiplication  and  division  in 
astronomical  calculations.  Neper  was  very  solicitous  to 
know  farther  of  him  concerning  this  matter,  but  he  could 
give  no  other  account  of  it,  than  that  it  was  by  propof- 
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(ionable  nurobiT^.  Which  hint  Neper  lukihg,  he  drsired 
him  at  his  raturn  to  call  upon  him  again.  Craig»  utter 
8omc  iveeks  had  passed,  did  so,  and  Neper  then  showiti 
him  a rude  draught  of  that  he  called  Canon  Miruhilis  Lik 
garitbiDorum.  Which  draught,  with  some  alicrnrium,  he 
printed  in  1614.  It  came  forthwith  into  the  hands  of  our 
autlior  Briggs,  and  into  those  of  William  OughtrrtI,  from 
whom  the  relation  of  this  matter  came/' 

Whatever  might  be  the  inducement  however,  Napier 
published  his  invention  in  l6l4-,  under  the  title  of  Lt»ga- 
rithmorum  Canonis  Dvseriptio,  &c,  containing  the'do 
fcription  and  canOrfof  his  logarithms,  which  are  th<rse  of 
the  kind  that  hi  caU^d  hyperbolic.  This  work  coming 
presently  to  the  haiuis  of  Mr.  Briggs,  then  professor  of 
geometry  at  Gresbnimcollege  in  London,  he  iinmedtutely 
gave  it  the  grcutesi  enroumgement,  teaching  the  nature  of 
the  logarithms  in  his  public  lectures,  and  at  the  »ainc 
time  recommending  a change  in  the'  scale  of  them,  by 
which  they  might  be  odvantagcously  altered  to  the  kind 
which  he  afterwards  computed  hirnM-lf,  which  arc  thence 
called  Briggs's  Logarithms,  and  are  those  now  in  common 
use.  Mr.  Briggs  also  presently  wrote  to  lord  Napier  upon 
this  proposed  change,  and  made  journeys  to  Scotland  the 
two  following  years,  to  visit  Napier,  and  conduit  with 
him  on  the  subject  of  this  alteration,  before  he  set  about 
nakiu^  it.  Briggs,  in  a letter  to  archbishop  Usher,  March 
10,  1615,  writes  thus:  **  Napier  lord  of  Markinston  hath 
sot  my  head  and  hands  at  work  with  his  new  and  admi- 
rable logarithms.  I hope  to  see  him  this  summer,  if  it 
please  God ; fur  I never  saw  a book  which  plca'od  me 
boiler,  and  made  me  more  wonder"  Briggs  accordingly 
made  lord  Napier  the  visit,  and  staid  a month  with  him. 

The  following  passage,  from  the  Life  of  Lilly  the  astro- 
logcr,  contains  a curious  account  of  tlu^  meeting  of  those 
two  illustrious  men.  **  I will  acquaint  you  (says  Ljlly) 
with  one  memorable  story  related  unto  me  by  John  .Marr, 
an  excellent  matbematician  and  geometrician,  whom  1 
conceive  you  remember,  lie  was  servant  to  King  .fumes 
and  Charles  the  Kint.  At  first  when  the  lord  Napier,  or 
Marchiston,  made  public  his  logarithms,  Mr.> Briggs, 
then  reader  of  the  astronomy  lectures  at  (>rpsh>im*collegc 
in  London,  was  so  surprised  with  admiration  of  them, 
that  he  could  have  no  quierness  in  himself  until  he  had 
seen  that  noble  person  the  lord  Marchiston,  whose  only 
invention  they  were:  he  acquaints  John  Marr  herewith, 
who  went  into  Scotland  before  Mr.  Briggs,  puiposely  to 
be  there  when  thim*  two  so  learned  persons  &houltl  meet. 

' Mr.  Briggs  appoints  a certain  day  when  to  mei-(  at  Kdin- 
burgh;  but  failing  thereof,  the  lord  Napier  was  doubtful 
he  would  not  come.  It  happened  one  day  as  John  Marr 
and  the  lord  Napier  were  spetiking  of  Mr  Briggs;  * Ah, 
John  (said  Matchislun),  Mr,  will  not  now  come.' 

At  the  very  instant  one  knocks  at  the  gate;  John  Marr 
haBtcm  down,  and  it  proved  Mr.  Briggs  to  hi>  great  con- 
tentment.  He  brings  Mr.  Briggs  up  into  my  lord’s  cham- 
ber, where  almost  one  tjuaricr  of  an  hour  wa*  spent,  each 
beholding  other  almost  with  admiration  Iniforc  one  word 
was  spoke.  At  last  Mr.  Briggs  b<^an  : ' My  Uiril,  I have 
tindei^akcn  tbis  long  journey  purpo-sely  to  see  your  person, 
and  to  know  by  what  engine  of  wit  or  ingenuity  you  came 
. first  to  think  of  this  mo<»i  excellent  help  into  astronomy, 
vix,  the  logarithms ; but,  iny  lord,  indug  by  you  found 
out,  1 Wonder  nobody  else  found  it  out  before,  when  now 
known  it  i»  so  easy/  He  was  nobly  entertained  by  the 
lord  Niipicr;  and  every  summer  after  that,  during  tbc 
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lord's  being  alive,  (his  vtncrable  min  Mr.  Bric^  went 
purposely  into  Scotland  to  visit  him." 

Napier  made  also  (onsidcrubic  ini|iroveincnts  in  sphe- 
rical trigonometry  A*c,  pnruciilarly  by  his  Catholic  or 
Universal  Buie,  being  n generHl  thi^rem  by  which  he  re- 
solves all  the  cases  of  right-angled  spherical  triangle's  io 
a iminner  very  simple,  and  easy  to  be  remembered,  name* 
)y,  by  what  he  calls  the  Five  Girculur  Parts.  His  Con- 
struciiuii  of  l.ogtirithms  tmt,  besides  the  labour  of  them, 
muniftsts  the  grealt*st  ingenuity.  Kepler  dedicated  his 
F.phcmerides  to  Napier,  w hich  were  published  in  the  y<  ar 
16']7  ; and  it  appears  from  many  passages  in  his  lettec 
about  this  time,  that  hr  accounted  Nnptet  to  be  the  great- 
est iiiuii  of  his  age  in  the  particular  department  to  which 
he  applied  his  abilities. 

I'lie  last  literary  c.xeriion  of  this  eminent  person  was  Ihe 
publication  of  his  Bitbiiulogy  and  Prumptuary,  in  the  year 
I6l7  ; soon  after  which  h<‘  diixl  at  Marchiston,  the  3d  of 
Apiil  in  the  same  year,  and  in  the  6'8lli  year  of  his  age.— 
The  list  of  his  works  is  m follows: 

1.  A Plain  Discovery  of  the  Revelation  of.St. John;  1593.- 

2.  Lr>garuhmuruin  Canonis  De^criptio  ; I0'l4. 

3.  Mirifici  Logarithmorum  Cnnonis  Consiructio;  &c. 
Quibus  accesserc*  propoviritmes  ad  trianguhx  splurrica 
taciliore  calculo  resoBchda.  Una  cum  Annotatioinbus 
aliquot  doctissimi  U.  Henrici  Briggii  in  rns,  et  niomniatani- 
appendicem.  Published  by  the  auihm's  son  in  lO'ltf. 

4.  Rabdolt^iu,  sen  Nunterationis  per  Vir>:iilu»,  libri 
duo;  1617.  This  contains  ihg  description  and  use  of  the 
bones  or  rods;  with  several  other  short  and  ingenious  modes 
of  calculation. 

5.  His  le  tter  to  .\nthony  Bacon  (the  original  of  which 
is  in  the  archbishop's  library  at  Lambeth),  entitled,  hic- 
cret  Inventions,  Profitable  and  Necessary  in  these  days 
for  the  Defence  of  this  Island,  and  withstanding  Strangers 
F.ncmies  to  God's  Truth  and  Heligiim;  doled  June 2, 1596\ 

Napier's  Honrs,  or  Hods,  an  m^trument  contrived  by 
LonI  Napier,  for  the  more  easy  performing  of  the  arith- 
metical ofverations  of  multiplication,  division,  6cc.  'I'bniti 
rods  are  five  in  number,  made  af.bnnc,  ivory,  horn,  wood, 
or  pasteboard,  &c.  Their  faces  are  divided  into  nine  lit- 
tle squares  (fig.  7*  pL  20) ; each  of  which  is  parted  into 
two  triangles  by  diagonals.  In  thei*e  little  squares  arc 
written  the  numbem  of  the  multiplication-table;  in  such  a 
manner  that  the  units,  or  right-band  figures,  arc  found  in 
the  right-hand  triangle;  and  the  tens,  or  the  left-hand 
figures,  in  the  left-liaml  triangle;  as  in  the  figure. 

To  Slttiliply  Sumbers  by  Napier’s  bonn.  DisposCthc 
rods  in  such  a manner,  n»  that  the  top  figures  may  ex- 
hibit the  multiplicand;  and  to  these,  on  the  left-hand, 
join  the  rod  of  units  : in  which  m ek  the  right-hand  figure 
of  the  multiplier;  and  take  out  tliP  numbers  correspond- 
ing to  it,  in  the  squares  of  the  other  rods,  by  adding  the 
several  numU'rs  occurring  in  the  >ume  rhomb  tt»gclhef, 
and  their  sums.  Alter  the  same  manner  write  out  the 
numbers  corr»  spondiiig  to  the  other  figures  of  the  multi- 
plier; disposing  them  under  one  Hoolher  as  in  the  common 
multiplication;  and  lastly  add  the  several  numbers  into 
one  sum.  For  example,  suppose  the  mul-  5978 

tiplicand  59“8»  a«d  the  multiplier  5)87.  937 

From  tbe  outermost  triangle  on  the  right-  ifTgiS 
hand  (fig.  8,  pi.  20)  which  corresponds  to  |“q  j4, 
the  right-hand  figure  of  the  multiplier  7»  53x00 

take  out  the  figure  6,  placing  it  under  the 
line.  In  the  next  rhomb  toward*  the  IcB,  5001386 


N A I 


N A V 


t 85  3 

their  sum  being  14»  write  the  right  hund  pi  ryevcren  in  ihun,  without  uny  change,  till  it  be  acted  on 
tiauce -i.  against  6;  carrying  the  left-hand  Hgurc  I to -1  by  sunu-thinw  rxtermil.  • 

Mild  5,  which  are  found  in  the  nex^  rhomb ; and  join  the  2d  K.%» . — The  motion,  or  change  of  motion,  is  alwgys 
Miin  K to  4(1,  already  c>et  down.  After  the  same  manner,  proportional  tu  the  moving  force  by  which  it  is  produced, 
in  Ihe  last  rhomb,  add  6 and  3,  and  the  latter  ligurc  ot  and  in  the  diiccliuii  of  the  right  line  in  which  that  force 
The  sum  1 1,  set  down  as  before,  ami  carry  I to  the  3 lound  is  im{  iv!ne<l.  Jf  a given  force  produce  a certain  motion, 
in  the  left*band  triangle  ; the  sum  4 p>in  as  before  on  the  n double  force  will  produce  double  the  motion,  a triple 
left-hand  of  1846.  Thus  you  will  have  41S46  fur  the  h>rct- triple  the  motion,  and  so  on.  And  this  inution,  since 
pnaluct  of  5J)78  by  7.  And  in  the  same  manner  are  to  it  is  aiwuvs  directed  to  the  same  point  with  the  generating 
be  found  the  prtulucts  for  the  otlier  figures  nf  the  muU  force,  if  the  body  were  in  motion  before,  is  either  to  be 
Iiplier ; alter  which  the  whole  is  to  be  addl'd  together  as  added  to  it,  ns  when  the  motions  conspire  : or  subtracted 
usual.  frciin  it,  as  when  they  arc  opposite;  or  combinc«l  obliquely, 

* To  perform  Dixfision  by  SsHf.H’9  Bones.  Dispose  the  wl«cii  oblique:  being  always  cuiupounded  with  it  accord* 
rxxis  so,  that  the  uppermost  figures  may  exhibit  the  di*  ing  to  the  dsU*rmiiniliun  of  each. 

visor;  to  liu*^  on  the  left-band,  join  the  rod  of  units.  3d  D.vw. — Uc<actiun  is  always  contrary,  and  equal  to 
Descend  under  the  divisor,  till  you  mi'ct  those  figures  of  action  ; or  the  actions  of  two  bodies  upon  rarh  otlier,  arc 
the  dividend  in  which  it  is  first  rv'quired  how  oft  the  divisor  always  mutually  equal,  and  directed  contrary  ways;  and 
is  found,  or  at  least  the  next  less  number,  which  is  to  be  arc  to  be  estimated  always  in  the  same  right  line.  Thus, 
subtracted  from  the  dtvi<feml ; then  the  number  corre-  it  one  body  pre>s  or  draw  another,  it  is  equally  pressed  or 
•pornling  to  this,  in  the  place  of  units,  set  dowm  for  a quo-  drawn  by  il.  Jso,  if  1 press  a stone  with  roy  fingrr,  the 
ticiil.  And  by  determining  the  other  parts  of  the  quotient  linger  is  equally  pressed  by  the  stone  : if  a horse  draw  a 
after  the  same  manner,  the  divi-sion  will  be  completed.  weight  forward  by  a mpe,  tbe  horse  is  equally  opposed  or 
For  example  ; stTpposo  the  di*  507s  ) of'01386  ( 937  drawn  batk  towards  the  weight ; the  equal  tension  or 
vidend  66'OI3,^fi,  and  the  divi*  ' 53«(>»  slntcli  ol  the  rope  hindering  the  progress  of  the  one,  as  it 

sor  3978;  since  it  is  tir^l  in-  ' ”7J“|g  promotes  that  of  the  other.  Again,  if  any  body,  by 

quited  how  often  3978  is  found  striking  on  another,  do  in  any  mantKT  change  its  motion, 

in  3(k)t3,  descend  under  the  di-  — . il  will  itself,  by  rnenns  of  the  other,  undergo  also  an  equal 

visor  (fig.  8)  till  in  iho  lowest  4I84()  change  in  its  own  motion,  on  account  of  the  equality  of  the 

senes  you  find  the  numlx*r  41840  pressure.  When  two  IkhIics  intct,  each  endeavours  to 

53802,  approaching  nearest  to  50'Ol3;  the  former  of  persevere  in  its  state,anil  resists  any  change:  and  because 
which  is  to  be  subtracted  from  the  latter,  nnd  the  figure  9 . the  changf*  which  is  product-d  in  either  may  be  equally 
correspontliiig  to  it  in  the  rod  of  units  v-t  iluwn  for  the  measurcil  t*y  the  action  which  it  excites  upon  the  other, or 
c|Uotient.  To  Ibc  ivmaindcr22l  1 join  the  follmving  figure  by  the  reaiktaMcc  which  il  meets  with  from  il,  it  follows  that 
8 of  the  dividend;  and  the  number  179-14  being  found  as  the  changes  produced  in  the  motions  of  each  are  equal, 
before  for  the  next  lew  number  to  il,  the  corrirsponding  but  are  nmde  in  contrary  directions:  the  one  acquires  no 
number  3 in  the  rod  of  units  is  to  be  set  down  fur  the  next  new  force  but  what  the  other  lose^  in  the  same  direction ; 
figure  of  the  quotient.  After  the  same  manner  the  third  nor  does  this  lust  lose  any  force  liut  what  the  other  ac* 
aiul  last  figurc-of  the  quotient  will  be*  found  to  be  7 t *od  quiri-s;  and  hence,  though  by  their  collisions,  motion 
the  whole  quotient  937.  passes  from  the  one  to  the  other,  jet  the  sum  of  their  mo- 

NATLTIAL /Joy.  > W,  See  Da v,  Vtar,  3iC.  lions,  estimated  in  u given  direction,  is  preserved  the 

Natural  Honzon,  is  the  si'iisiblc  or  physical  ho-  same,  and  is  unatteinhlc  by  their  mutual  actions  upon 
ricun.  each  Ollier.  In  these  actions  the  changes  arc  equal ; not 

N A TL'RAL  jUog/c,  is  that  which  only  makes  use  of  na-  those,  wc  mean,  of  the  velocities,  but  those  of  the  motions, 
I Ural  causes;  such  as  the  trt'Utisc  of  J.  Uapt.  Porta,  Mugia  or  momentums;  the  bodies  being  sup|>oseil  free  from  any 
Naluralia.  other  impedimriits.  for  the  changes  of  velocities,  which 

Natural  otherwise  calletl  Physict,  is  that  urc  likewise  made  contrary  w.iys^  inasmuch  na  the  mo- 

science  which  considers  the  |jowcrs  of  nature,  the  proper-  lions  arc  i quully  changed,  are  reciprocally  proportional  to 
ties  of  niuirnl  bodies,  and  their  actions  on  one  another.  the  bodies  or  manst's. — The  same  law  obtains  also  in  at- 
4.air«qrNATURE,are  certain  axioms,  or  general  rules,  (ructions.  * 

of  motion  and  rest,  observed  by  natiimi  bodies  in  their  ac-  NAVIGATION,  is  the  art  of  Conducting  a ship  at  sea 
lions  on  one  another.  Of  these  laws,  Sir  1.  Newton  has  from  one  port  or  place  to  another.  I bis  is  perhaps  the 
cstablishni  the  three  following.  most  useful  of  nil  arts,  nmt  is  of  the  highest  antiquity.  It 

1st  Law. — every  body  pt'rseverrs  in  the  same  is  impossible  to  say  who  were  the  iiucniors  of  it ; but  it  is 
state,  either  of  rest,  or  uniform  reciilimiir  motion;  unless  probable  that  ninny  people  cultivated  it,  independent  of 
il  is  conipeiled  to  change  that  state  by  the  action  of  tome  each  other,  who  inhabited  the  sea  coasts,  and  had  occa- 
foreign  force  or  agent.  I'hus,  projeculet  per>everc  in*  tion,  or  found  it  convenient,  to  convey  ihemwlvrs  upon 
their  motions,  except  so  far  as  they  arc  retarded  by  ihe^  the  water  trom  place  to  place;  beginning  from  rafts  and 
reststaiice  of  the  air,  and  the  nciiofi  of  gravity  : and  thus  a logs  of  wood,  and  gradually  improving  in  the  structure 
top,  once  set  in  motion,  only  ceasin  to  turn  round,  because  and  munagemciU  of  tlicir  vessels,  according  to  the  length 
it  is  resisted  by  the  air,  and  by  the  friction  of  the  plane  of  lime  and  cxlcnl  of  their  voyagi's.  Writers  however 
upon  which  it  moves.  Thus  al<m  the  larger  bodies  of  the  ascribe  the  invention  of  this  art  to  difierent  persons,  or  na- 
planets  ami  comets  preserve  their  prugreMlve  and  circular  tions,  according  to  the  different  sourerruf  their  infonna- 
motions  a long  time  undiminished,  in  regions  void  of  all  tion.  Thus, 

sensible  resistance.— As  body  is  passive  in  receiving  its  mo-  'I'hc  |>octs  n fer  the  invention  of  navigation  to  Ncptimc, 
tion,  and  the  direction  of  its  rootiou,  10  it  retains  them,  or  some  to  Bacchus,  others  to  Hercules,  to  Jason,  or  to 
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Janu4,  who  it  is  said  made  the  lint  >hip.  Ifistoriuns 
ascribe  it  lu  the  A^f;iiictf;»,  the  Hliu'iiici.'tiis,  uiid 

Ute  ancieut  inhabitants  of  Bffuin.  Smne  art*  uf  upimuii 
that  the  lirsi  hint  was  taken  from  the  lli>{h(  of  the  kite; 
and  some,  as  Oppian  (Ue  Pi:>cibus,  1),  from  the  lish 
called  Nautilus;  while  some  ascribe  it  lu  accident;  and 
others  again  deriving  the  hiitt  and  invcniiuii  from  Noah's 
ark. 

* However,  history  re|>rcsents  the  Piiomicians,  exjiecially 
those  of  the  capital  Tyre,  as  the  llrsl  navigators  that  made 
any  extensive  progress  in  the  art,  »o  fur  as  has  come  to 
our  knowledge;  and  indeed  ii  must  have  been  this  very 
art  that  made  their  city  what  it  was.  For  this  purpoee, 
Lebanon,  and  the  other  neigh  bouring  mountains,  furnuh- 
ing  them  with  excellent  wood  for  ship^builiiing.  they  were 
speedily  masters  of  a numerous  fleet,  with  which  coitstanily 
haxarding'new  navigaliuus,  and  settling  nc^  traiUs,  ihi-y 
soon  arrived  at  a high  pitch  of  opulence  and  population; 
so  as  to  be  in  a cunditiun  to  send  out  cohmns,  the  print 
cipal  of  which  was  that  of  Carthage ; which,  keeping  up 
their  PbcKiiiciart  spirit  of  commerce,  in  time  far  surpassed 
Tyre  itself;  sending  their  inerchant-shiiis  through  Her- 
cules’s pillars,  now  the  straits  of  Gibraltar,  and  thence 
along  the  western  coasci  of  Africa  ami  Kuropt* ; and  even, 
according  to  some  authors,  to  America  itself.  The  city 
uf  Tyre  bring  destroyed  by  Alexarnlrr  the  Great,  its  na> 
Tigalion  and  commerce  were  transferad  by  the  conqueror 
to  Alexandria,  a new  city,  well  situated  for  these  pur- 
poses, and  proposed  for  the  capital  of  the  empire  of  Asia, 
the  conquest  of  which  Alexander  then  meditatvd.  And 
thus  arose  the  navigation  uf  the  Egyptians ; w hich  was  af- 
terwards so  cultivated  by  the  Ptolemies,  ibat  Ty rcaud  Car- 
thage were  ^uile  forgotten. 

nypt  being  reduced  to  a Roman  province  after  the  bat- 
tle OT  Actium,  its  trade  and  navigation  fell  into  the  hands 
oCAu^ktus:  in  whuK‘  time  Alexandria  was  only  interior 
toRome;  and  the  tnaguiincsof  the  capital  of  the  world 
were  wholly  supplied  with  merchandises  fruin  the  capital 
of  Eeyyt* 

At  length,  Alexandria  its4-lf  underwent  ihefulc  of  lyre 
and  Carthage;  being  surprised  by  the  Saracens,  who,  in 
spite  of  the  Emperor  Hemclius,  overspreatl  the  northern 
coasts  of  Africa,  &c;  and  the  merchants  being  driven 
thence,  Alexandria  has  ever  since  been  in  a languishing 
state,  though  still  it  has  a contiderublc  part  of  the  com- 
merce of  the  Christian  merchants  trading  to  the  Levant. 

The  fall  of  Rome  and  its  empire  drew  along  with  it, 
not  only  that  of  learning  and  the  polite  arts,  but  that  of 
navigation  also;  the  barburiaiifr,  into  who^c  bands  it  fell, 
contenting  themselves  with  (he  spoils  of  the  industry  of 
^ their  predecessors. 

But  no  sooner  were  the  brave  among  those  nations  well 
settled  in  their  new  provinces ; some  in  Gaul,  as  the 
Franks;  others  in  Spain,  as  the  Golhs;  and  others  in 
Italy,  as  the  Lombards;  than  they  bbgao  to  learn  the  ad- 
vantages of  navigation  and  commerce,  with  the  methods  of 
managing  them,  from  ihc  people  tliey  subdued ; and  (his 
with  so  much  success,  (bat  m a iitlle  time  some  of  them' 
became  able  to  give  new  li^sons,  and  set  on  loot  now  in- 
stitutions for  its  advaiiLage.  Thus  it  is  to  the  Lombards 
wc  tisuaJly  ascribe  the  invention  and  use  uf  banks,  book- 
keeping, exchanges,  rechanges,  btc. 

• It  docs  not  appear  which  of  the  European  nations,  after 
the  settlement  of  their  new  masters,  first  engaged  in  navi- 
gation and  coiniDcrcc.*~Somc  think  it  began  with  ibe 
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Fraiich;  though  the  Italians  seem  to  have  the  juster  title 
to  It,  and  are  usually  considered  as  the  resiorei-s  uf  buih, 
us  well  as  uf  (he  polite  arts,  which  had  bei  n banishi'd  tn- 
geihcr  fivm  the  time  the  empire  was  torn  usunder.  It  is 
the  people  uf  Italy  then,  and  particularly  those  of  V'enice 
and  Genoa,  who  have  (he  glory  of  (his  restoration;  arid 
it  is  to  (heir  advintageous  situation  lor  navigHtiun  that 
they  in  a great  measure  owe  their  glory.  From  aiaiut  (he 
time  of  (he  6th  century,  when  the  inhahitants  of  the 
islands  in  (he  bottom  of  the  Adriatic  began  to  unite  toge- 
ther, and  by  their  union  to  form  the  Venetian  state,  their 
flct-ts  of  merchantmen  were  sent  to  ail  the  parts  of  (ho 
M<‘dilcrranean  ; and  at  last  to  those  of  Egypt,  particulaily 
Cairo;  a new  city,  built  by  the  baracen  princes  on  the 
eastern  banks  of  the  Nile,  where  they  traded  for  their 
spices  and  other  products  of  the  Indies.  '1‘hus  they  flou- 
rished, and  increased  their  commerce,  their  navigation, 
nnd  (fieir  conquests  on  the  terra  tirma,  till  the  le^ue  of 
Cninbray  in  1608,  when  a number  of  jealous  princes  con- 
spired to  their  ruin;  which  was  ihe  more  ea-ily  effected 
by  the  diminution  «if  (heir  Eust-lndia  commerce,  of  w hich 
the  Portuguese  had  gut  one  part,  and  the  French  another. 
Genoa  too,  which  had  cultivated  navigation  at  the  same 
time  with  Venice, and  that  with  equal  success,  was  along 
time  its  dangerous  rival,  disputed  with  it  the  empire  of  the 
sea,  and  shared  with  it  the  trade  of  Egypt,  and  other 
parts  both  of  the  east  and  west. 

Jealousy  soon  began  to  break  out;  and  (he  two  repub- 
lics coming  to  blows,  there  was  almost  cuiiiinual  war  lor 
tbri.'C  centuries,  beft>re  the  supetioriiy  was  ascertained  ; 
when,  towards  the  end  of  the  14th  century,  the  battle  of 
Chmia  ended  the  strife:  the  Genoese,  who  till  then  had 
Usually  the  advantage,  having  now  lost  all;  and  the  Ve- 
netians, almost  become  desperate,  at  one  happy  blow,  be- 
yond all  expectation,  secured  to  themselves  the  empire  of 
(he  sea,  and  the  superiority  in  commerce. 

* About  the  same  time  that  oavigaiiun  was  retrieved  in 
the  southern  parts  of  Europe,  a new  M'ciety  of  merchants 
was  formed  in  the  North,  which  not  only  cairh'd  com- 
merce to  the  gretUcst  perfection  it  was  capable  of,  till  thu 
discovery  of  (be  East  and  West  Indies,  but  also  iunned  a 
new  scheme  of  laws  for  the  ri'gubition  of  it,  which  still 
obtiun  under  the  name  of,  Uses  and  Customs  of  the  Sc*a. 
Ttiis  society  is  that  celebrated  league  ol  the  Hanse-'l'owns, 
which  was  begun  about  the  year  1 164- 

The  art  of  navigation  has  been  greatly  improved  in  mo- 
dern tiroes,  both  in  respect  to  the  form  of  the  vessels 
themselves,  and  tbe  methods  of  working  or  conducting 
them,  Tbe  use  of  rowers  is  now  entirely  supersede<l  by 
the  improvements  made  in  the  sails,  rising,  &c.  *11)0 
anen  nt&  were  neiihiX  so  well  skilled  in  hndinE  (he  lati- 
tucirv,  nor  in  stt'tTing  their  vei<v*ls  in  places  of  difficult  na- 
vigHtion,  ts  the  moderns,  Mut  the  greatest 'advanutgu 
winch  these  have  over  the  ancients,  is  from  (he  mariner’s 
compass,  by  which  they  are  ccuibled  to  find  their  way 
> with  as  much  facility  in  the  midst  uf  an  inimeasumblG 
ocean,  as  the  ancients  could  have  done  by  creeping  along 
the  coast,  and  never  going  out  of  sight  uf  land.  Sumo 
people  indeed  contend,  ihut  tins  is  no  new  invention,  but 
that  ibe  ancieois  were  acquainted  with  it.  'Fhev  say,  it 
was  impossible  for  Solomon's  ships  to  go  to  Ophir,  Tar- 
sbish,  and  Parvaim,  which  last  they  will  have  to  be  Peru, 
without  ibis  useful  instrument.  I'hey  insist,  that  it  was 
impossible  for  the  ancients  to  be  acquainted  with  the  at- 
tractive virtue  of  the  m.agDct,  without  knowing  its  poU- 
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rify.  They  even  •ffirm,  thiil  lliis  property  of  ihc  ma^rn'l 
i»  plainly  mcnlumeil  in  (he  Book  of  Job,  where  the  loa<l> 
ftone  is  calk'd  topaz,  or  the  stone  lhat  (urns  itvlf.  But, 
not  to  mention  (hat  Mr.  Bruce  has  lately  matte  it  appear 
hkghly  probable  that  Solomon  > ships  made  no  more  (ban 
coasting  voyages,  it  it  certain  that  the  Romans,  who  con- 
quered Judeii,  were  ignorant  of  this  instrument ; and  it  is 
v«  ry  piobable,  that  so  useful  an  invention,  if  once  it  had 
been  commonly  known  to  a nation,  would  neser  have  been 
forgotten,  nr  perfectly  concealed  from  so  enterprising  a 
pi'opio  a>  the  Romans,  who  were  so  much  inien-sU-d  in 
the  di-covery  of  it. 

Among  thtise  who  do  agree  that  the  mariners  compass 
is  a m<  dern  invrntiun,it  has  been  much  disputed  who  was 
the  inventor.  Some  give  the  honour  of  it  to  Kiavio  Gioia 
of  Amalfi  in  Campania,  about  the  beginning  of  the  litli 
century  ; while  others  say  that  it  came  trom  the  llast,  and 
was  earlier  known  in  Europe.  But,  at  whatever  time  it  was 
invented,  it  is  certain,  tliat  (he  mariner’s  compass  was  not 
commonly  used  in  navigation  bt'funr  the  year  In 

that  year,  the  science  was  considerably  improvt'tl  under 
the  auspices  of  Henry  duke  of  Visco,  brother  to  the  king 
of  RurUignl.  In  the  year  14S5,  Rnderic  and  Joseph,  phy- 
sicians to  king  John  the  2>i  of  Portugal,  together  with  one 
Martin  de  Bohemia,  a PortugUfSi>  native  of  (he  island  of 
I'ayal,  and  pupil  tt>  Regiomontanus,  calculated  tables  of 
tiic  sun’s  declination  for  the  use  of  sailors,  and  recom- 
mended tlie  astrolabe  for  taking  obsorvutions  nt  >ra.  ’I'hc 
celebrated  Columbus,  it  is  said,  avaiUd  himself  of  Martin’s 
instructions,  and  improvtMl  the  Spaniards  in  the  knowUdge 
of  this  art ; for  the  farther  progress  of  which,  a lecture 
was  afterwunls  futinded  at  Si'villc  by  the  emperor  Charles 
the  5th. 

The  discovery  of  the  variation  of  the  compass,  claim- 
C(|  by  Columbus,  and  by  Sc'hastian  Cabot.  'Hie  f(»rmer 
certainly  did  observe  this  variation  without  having  heard 
of  it  fiom  any  other  person,  on  the  I4ih  of  Sc>pt<  inker 
149i,  and  it  is  very  probable  that  Cahot  might  d<j  the 
same.  At  that  time  it  was  found  that  there  was  no  varia- 
tion at  the  Azores,  for  which  reason  some  geogr  phers 
made  that  the  first  meridian,  tliough  it  has  since  been  dis- 
covered that  the  variation  alters  in  lime.  'The  use  of  the 
cross-staff  now  began  to  be  introduced  among  sailors.  This 
ancient  instrument  is  described  by  John  Werner  of  Nu- 
n-mberg,  in  his  annotations  on  the  ti:st  b«»ok  of  Ptolemy’s 
Geographx,  piinttd  in  1514:  he  ricoromcnds  it  for  ob- 
serving the  Ul^(Hnce  between  the  moon  and  some  star, 
from  which  to  determin**  (he  longitude. 

At  this  lime  the  art  of  navigation  was  very  imperfect, 
from  the  use  of  the  plane  chart,  which  was  the  only  one 
then  known,  and  winch,  by  its  gross  errors,  must  have 
greatly  misled  the  mariner,  especially  in  places  far  distant 
from  the  equator  ^ and  also  from  the  want  of  books  of 
instruction  for  seamen. 

At  length  two  Spanish  trentisH  appeared  on  this  sul>- 
Ject,  theonr  by  Pedro  de  Me^a,  in  1545;  and  the  other 
by  Martin  Cortes,  or  Curtu  al  it  is  printed  in  English,  in 
1356,  though  the  author  says  be  composed  it  at  Cadiz  in 
1545,  containing  a complete  system  of  the  art  as  far  a»  it 
was  then  known.  Medina,  in  his  dedication  to  Philip 
prince  of  Spain,  laments  that  multitudes  of  ships  daily  \n’- 
rished  at  sea,  becauta  there  were  ncithe:  It-acliers  of  the 
art,  nor  books  by  which  it  might  be  learned;  and  Cort«s, 
iu  his  dedication,  to  the  emperor,  that  bo  was  (he 


first  who  had  nduced  navigation  into  a ccropendium,  va- 
luing himself  much  on  what  be  hud  pc'rfurmcd.  Medina 
di  fendtHi  the  plane  chart ; but  he  was  opposed  by  Cortes, 
who  showed  its  errors,  and  erideavoured  to  account  for 
(he  variation  of  (he  compass,  by  supprjsing  (he  needle  was 
influenced  by  a magnetic  pole,  different  from  that  of  the 
world,  and  which  he  called  the  Point  Attractive:  which 
notion  has  Ikh'd  furtlier  proseciitrd  by  others.  Medina’s 
book  was  sinm  tiamlatcd  into  Italian,  I-'i<  m h,  and  Flemish, 
and  served  for  a longtime  as  a gunlc  to  foreign  navigators. 
However,  Cortes  was  the  favourite  author  of  (he  English 
nation,  and  was  (randaU-d  in  15(il,  by  Richard  Eden,  • 
while  .Medina’s  work  w;u  much  m^licted,  though  trans* 
Ifltrd  also  within  a short  lime  of  the  oihi  r.  At  that  time 
a system  of  navigation  ermsisted  of  maieriaU  such  as  the 
following.  An  account  of  the  Ptolemaic  h)poth('sis,  and 
the  circles  of  llie  sphere ; of  the  ruundness  of  the  earth, 
the  longitudrs,  latitudi's,  climates,  5cc,  and  eclipses  of  the 
luinitiaries;  a calendar;  the  method  of  finding  the  pritne^ 
e|mc(,  moon’s  age,  and  tides;  a description  of  (he  com- 
pass, an  account  of  its  variation,  fur  the  discuvcfing  of 
which  Cortes  said  an  instrument  might  easily  be  Contrived ; 
tables  of  the  sun’s  declinulion  for  4 years,  in  order  to  find 
the  latitude  from  his  meridian  altitude;  dirrctiorui  to  find 
the  same  by  certain  stars;  of  (he  course  of  the  sun  and 
moon  ; the  length  of  the  days;  of  lime  and  its  divisions; 
the  method  of  finding  the  hour  of  the  day  and  night;  and 
la.'^tly,  a description  of  (he  st'a- chart,  on  which  to  discover 
where  the  ship  is;  they  made  use  also  of  a small  table, 
that  showed,  on  an  alteration  of  one  degree  of  the  latitude, 
bow  many  leagues  wore  run  on  each  rhumb,  together 
with  the  departure  from  the  meridian  | which  might  be 
called  a tabic  of  distance  and  departure,  as  we  have 
now  tt  table  of  ditTereiicc  of  latitude  and  departure. 
Besides,  sonic  instruments  were  described,  espi'cUlly  by 
Cories ; one  of  which  was  for  finding  (hr  place  and  decli-  * 
nation  of  the  sun,  with  (he  age  and  place  of  the  moon; 
CiTtain  dials,  the  astrolabe,  ami  cross-staff;  with  a com- 
plex machine  to  discover  the  hour  and  latitude  at  once. 

Alxiut  the  same  time  proposals  were  made  for  finding 
the  longitude  by  observations  of  the  moon.  In  1530, 
Cii’fmna  Frisius  adviscil  the  kivping  of  the  time  by  means 
of  small  clocks  or  watches,  thru  newly  invented,  as  he 
says.  He  also  contrived  a new  kind  of  crms*statT,  and  an 
instrument  called  the  Niiulicul  Quadrant ; which  last  was 
much  praised  by  William  Cuninghatn,  in  his  Cosmogra- 
phical  Glass,  printed  in  the  year  1559. 

In  the  ycMT  1537  Pedro  Nunez,  or  Nonius,  published 
a book  in  the  Purtugm'sr*  luiigtiage,  to  explain  a difficulty 
jn  navigation,  proposed  to  him  by  the  commander  Don 
Martin  Alphunso  de  Susa.  In  this  work  heex|M»srsHe 
errors  of  the  plane  chart,  and  gives  the  solution  of  several 
curious  aatrunoinictti  problems;  among  which,  is  that  of 
dvteritMning  the  latitude  from  (wo  observaliona  of  the 
sun’s  altitude  and  iho  intermediate  azimuth  b<  ing  given. 
He  observed,  that  though  (he  rhumbs  arc  spiral  lim'S,  yet 
the  direct  coiirs<'  of  a ship  will  always  be  in  the  arch  of  a 
great  cisele,  by  which  (he  angle  with  the  meridians  will 
rontinually  change : all  that  (he  steersman  can  here  do  for 
preserving  the  original  rhumb,  is  to  correct  these. devia- 
tions at  NrHin  as  they  uppt'ar  sensible.  But  thus  the  ship 
will  in  reality  describe  a course  without  the  rbunib-linc  iiH 
tended  ; ami  therefore  Iris  calculations  for  assigning  the 
latitudC|  whvrc  any  rhumb  line  crosses  the  several  tneri^ 
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(iians,  wtH  bc  in  some  rorasure  i-rroncous.  Ho  inveiitfcl  a 
method  of  divi<)lhg  a quadrant  by  rmans  of  concentric 
circleii,  which,  after  being  much  improved  by  Dr.  llulhy, 
is  used  at  present,  and  is  called  a Nonius. 

In  1577,  Mr.  William  Bourne  published  a trdatiseof 
navigation,  in  which,  by  considering  the  irregularities  in 
the  moon's  mulion,  he  shows  (he  errors  of  the  sailors  in 
finding  her  age  by  the  epnet,  and  also  in  determining  the 
hour  from  observing  oii  what  point  of  the  compass  the 
sue  and  moon  ap^K'ared.  In  sailing  nmards  high  latitude^, 
he  advises  to  keep  the  reckoning  by  the  gUibc,  as  the 
plane  chart  is  most  erroneous  in  such  situations.  He  de* 
spairs  of  our  ever  being  able  to  timl  the  longitude,  uiiU^ss 
the  variation  of  the  compass  should  he  occasioned  by 
some  such  attractive  point  us  Cortes  had  imagined  ; of 
which  however  he  doubts:  but  as  he  had  shown  how  to 
find  thu  vuriulion  at  ail  times,  bo  adviw'S  to  keep  an 
account  of  the  observations,  as  Useful  for  5nding  the 
place  of  the  ship;  which  advice  was  prosecuted  at  large 
by  Simon  Stevia  in  a treatise  published  at  Leyden  in 
15P9;  the  substance  of  which  was  (he  same  year  printed 
at  London  in  Kiighsb  by  Mr.  Edward  Wrigitt,  entitled 
the  Haven-finding  Art.  In  the  same  old  tract  abo  is  de- 
cribed  the  method  by  vvhich  our  sailors  e«tifnatu  the  rale 
of  a ship  in  her  course,  by  the  instrument  culled  (be 
Log.  The  author  of  this  contrivance  is  not  known;  nei- 
ther was  it  farther  noticed  till  l607»  when  it  is  mentioned 
in  an  Enst^lndia  voyage  published  by  Purchas:  but  from 
this  lirao  it  becumc  common,  and  is  mentioned  by  all  uu* 
(bors  on  navigation ; and  it  still  continui'S  to  be  used  as  at 
first,  though  many  attempts  have  been  made  to  improve 
it,  and  contrivances  proposed  to  supply  its  place ; some 
of  which  have  succeeded  in  still  water,  but  proved  useless 
in  a ttoraiy  see. 

In  1581  Michael  Coignet,  a native  of  Antwerp,  pub- 
tbbed  a treatise,  in  which  he  animadverted  on  Medina. 
In  this  he  showed,  that  as  the  rhumbs  are  spirals,  making 
endless  revolutions  about  the  poles,  numerous  errors  must 
arise  from  their  being  npresented  by  straight  lines  on  the 
sea-charts  ; but  though  he  hoped  In  find  a remedy  fur 
these  errors,  he  was  of  opinion  that  the  proposals  of  No- 
nius were  scarcely  practicable,  and  therefore  in  a grt^at 
measure  useless.  In  treating  of  the  sun’s  declination,  he 
took  notice  of  the  gradual  decrease  in  the  obliquity  of  the 
ecliptic  ; he  also  de&crih(*d  the  cross-staffwiih  three  tram* 
verse  pieces,  as  it  was  then  in  common  use  umong  the 
tailors.  He  likewise  gave  some  instruments  of  his  own  in- 
vention ; but  all  of  them  arc  now  laid  aside,  excepting 
perbapi  his  Nocturnal.  He  constructed  a sca-tnble,  to 
be  used  by  such  as  sailed  beyond  the  fiOlh  degree  of  lati- 
tude*; and  at  (he  end  of  the  hook  is  dcliven-d  a method 
of  sailing  on  a parallel  of  latitude,  by  means  of  a ring-dial 
and  a 2-^bour-gIass. 

In  the  aatne  year  Mr.  Robert  Norman  publishod  his 
Discofcry  ofthc  Dipping-needle,  in  a pamphlet  called  the 
New  Attractive;  to  which  is  always  subjoined  Mr.  Wil- 
liam Burrough’s  Disc«»urse  of  the  VariaUon  of  the  Com- 
pass.— In  1594,  Captain  John  Davis  published  a small 
treatise,  entitled  The  Seaman's  Secrets,  which  was  much 
esteemed  in  its  time. 

The  writers  of  this  period  com{tlaincd  much  of  Ihe  er- 
Toraoftbe  plane  chart,  which  continued  still  in  use,  though 
they  were  unable  to  discover  a proper  remedy:  till  Ger- 
rard  Mercator  contrived  his  Universal  Map,  which  he 
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published  in  1569»  without  clearly  umlcrstanding  the 
principles  of  its  construction;  these  were  first  discovcml 
by  Mr.  E<lward  Wrigiit,  who  sent  au  account  of  the  true 
method  of  dividing  the  meridian  from  Cambridge,  where 
he  was  a le'tluw,  to  .Mr.  Bimidevillc,  with  a short  table  tor 
that  purpose,  and  u s|H  cimen  of  a chart  so  divided.  These 
were  published  by  Biundcvillc  in  1594,  among  his  ilxcr* 
cisos ; to  the  later  editions  of  which  was  added  his  Dis- 
course on  L'ntversnl  Maps,  first  printed  in  158.0.  How- 
ever, in  1599  Wright  printed  his  Correction  of  cer- 
tain Errors  in  Navigation,  in  which  work  he  shows  the 
rr'ason  u>  this  division,  the  manner  oT  constructing  his  ta- 
ble, ami  Its  uses  in  navigation.  A second  edition  of  this 
treatise,  witii  further  improvements,  was  primed  in  I6  IO. 
and  H third  edition  by  Mr.  Moxon,  in  lfi57.— -ihe  mt- 
tbod  of  a[)proNima(ion,  by  what  is  called  the  middle  lati- 
tude, now  used  by  our  sailors,  occurs  in  Gunter’s  Works, 
first  printed  in  l6*23. — About  this  time  logariihn>s  bi-gau  to 
be  introduced,  w hich  were  applied  to  navigation  in  a va- 
riety of  ways  by  Mr.  Edmund  Gunter;  though  the  first 
application  of  the  logarithmic  tables  to  the  casi's  ol  sail- 
ing, was  by  Mr.  Thuinus  Addison,  in  his  Arithmt'tical  Na- 
vigation, primed  in  l6?5.— In  lfi35  Mr.  Henry  Gellibrand 
printed  o Mmhematicul  Discourse  on  the  Variation  ot  (he 
MugnetiCiil  Needle,  containing  bis  discovery  of  the 
changt'S  to  which  the  variation  is  subject.— -in  163 J,  Mr. 
Richard  Norwood  published  an  excellent  TreallM’  of  I'ri- 
gonometry,  adapted  to  the  invention  of  logarithms,  parti- 
cularly in  applying  Napier's  general  canons;  and  for  the 
failher  ioipruvcineiit  of  navigation,  be  undertook  the  la> 
borious  work  of  measuring  a di^grec  of  the  meridian,  for 
examining  the  divisions  of  the  log-line.  *lle  has  given  a 
full  and  clear  account  of  this  operation  in  his  beauian's 
Practice,  first  published  in  l637  » where  he  also  describe* 
his  own  cxcelieut  method  of  setting  down  and  |>erfecting 
a sea-reckoning,  &c.  This  treatise,  and  that  nf  trigono- 
metry, were  often  reprinted,  as  the  principal  books  for 
learning  scientifically  the  art  of  navigation.  What  he  had 
delivered,  especially  in  the  latter  of  them,  concerning  this 
subject,  was  contracted  as  a manunl  for  sailors  in  a very 
small  piece,  called  bis  Epitome,  which  has  gone  through  a 
great  numberuf  editions. — .^bout  the  )ear  16'45,Mr.  Bond 
published,  in  Norwood's  Epitome,  a very  great  improve- 
ment on  Wright's  method,  by  a property  in  Ins  nieritlian 
line,  by  which  its  divisions  are  more  scienlifirally  assigned 
than  the  author  wasubic  to  effect ; which  be  deduced  from 
(his  theorem,  that  these  divisions  are  analogous  to  the  ex- 
cesses of  the  logarithmic  tangents  of  half  the  respiKMive 
latitudes  increased  by  45  degrees,  above  the  logarithm  of 
the  radius:  this  he  alterwards  explained  more  fully  in  the 
3d  edition  of  Gunter’s  Works,  printed  in  1653;  and  the 
demonstration  of  the  general  theorem  wassupplied  by  Mr. 
James  Gregory  of  Abi  rdecn,  in  his  ExercitatiuncsGeumc- 
tricse,  printed  at  London  in  l66S,  and  afterwards  by  Dr. 
Halley,  in  the  Philos.  Trans.  No.  2I9«  ^1^  by  Mr. 

Cotes,  No.  388. — In  17OO,  ^r.  Bond,  who  imaginid  that 
he  had  discovcrtnl  the  longitude,  by  having  discovered  the 
true  theory  of  the  magnetic  variation,  published  a general 
map,  on  which  curve  lines  wen*  drawn,  expressing  the 
paths  or  places  where  the  moguetic  needle  had  the  same 
variation.  The  positions  of  these  curves  will  indeed  con- 
tinually experience  alterations ; and  tberefou*  they  should 
be  correct^  from  lime  to  lime,  as  they  have  already  been 
for  the  years  1744, and  1756,  by  Mr..William  Muuntainc, 
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and  Mr  James  Dodaon. — The  aMowancea  proper  to  b» 
luade  for  lee-w«y,  are  very  particularly  wt  down  by  Mr. 
John  Buckler,  and  published  in  a small  tract  hrst  printed 
iii  1702,  rnlilled  a New  CompendHJin  of  the  whole  Art  of 
Nav>«Btion,  wriitco  byMr.  Willtara  Jones.  , 

As  it  is  now  geiu  rdUy  agreed  that  the  earth  U a sphe- 
roid, whose*  axh  or  polar  dmmerer  is  shurier  than  the 
e<fuatorial  diameter,  Dr.  Murdoch  published  a tract  in 
17^1,  in  which  he  adapiyd  Wright's,  or  Mercator's  sailing 
to  such  a figure;  and  in  the  same  }car  Mr.Macluurin 
also,  in  the  Philos.  Trans.  No.  46l,^or  determining  the 
meridional  parts  of  a spheroid ; an<l^c  has  further  pro- 
secuted thcaarae  specufation  in  bis  Fluxions,  printed  in 
17«. 

,The  method  of  finding  the  longitude  at  sea,  by  the  ob- 
served distances  of  the  moon  from  the  sun  and  stars,  com- 
monly called  the  lunar  method,  was  proposed  at  an  early 
stage  i n the  art  of  navigation,  (vis,  in  1 5 1 4,  by  John  Werner 
of  Nuremberg,)  and  has  now  bivn  happily  carried  into  ef- 
fectual execution  by  the  encouragement  of  the  Board  of 
Longitude,  which  was  established  in  England  in  the  year 
1714,  for  rewarding  any  successful  endeavours  to  keep  the 
longitude  at  sea.  In  the  year  17fi7,  this  hoard  published 
a Nautical  Almanac,  which  has  been  continued  annually 
ever  since,  by  the  advice,  and  under  the  direction  of  the 
astronomer-royal  ut  Greenwich : this  work  is  purposely 
adapted  to  the  use  of  navigators  in  long  voyages,  and, 
amongk  great  many  umTuI  articles,  it  contains  tables  of  the 
lui^r  distances  accurately  computed  for  every  S hours  in 
the  year,  for  the  purpose  of  comparing  the  distance  thus 
kn;>wn  for  any  time,  with  the  distance  observed  in  an  un- 
known plfce,  fiom  which  to  compute  the  longitude  of  that 
place.  Under  the  auspices  of  this  Board  too,  besides 
giving  encouragement  to  -the  authors  of  many  useful  tables 
and  other  works,  which  would  otherwise  have  been  lost, 
limc-kt  epers  have  been  brought  to  a great  degree  of  excel- 
lence, by  Mr.  Harrison,  Mr.  Arnold,  and  many  other  per- 
sons, which  have  proved  highly  advantageous  in  keepiiig 
the  time  during  long  voyages  at  sea,  and  thence  giving  tiic 
longitude  to  u good  degree  of  accuracy. 

Some  of  tbe  other  principal  writers  on  navigation  are, 
Stevin,  before  ifiOO,  in  bis  Hydrography;  Bartholomew 
Crcscenti,of  Rome,  in  l607;  Willcbrord  Snell,  at  LeydenV 
in  1624,  his  Tiphys  Batavusi  Geo.  Fournier,  at  Faris, 
16'33;  John  Baptist  Uiccioli,^  at  Bologna,  in  l66l;  De- 
chales,  in  l6'74  and  l6‘77  ; the  Sieur  Blondel  St.  Aubin, 
in  1671  and  16'7S ; M-  Dossier,  in  l68S;  M.  Sauveur, 
in  1693;  M.John  Bougucr,  in  1698;  F.  Pezenas,  in  1733 
and  1741 ; and  M.  Peter  Bouguer,  who,  in  1733,  pub- 
lished a very  elaborate  treatise  on  this  subject,  entitled, 
Nouveau  Traile  dc  Navigation  ; in  which  be  gives  a va- 
riation compass  of  his  own  invention,  and  attempts  to  re- 
form the  1<^,  as  he  had  before  done  tn  the  Memoirs  of  the 
Academy  of  Sciences  for  1747*  He  is  also  very  partTcu- 
lar  in  determining  the  lunations  more  accurately  than  by 
the  common  methods,  and  in  describing  the  corrections  of 
the  dead  reckoning.  This  book  was  abridged  and  im- 
proved by  M.  Lacaille,  in  1760.  To  these  may  be  added 
the  navigation  of  Don  George  Juan  of  Spain,  in  1757. 
And,  in  oar  own  isatiop,  the  several  treatises  of  Messrs* 
Newhouse,  Seller,  Hodgson,  Atkinion,  Harris,  Patouo, 
Hauxley,  Wilson,  Moore,  NichoUon,  &c ; but,  above  all, 
The  Elements  of  Na^if^tion,  in  2 vols,  by  Mr.  John  Ro- 
bertson, first  printed%bout  tie  year  1730,  and  since  often 
re-printed  ; which  is  tbc  most  complete  work  of  the  kind 
VoL.  11. 


extant;  atm  to  which  work  is  prefixed  a DisserUtion  on 
the  Hisc  and  Pre»gr«-»s  of  the  nuKiern  .\rC  of  Navigatioin 
by  Dr.  James  Wilsoiv#  containing  a very  learned  and  ela- 
borate history  of  the  wrdings  and  improvements  *in  this 
atu 

For  an  account  of  the  several  instniroents  employed  for 
the  purposes  of  navigation,  with  the  molhods  fur  iLe  lon- 
gitude, and  the  various  kinds  and  methods  of  navigatian, 
dec,  sec  the  n-slicciivc  articU*s  tboinselves,  as  also  the  pre- 
face to  RoburL«on'v  Navigation. 

NAVtoariox  is  cither  Proper  or  Common.  • 

Navigation,  Common,  usualty  called  coasting,  in 
which  tbc  places  are  at  no  great  distance  from  each  other, 
and  the  ship  sails  usually  in  sight  of  land,  and  mostly 
within  soundings.  In  this,  little  else  is  required  besides 
an  acquaintance  with  the  lands,  the  compaio,  and  suund- 
iog-line  ; each  uf  which,  see  in  its  place. 

Navioatiok,  Proper,  is  where  the  voyage  is  long,  and 
pursued  through  the  main  ocean.  And  here,  besides  the 
requisites  in  the  former  case,  are  also  required  the  use  of 
Mercator's  Chart,  the  azimuth  and  amplitude  compasses, 
the  log-line,  and  other  instruments  for  celestial  observa- 
tions ; as  forestafis,  quadrants,  and  other  sectors,  drc. 

Navigation  turns  chiefiy  upon  four  things ; twoof  which 
being  given  or  known,  the  rest  are  thence  easily  found  out. 
These  four  things  are,  the  difference  of  latitude,  difiference 
of  longitude,  the  reckoning  or  distance  run,  nud  the  course 
or  rhumb  sailed  on.  The  latitudes  arc  easily  found,  and 
chat  with  sulficicot  accuracy  : the  course  and  distance  are 
bad  by  the  log-line, br  dead  reckoning,  toother, with  the 
compass.  Nor  is  there  any  thing  wanting  Co  Abe  per- 
fection of  navigation,  but  to  determine  ibe  longitude. 
Mathematicians  and  astronomers  for  many  ages  have  ap- 
plied themselves,  with  great  assiduity,  to  supply  this  grand 
desideratum,  but  not  altogether  with  the  success  desired,  ^ 
considering  the  importance  of  the  object,  and  tbc  magni- 
ficent rewards  offered  by  several  stales  to  the  discoverer. 
See  LoNoiTirDK. 

Sub-Murine  Navigation,  or  the  art  of  sailing  under’ 
water,  is  mentioned  by  Mr  Boyle,  as  the  desideratum  of 
the  art  of  navigation.  This,  he  says,  was  successfully  at- 
tempted, by  Cornelius  Drebbel ; several  persons  who  were 
in  the  b^l  breathing  freeiy  all  the  time.  See  Divitio- 
BcfL 

Iniand  Navigation,  is  that  performed  by  smallArraft, 
upon  canals,  &c,.cut  through  a country. 

NAVIGATOR,  a person  capable  of  conducting  a ship 
at  sea  to  aiw  place  proposed. 

NAUTICAL  Chart,  the  same  as  Sca-Chart. 

Nautical  Compass,  the  same  as  Sea-Compass. 

S AV  TIC  A L Planisphere,  a projection  or  construction  of 
the  terrestrial  ^obc  on  a plane,  for  the  use  of  marinen  ; 
such  as  the  plane  chart,  and  Mercator's  chart. 

NEAP,  or  NEET-7jder,  are  those  that  happen  at  equal 
distances  between  tbc  spring  tides.  The  neap  rides  are  the 
lowest,  as  the  spring  tides  are  the  highest  ones,  being  tbo 
opposites  to  them.  And  as  the  highest  of  the  spring  tides 
happens  about  3 days  after  the  full  or  change  of  the  moon, 
so  the  lowest  of  the  neap  tides  fall  about  3 days  after  the 
quarters,  or  4 days  before  the  full  and  change  ; when  the 
seamen  say  it  is  deep  neap. 

NEAPED.  When  a ship  wants  water,  so  that  she 
cannot  get  out  of  the  harbour,  out  of  the  dock,  or  off  the 
ground,  they  say,  she  is  neaped,  or  beneaped. 

N£BUL£,  or  Nlbvlous,  orClotidy,  a term  applied  - 
N 
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lo  muin  fixi  cKUfs^  >li«w  a dim,  liaiy  Mght ; bting 
]«b<i  Ihao  tho6Cct.Uic  6iii  iiidgnitudi‘,aiid  timrcfwrc  scarcc'* 

Jy  visible  lo  tiic  naked  eye,  to  which  wl  best  they  only  ap' 
pear  likeliulo  duiky  speck*  or  clouds.— Throu|»h  a njotlc- 
ruio  U lescope,  most  of  these  nebtHuus  stars  plainly  appear 
to  be  corigerii'*  or  clu'<(cr*  of  several  littlq  stars.  In  the 
III  buhjusslarcalK'd  Pricsepc,  in  the  breast  ofCancer,  there 
are  leckimed  30*  little  surs,  3 of  which  Mr.  Flamsteed 
set*  don  n in  hiscalalopue.  In  the  nebulous  star  of  Orion, 
arc  nckoncd’Sl.  ' F.  le.Compie  adds,  l)i::t  ihcie  are  40 
in  the  Pleiades;  1*.^  in  the  star  in  the  middle  of  Orion** 
sword  ; 300  in  the  extant  gf  two  degrees  of  the  same  con- 
stellation ; and  2300  in  the  whole  constellation.  It  may 
fu>  liter  be  obser\ed,  that  the  galaxy,  or  milky'svay,  is  a 
continued  assemblage  ol  nebulae,  or  vast  clusters  of  small 
star>. 

Tiiough  some  of  these  nebulous  spots  in  the  heavens 
consiht^of  elustersof small  stars, others ap|>car  asiuminous 
spots  of  difTerent  forms.  A remarkable  one  bin  the  mid- 
way between  tlie  two  stars  on  the  blade  of  Orion’*  sword, 
marked  5 by  Buyer,  discovered  in  tjie  year  lb‘36  by  Huy- 
gens : It  contains  only  7 stars,  and  tlie  other  part  b a 
bright  spot  on  a dark  ground,  appearing  like  an  opi-iuug 
into  brighter  ri‘gi<tus  beyond. 

Dr.  llalley  and  other*  have  discovered  nebulx  in  seve- 
ral parts  of  the  heavens.^  In  the  Connobsance  dcs  Temps, 
for  1783  and  !78i,  there  is  a catalogue  of  103  uebula^, 
observed  by  Messier  and  Mcebain.  But  lo  Dr.  ilerschcl 
we  owe  caialogm  s of  20OU  nebulae,  and  clusters  of  stars, 
discovcre<l  by  him.  Some  of  these  fown  a round  compact 
system  ; others  urc  more  irregular,  and  of  various  forms, 
some  biing  long  .ind  narrow.  The  gh^bular  systems  of 
stars  ap|K-ar  thicker  in  (he  middle,  than  they  would  do  if 
(he  stars  were  all  at  equal  distances  from  each  other;  they 
are  therefore  condensed  toward  the  centre,  These  he 
*8upposcsarc  brought  together  by  their  mutuul  attractiens, 
and  that  the  gradual  condensation  toward  the  centre  ba 
proof  of  a central  |K)wcr  of  such  a kind  ; und  that  though 
ihe  form*  are  various,  it  is  plain  that  there  is  always  n 
tendency  to  sphericity.  And  granting  that  these  nebulx 
and  clusters  of  stars  arc  formed  by  mutual  attraction,  Dr/ 
H.  concludes,  that  wc  m:iy  judge  of  their  relative  age  by 
the  disposition  of  their  component  parts,  those  bi'iiig  the 
oldest  Unit  are  roost  comprrvsed.  He  supposes,  and  iii- 
iUed  offer*  powerful  arguments  to  prove,  that  the  milky- 
way  is  the  nebula  of  which  our  sun  b one  of  its  compo- 
nent parts. 

Dr.  Hcnchel  has  also  discovered  other  phenomena  in 
the  beavens,  which  he  calls  nebulous  stars;  that  is,  stars 
surrounded  by  a faint  luminous  atmosphere  of  large  ex- 
tt*nt«  Those  which  have  been  thus  styled  by  other  astro- 
nomers, he  says,  ought  npt  to  have  been  lu  called  ; for, 
on  examination,  they  have  proved  to  be  cither  mere 
ciu.slers  of  stars  plainly  to  be  distinguished  by  his  large 
ti-lescopt'S,  or  such  nebulous  ap|>earanccii  as  might  be  oc- 
casioned by  a multitude  of  star»  at  u vast  distauce.  The 
niilky-way  corisbU  entirely  of  star* ; and  he  says, I have 
been  led  on  by  degrees  from  the  most  evident  congeries  of 
stars,  tif  other  groups  in  which  the  lucid  points  were 
smaller,  but  Mill  very  plainly  to  be  seen  ; and  from  them 
to  such  in  which  they  could  barely  be  su>p«'cted,  until  I 
arrivi-d  at  la«>t  to  spots  in  w hich  no  trace  of  a star  wu*  to  be 
dUcovtrcd.  But  then  tlie  gradations  to  these  latter  were 
by  such  connected  sle;>s,  a*,  left  no  rqom  for  doubt,,  but 
that  all  tbete  phenomena  were  equally  ogca^ioned  by  stars 


variously  dispersed  in  the  immense  expanse  gf  the  uni- 
verse,” 

In  the  same  paper  b given  an  account  of  some  nebulous 
star>,  one  of  which  b thus  described:  *'  Nov.  13, 1790. 

A most  singular  phenomenon  i A star  of  the  8lb  magni- 
tude, with  a faint  luminous  atmospheti,  of  a circular  form, 
and  of  about  3'  in  diameter.  The  star  b pcrlecily  in  the 
centre,  and  the  atmosphere  is  so  diluted;  hiint,  and  equal 
throughout,  that  there  can  be  no  surmise  of  it$  consisting 
of  stars,  nor  can  there  be  a doulilbf  the  evident  cr)tinectjon 
bctwtcii  the  atmosphere  and  the  star.  Another  star,  not 
niuch  less  in  brighuftss,  and  in  the  same  held  of  view  with 
the  above,  was  perfectly  free  from  any  such^appiarance. 
iicnee  Dr;  H.  dr.iw*  the  following  Consequences  : granting 
(he  connection  between  the  star  and  the  surruuniling  ne- 
bulosity, if  it  consist  of  star*  very  remote,  which  gives  the 
nebulous  appearance,  the  central  star,  which  b visible, 
iiitisi  be  imiiH  nsely  greater  than  the  rest ; or  if  the  central 
star  be  no  largtT  than  common,  how  c.xtn'inely  small  and  ' 
compressed  must  be  those  other  luminous  points  which 
occasion  the  nebalosity.  As,  by  the  former  supposition, 
the  luminous  central  point  must  far  cxcccxl  the  standard 
of  what  we  call  a star ; so  in  the  latter,  the  shining  mat- 
ter about  the  centre  will  be  too  siimll  to  come  under  (lie 
same  denomination ;- we  therefore  eilhcT  have  a central 
body  which  is  not  a s>ur,  or  u Mur  which  is  involved  in  a 
shining  Huid,  of  n nature  totally  unknown  to  us.”  This 
last  opinion  Dr.  11.  adopts. 

Tight  reflected  from  tke  star  could  not  be  seen  at  ^i$ 
distance.  Besides,  ibe  outer  parts  are  nearly  as  bright  as 
those  near  the  star.  Further,  a cluster  of  stars  will  nut  *o 
completely  account  for  the  inihlness  or  soft  tint  of  the  light 
of  tbese-nebuio;,  a*  u sidf-luminous  tluid.  Whaf  a held  of 
novelty,  says  Dr.  II.,  is  here  opened  to  our  conceptions  ( 
A shining  fluid,  of  a brightness  suflicient  to  reach  u»  from 
the  regions  of  a star  of  the  8th,  .Olh,  lOlh,  1 ilh,  I2tli  nia^t- 
nitude  ; and  of  an  extent  so  considerable  av  to  take  up  3, 
4,  5,  or  (i  minutes  in  diameter.  He  conjectures  (hat  this 
stHning  fluid  may  be  conipo>ed  of  the  light  perpelualiy 
emitted  from  minions  of  star*.  See  Fliilo*.  Traus.  au. 
I75)lj  pa- 1,  or  my  ALridg.  vol.  \7y  pa.  18. 

In  the  vol.  forlStl,  pa.2()9.  Dr.  Ilorvcbe)  has  much 
farther  continued  lib  obseivaiions  into  the  nature, ’ con- 
struction, and  uses  of  nebulous  matter,  lie  shows  that  it 
is  distributed  through  Uie  immensil}  of  space,  in  quantities 
inconceivably  great,  and  in  separate  collections  of  all 
shapes  and  sires,  and  of  all  degrees  of  brightm  **,  between 
a mere  milky  apfH'nrance  and  that  of  a fixed  scar.  He 
slates  substunti^  reasons  for  conceiving  timt  the  whole 
furniture  of  the  universe  is  furnished  and  formed  out  of 
collections  of  U;  that  it  is  naturally  opaque  though  self- 
shining ; that  by  its  central  giavliation  each  cujicciion 
gradually  becomes  more  and  more  condensed,  uad  more 
and'murc  rounded  in  ili  form  ; that  from  the  excentricity 
of  its  shape,  and  gravitation,  it  acquires  gradually  a rotary 
motion;  that  probably  this  comlwiivation,  and  ruuiidncsa, 
and  rolaliun,  go  on  continually  inercaoing,  till  the  mass 
<^nne  to  a b.ard  or  Arm  consistence,  and  n-ceive  ail  the 
other  character*  of  n comet  or  a plam  t;  that  by  a still 
further  process  of  condensation,  the  bu<ly  brcpmes  a real 
star  sall-shining;  and'tliat  thus,  llie  waste  of  the  ceh'^tiul 
bodies,  by  the  perpetual  diffusion  of  tbiir  li',dit,  is  con*ti- 
Tiuully  corupensated  and  restored,  by  new  I'orrriaiions  of 
such  bodies,  to  replenish  for  ever  the  Adverse  with  }<!anels 
and  stars ! 
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Dr.  ff.  bas  aj*ain  retarneO  to  this  prolific  subjeci,  in  a 
paper  communicaU'il  to  the  Royal  Socii-ty,  and  rend  at  their 
mei*tin"»  Feb.  2+,  and  March  3,  1814.  lie  hen?  rilafes 
bin  ub&ervatiuns  oh  the  relative  ma^nitudi^  of  the  stars, 
considering  those  of  the  first  magnitude  to  be  equal  to  our 
sun  ; determined  the  ma;4nitU(k*s  and  chaiigfs  iri  the  ap- 
pearance of  a great  number  of  fi.'ced  stars  ; gave  a lusto'ry 
of  the  alterations  uhich  he  noticed  in  the  aspect  of  the 
sidereal  heavens,  during  the  last  30  years ; and  dc'cribi-d 
those  stars  which  have  increased  in  inacnitude  or  bril- 
liancy, have  lost  or  acquired  surrounding  nehuUn,  or  have 
had  wings,  or  tails,  or  other  peculiarities.  He  srenis  of 
opigion  that  new  sidereal  bodies  are  in  a constant  anr)  pro- 
gressive state  of  futumtion;  that  nebulous  appearances 
gradually  assume  a globular  form.  He  considers  the  ori- 
gin and  progress  of  sidereal  bodies  to  be  nearly  in  the  fol- 
lowing order:  first, 'vague  and  indistinct  nebular,  like  the 
milky-way  ; 2d,  detached  of  clustered  nebula,  which  con- 
solidate into  clusters  of  stars ; 3dly,  these  stars,,  becoming 
more  definite,  appear  with  nebulous  tfqicndages,  in  the 
difien'nt  fornuof  wingsttails,  &c;  and  lastly,  that  all  are 
finally  concentrated  into  one  clear,  bright,  and  large  star. 

KEEDHA.M  (Johji  Ti;BE.ii.viLi.f.),  a a'S|K'ctablc phi- 
losopher and  catholic  divine^  was  born  at  Ixindon  Decem- 
ber 10,  17J3>  His  lather  p'j$8esscd  a considerable  patri- 
mony alHiiston,  in  the  county  uf  Monmouth,  being  of  the 
catholic  branch  of  the  Ni'eilham  family,  and  who  died 
young,  leaving  but  a small  fortune  to  hit  four  children. 
Our  author,  w ho  was  the  eldest  son,  studied  in  the  Knglisb 
college  of  Douai,  where  he  took  orders,  taught  ihefo^c  fur 
several  years,  and  surpiissed  all  the  other  profcaaors  of 
that  seminary  in  the  knowledge  of  experimental  philo- 
sophy. 

In  1740,  hr  was  engaged  by  bis  superiors  in  the  service 
of  the  Fbiglish  mission,  and  was  intrusted  with  the  di- 
rection of  the  sch<iol  erected  at  Twyford,  near  Winches- 
ter, for  the  education  of  the  Roman  Catholic  youth.— 
Ill  174  I he  was  appointed  professor  of  philosophy  in  iho 
Engli^h  college  at  l.isbon,  where,  on  account  of  his  had 
health,  he  remulned  only  15  months.  After  his  return,  he 
passed  several  years  at  London  and  Paris,  which  were 
chiefly  employed  in  microicsipical  obscnratinni,  and  in 
other  branches  of  experimental  philosophy.  The  results 
of  these  observations  and  e.xperiments  were  publisheil  In 
the  Philos.  Tram*,  in  the  yimr  174p,  and  in  a volume  ia 
12mi>  at  Paris  in  l750;«rtd  .an  account  of  them  wa.s  also 
given  by  M.  BulTon,  in  the  first  volumes  of  bis  nnlttrai 
hiitojy.  An  intimate  connection  subsisted  fur  a long 
lime  l/otweeh  Mr.  Needham  and  this  illustrious  French 
naturalist:  they  made  their  experiments  and  observations 
top-thcr;  though  the  results  and  systems  which  they  de- 
duced from  the  same  objects  and  operations  were  totally 
different, 

Mr.  Neeilham  was  elected  a member  of  the  Royal  So- 
ciety of  London  in  the  year  1747»nnd  of  the  Antiquarian 
''ociety  some  time  after.— From  the  year  1751  to  17f>7  he 
was  chiefly  employed  in  finishing  the  rduoation  of  several 
En"li“n  atid  Irish  noblemen,  by  attending  them  as  tutor 
in  their  travels  through  France,  Italy,  and  other  countries. 
He  then  retired  from  this  wandering  life  to  the  English 
seminary  at  Paris,  and  in  l7f>8  was  chosen  by  the  Royal 
Academy  of  Sciences  in  that  city  a corrtsponding  member. 

When  the  regency  of  the  Austrian  Netherlands,  for 
the  revival  of  pliiioi»ophy  and  liierature  in  that  country, 
formed  the  project  of  an  Imperial  Academy,  which  was 
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pn^etlfd  bv  the  erection  of  a small  literary  society  to  pre» 
pare  tbe  way  for  its  execution,  Mr.  Needham  was  inured 
to  Urusst'ls,  and  was  appointed  successively  chief  director 
of  both  these  foundations; an  uppotntnu-m  which  he  held, 
tr>gelhcr  with  «-ome  i*cclesia»iical  prehTments  in  the  Low 
Countrir<»,  till  his  death,  which  happened  December  the 
30:h  178L  - 

Mr.  Needham's  papers  inserted  in  the  Philosophical 
Trantisciioi^,  were  th*-  fi.llowing,  viz;  ^ 

1.  Account  of  Chalky  'I  uUmIukr  Cnncrciidns,  called 
Malm:  vol.42.—2.Micro«copicalOh*ervauons  on  Worms  irf* 
SmiiltyCorn:vol.42.— 3.F.h'CtriculI’Apeiimv'ni'.lt»’«-ly  made 
at  Paris:  yol,  44.-4.  Account  ef  M.  Ruti'ins  Mirror, 
whkh  bums  at  60*  feet : ib.  — 5.  Ohservaiiuns  on  the  Ge- 
neration, Composition,  and  Decomposition  of  Animal  and 
Vegetable  Substances;  vo|.  45.-^0‘.  On  the  Discovery  t»f 
Asbestos  In  France:  vol  51. 

Other  works  printa;t  at  Paris,  in  French,  are, 

1.  New  Microscopical  DiscovcrM*s:  1745. 

2.  Tbe  same  enlarged : 1 7.50. 

3.  On  Microscopical,  and  the  Gencraliun  of  C '.mizcd 
Bodies:  2 v<»U,  l76o. 

NEF.ULE,  Mngneticaf,  denotes  a needle,  or  a slendt  r 
piece  of  iron  or  steel,  touched  with  a loadstone  : which, 
when  frecly*su^pendid  on  a pivot  or  centre,  on  which  it 
plays,  settles  at  length  in  a certain  direction,  either 
duly,  or  nearly  north-ami»soath,  and  called  the  magnetic 
meridian.  Magneiical  needles  are  of  two  kinds;  huriaon- 
tal  and  inclinatory.  . * • 

Horironrn/ Needx.cs,  are  those  equally  balanced  on 
each  side  of  the  pivot  which  sustains  them;  and  which, 
playing  horixontally,  with  their  two  extremes,  point  out 
the  north  and  south  parts  of  the  horizon. 

ConstructUm  of  a 7/urizon/a/  Necdlk.  Having  pro- 
cured a thin  light  piece  of  pure  steel,  about  6 inches  long, 
a perforation  is  made  in  tne  middle,  .over  which  a brass 
Cap  is^oldcrcd  on,  having  its  inner  cavity  conical,  so  as 
to  play  freely  on  the  stile  or  pivot,  which  has  a line  sti^el 
point.  To  give  the  ncH'dIe  its  vcriicity,  or  directive  faculty, 
it  is  rubbed  or  stroked  leisurely  on  each  pule  of  a magnet, 
from  the  south,  pole  towards  the  north  j first  beginning 
with  the  northern  end,  and  going  back  at  each  rcpraicd 
stroke  towards  the  south  ; biiiig  cnreful  not  to  give  a 
stroke  In  a contrary  direction,  which  would  counteract 
the  power  it  had  alrea<ly  obtained.  Also  the  hand  should 
not  return  directly  hack  again  the  same  way  it  came,  but 
should  return  in  a kind  of  oval  figure,  carrying  it  about 
fi  or  8 incht^  beyond  the  point  where  tbe  toOch  rnded,' 
but  hot  beyond  on  the  side  where  the  touch  begins. 

Before  louciting,  the  north  end  of  the  nmllc,  in  our 
hemisphere, 'is  made  a little  lighter  than  the  other  end; 
because  thu  touch  always  destroys  an  ox.ict  balance,  and 
thus  causing  the  needle  to  dip.  And  if,  after  touching, 
the  needle  be  out  of  its  equilibrium,  sometlung  must  be 
filed  otT  from  the  heavier  side,  till  it  be  found  to  balance 
evenly. 

may  also  acquire  tbe  magnetic  virtue  by  mrnns 
of  artificial  magnetic  bars  in  the  following  manner  ; I.ay 
two  equal  needles  parallel,  and  about  an  inch  asunder, 
with  the  north  end  of  one  and  the  south  end  uf  the  other 
pointing  the  sa!Tne  way,  and  apply  two  cunducteirs  In  erm- 
tact  with  their  ends:  then,  with  two  magnetic  hard  burs,  • 
one  in  each  band,  and  held  as  nearly  horizorHal  as  can  be, 
witli  the  upper  end*,  of  contrary  names,  turned  outwards 
to  the  right  and  left/ let  uiimlle  be  stroked  or  rubbed 
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trure  the  middle  to  both  end«  at  the  Mine  time,  for  ten  or 
twelve  times,  the  north  end  of  a bar  going  over  the  south 
end  of  a needle,  and  the  south  end  of  a bar  going  over  the 
north  end  of  a riet-d^c:  then,  without  moving  from  the 
place,  change  hands  with  the  bars,  or  in  the  same  hands 
turn  the  other  ends  downwards,  and  stroke  the  other 
needle  in  the  same  manner  *,  so  will  they  both  be  magneti* 
cai.  But  to  make  them  still  stronger,  repeat  the  opera* 
tion  three  or  four  times  from  needle  to  n^lei  nnd  lastly 
turn  the  lower  side  of  each  needle  upwards,  and  repeat 
the  uperatinns  of  touching  them,  as  on  the  former  sides. 

The  needles  that  were  formerly  oppUed  to  the  compass, 
on  board  mercbant*sbips,  were  formed  of  tw^  pieces  of 
steel  wire,  each  being  ^iit  in  the  middle,  so  as  to  form 
an  obtuse  angle,  while  their  ends,  being  applied  together, 
make  an  acute  ooc,eo  that  the  whole  represented  the  form 
of  a lozenge.  Dr.  Knight,  who  has  so  much  improved 
the  compass,  found,  by  repeated  experiments,  that  partly 
from  the  foregoing  structure,  and  partly  from  the  unequal 
hardening  of  tlie  ends,  these  needles  not  only  varied  from 
the  true  direction,  but  from  one  another,  and  from  them* 
selvea.***AUo  the  nci-dlcs  formerly  used  on  board  the  men 
of  war,  and  some  of  the  larger  trading  vessels,  weie  made 
of  one  piece  of  steel,  of  a spring  temper,  nnd  brdad  to- 
wards the  ends,  but  tapering  towards  the  middle.  Every 
needle  of  this  form  is  found  to  have  six  poles  instead  of 
two,  one  at  each  end,  two  where  it  becomes  tapering,  and 
two  at  the  hole  in  the  middle.  * 

To  remedy  these  errors  and  inconveniences,  the  needle 
which  Dr.  Kmght  contrived  for  bis  compass,  is  a slender 
paralklopipedon,  bemg  quite  straight  and  square  at  the 
ends,  and  so  has  only  two  poles;  but  the  curves  are  a 
little  confused  about  the  hole  m the  middle,  though  it  is, 
upon  the  whole,  the  simplest  and  best. — Mr.  Michel)  sug* 
gests,  that  it  would  bo  useful  to  iiicreaso  the  weight  and 
length  of  magnetic  needles,  which  would  render  them 
both  mure  accurate  and  permanent ; also  to  cover  them 
with  a coat  of  linseed  oil,  or  vaniish,  to  preserve  ibora 
from  rust. — A needle  may  be  prepared  occasionally  with- 
out touching  it  an  a loadstone : for  a fine  steel  sewing-neo- 
dlc,  gently  laid  on  the  water,  or  delicately  suspended  in 
the  air,  will  take  the  north*and*soutb  direction.*— Thus 
also  a needir  heated  in  the  fire,  and  cooled  again  in  the 
direction  of  the  meridian,  or  only  in  an  erect  position, 
acquires  the  same  faculty. 

DccUnatim  or  Variaiion  qf  ike  Needle,  is  the  devia- 
tion of  the  horizontal  needle  from  the  meridian ; or  the 
-angle  it  makes  with  the  meridian,  when  freely  suspended 
in  an  horizontal  plane.  A needle  is  always  changing  the 
line  of  its  direction,  traversing  slowly  to  certain  limits  to- 
wards the  cast  and  west  sides  of  the  meridian.  It  was  at 
first  thouglit  that  the  magnetic  needle  pointed  due  north; 
but  it  was  observed  by  Cabot  and  Columbus  that  it  had  a 
deviation  from  the  n(»rth,  though  they  did  not  suspect  that 
this  deviation  had  itself  a variation,  and  was  continually 
changing.  This  change  in  the  variation  was  first  observed, 
according  to  Bond,  by  Mr.  John  Miir,  secondly  by  Mr. 
Gunter,  and  thirdly  by  Mr.  Gcllibrand,  by  comparing  to- 
gether the  observatious  made  at  different  times  near  the 
same  place  by  Mr.  Burrowes,  Mr.  Gunter,  and  himself, 
on  which  subject  he  published  a discourse  in  l6S5.  Soon 
after  this,  Mr. Bond  ventured  to  deliver  the  rate  ut  which 
the  variation,changcs  for  several  years  ; by  which  he  fore- 
told that  at  London  in  1657  there  would  be  no  variation 
of  the  compass,  and  from  that  time  it  would  gradually 
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increase  the  other  way,  or  towards  the  west,  making  ap- 
parent vibratory  motions  between  certain  limits  ; which 
happened  accusingly : and  U|K>n  this  variutMiii  ne  proposed 
a method  ut  finding  the  longitude,  whioti  bcttilorilier 
improved  by  many  others  t>mce  his  itme,  though  wiin  very 
little  success.  See  VAni^rioN. 

The  period' of  the  vurution,  accordiiig  to  Mr.  Henry 
Philips,  is  only  370  years,  but  Mr.  Bomi  (iOO  years,  and 
their  yearly  motion  36  mmuto.  '1  he  tir^l  goo<j  ob»ei^ 
vations  of  the  vurijtion  were  ii:ude  by  hurrowi-s,  about 
the  year  J 580,  when  the  variation  at  London  was  ) 16' 

east;  and  since  that  time  the  ntcdic  has  hetm  moving  to 
the  westward  at  that  place;  also  by  the  obseivauotu  of 
different  persons,  it  has  been  found  to  point,  at  different 
times,  as  below : 

Yaiv.  Obwfrren.  Vsnio  £.  or 

1560  Burrowes  » * .11^^  15' 

16^2  Gunter  - . 5 56 

l634  Cellibrand  • - 4 3. 

1640  Bon4  • - 3 7 

l6'57  Bond  --*00 

1665  Bund  - 1 23  West. 

1 666  Bond  - - 1 36 

1672  - - - 2 30 

1683  - - 4 30 

1692  - - - 6 00 

1723  Graham  - • U 17 

1747  - * - - 17  40 

1774  Royal  Society  - 21  1^  • 

1775  Ro^  Society  - 21  43 

1776  Royal  Society  - 2l  47 

1777  Royal  Society  - 22  12 

1778  Royal  Society  - 22  20 

1779  Royal  Society  • 22  28 

1780  Royal  Society  - 22  41 

1804  Royal  Society  - 24  10 

1805  Royal  Society  - 24  8 

IS06  Royal  Society  • 24  9 

1807  Royal  Society  - 24  10 

1808  Royal  Society  • 24  12 

1812  Royal  SiKii'ty  • 24  10 

By  this  table  it  appears  that,  from  the  first  observations 
in  1580  till  l657»  the  change  in  the  variation  was  1)^  15' 
in  77  years,  which  is  at  the  rate  nearly  of  9'  a year;  and 
from  1657  till  1780, or  the  spaceof  123  years,  it-ebanged 
22^  41',  which  »4U  the  rate  of  It'  a^ear  nearly  ; which 
it  may  be  presumed  is  very  near  the  truth. 

The  variation  and  dip  of  the  needle  was  for  many  years 
carefully  obeerved  by  the  Royal  Society  while  they  nset  • 
at  Crane-court ; but  were  discontinued  for  many  years 
after  removing  tp  their  new  apartments  in  Somerset-place  ; 
though  they  have  lately  been  there  renewed  again. 

Dipping,  or  Inctioaiory  Needle,  is  a needle  to  show 
the  dip  of  the  inagneuc  needle,  or  how  far  it  points  below 
the  horizon. 

The  inclination  or  dip  of  the  needle  was  first  observed 
by  Robert  Norman,  a compass-maker  at  Ratclifle ; and 
according  to  h^m,  the  dip  at  that  place,in  (he  year  1576, 
was  71^  50* ; and  at  the  Royal  Society  it  wa»  observed 
for  some  years  lately  as  follows: 

viz.  in  1776  -,  72®  3(/ 

1778  - 72  25 

1780  - 72  17 

1805  - 70  25 

1808  • 70  1 
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Mr.  Henry  Bond  makee  the  variation  and  dip  of  the 
needle  depend  on  the  »atne  motion  of  the  magnetic  pules 
in  their  revolution,  and  upon  it  he  founded  a method  of 
discovering  the  longitude  at  sea. 

NELP  Tide$.  hcc  Nbap  Tides, 

NEGATIVE,  in  Algebra,  something  marked  with  the 
sign  — , or  minus,  as  being  conli^ry  to  such  are  pHjsitm-, 
or  marked  with  the  Sign  plus,  ; as  iiegHttve  powers  and 
roo(»,  n'gaiivc  quantities, &c.  .Sic’Powtii,  Hoot, 

TlfT,  OtC, 

N roAT  I vn  Sign,  the  sign  of  tubtracdun  — , or  that  which 
denotes  »oinethiug  ill  dcfi*ct.  Stiti^l  is  the  tirst  author  1 tind 
who  UK-J  this  mark  — for  subtrnc(ion>*or  negnlion;  bc- 
f»rc  his  lime,  the  word  minus  ilscli  was  used,  or  dsi^  its 
initial  m. 

The  use.of  the  negati\’c  sign  in  algebra,  is  attended  with 
several  cunscquenct-s  which  at  lirst  sight  are  iK>t  ndniittcd 
without  some  ditftculty,  and  has  sometimes  given  occudon 
to  noliom  that  seem  to  have  no  real  fuutKlutioo.  ThUsign 
iinplios,  that  the  real  value  of  the  quantity  reprt  <k'nte<i  by 
the  letirr  to  which  it  is  prelixcO,  U to  be  subtr.ictud  ; and 
it  serves,  with  the  positive  sign,  to  keep  lu  view  what  elt»> 
rociits  or  parts  enter  into  the  composition  of  quantities, 
and  in  wliat  manner,  whether  as  incremeuu  or  decrements, 
tlia.ris  wholher  by  addition  or  subtraction,  which  is  of 
great  U'C  it^algebra. 

Hence  it  st'rves  to  express  a quantity  of  an  opposite 
quality  to  a positive;  such  as  a line  in  a Contrary  por- 
tion, a motion  with  opposite  direction,  or  a centrifugal 
force  in  opposition  to  grsivity  ; and  thus  it  often  saves  the 
trouble  of  distinguishing,  and  demonstrating  separately, 
the  various  cases  of  proportions,  and  preserves  theif  ana* 
logy  in  view.  But  as  the  proportions  of  lines  depend  on 
their  magnitude  only,  without  regard  to  their  position  ; and 
motions  and  forces  are  said  to  be  equal  or  unequal,  inany 
given  ratio,  without  regard  to  their  directions;  and  in  ge- 
neral the  proportion  of  quantities  relates  to  their  raagni* 
tude  only,  without  determining  whether  they  arc  to  be  con- 
sidered as  increments  or  decrements;  so  there  is  no  ground 
to  imagine  any  other  proportion  of  -»•  « and  — 6»  than 
that  of  the  real  magnitudes  of  the  quantities  represented  by 
a and  5,  whether  these  quantities  arc,  ia  any  particular 
case,  to  be  added  or  subtracted. 

As  to  the  usual  arithmetical  operations  of  addition, 
subtraction,  &c,  the  case  is  different,  as  the  effect  of  the 
negative  sign  is  here  to  be  carefully  attended  to,  and  is  to 
be  considered  always  as  producing,  in  those  operations, 
au  effect  directly  opposite  to  the  positive  sign.  Thus,  it  is 
the  same  thing  to  subtract  A Cerement,  as  to  add  an 
equal  increment,  or  to  subtract  “ & from  a —>  is  to  add 
>*•  h to  it : and  because  multiplying  a quantity  by  a n^ 
gative  number,  implies  only  a repeated  subtraction  of  it, 
the  multiplying  — & by  ~ a,  is  subtracting  — k as  often  as 
there  are  units  in  n,  and  is  therefore  equivalent  to  adding 
^ h so  many  times,  or  (he  same  as  adding*^  But  if 
we  Mar  from  this,  that  1 is  to  — a aa  ~ 6 to  accord- 

ing Id  the  fule,  that  unit  is  to  one  of  the  factors  as  the 
oibcr  factor  is  to  the  product,  there  is  not  ground  to  ima- 
gine that  there  is  any  mystery  in  this,  or  any  other  mean- 
ing than  that  the  real  quantities  reprvKnted  by  1,  n,  h,  and 

are  proportional.  Fur  that  rule  relates  only  to  the 
magnitude  of  the  factors  and  product,  without  determin- 
ing whether  any  factor,  or  the  product,  is  additive  or  sub- 
tractive. Bui  this  must  he  deUTrouird  in  algebraic  com- 


ff3  ] J NEW 

putations;  and  this  is  the  proper  use  concerning  the  signs, 
without  which  the  operation  could  not  proceed.  * B^ 
cause  « quantity  -to  be  subtracted  is  never  produced,gQ 
composition,  by  any  repeated  addition  of  a positive,  or  re- 
peated subtraction  of  a negative,  a negative  square  num- 
bir  i>  n«*ver  pn»ducid  by  compr.suion  from  a root,  Hehce 
the  y/ — I , or  tile  square  ruiU  of  a negative,  implies  an 
iaia^iiiary  quantity,  iiiul  in  rcsiduium  is  a mark  or  charac- 
ter of  ilic  iiiifHjwsitilc  ca's*-s  of  a problem,  unless  it  is  com- 
IHiisatcd  by  imaginary  »yml>ol  or  sup;K>sition,  for 

then  the  whole  exp»*essiv»  m-ty  have  a real  signification. 
Thus  I y/  — I,  ami  1 — y'  — i,  taken  M’psrately,  are 
both  imaginary,  but  yet  their  sum  is  tlie  number  2 : as. the 
conditions  titat  S'  paiateiy  would  remier  the  solulioh  of  a 
problem  imposisible,  in  some  cases  destroy  each  otlicya 
flfeci  when  conjoined.  In  the  pursuii.of  gebefal  conclu- 
siuus,un<l  of  simple  furin.s  for  rcprc»en  tins  them, expressions 
of  this  kind  must  soraeiimrs  any',  where  the  imaginary 
syn^bol  is  compensated  in  a manner  that  is  nut  always  so 
obviuuv.  By  propter  substitutions,  however,  the  Atpivssion 
muy  be  transfuriiicd  into  aiKuher,  wherein  each  particular 
term  may  have  a teal  sigiufication,  as  well  as  the  whole 
expression. 

The  theorems  (hat  are  sometimes  briefly  discovered  by 
the  use  ijf  this  symbol,  may  be  demonstrated  without  it 
by  the  inverse  operation,  or  some  other  way  ; and  though  ‘ 
such  symbols  are  of  great  use  in  the  computations  in  the 
method  of  fluxions,  trigonometry,  fire,  their  evidence  can- 
not be  said  to  depend  upon  any  arts  of  this  kind.  See 
Maclaurin’s  Fluxions,  book  H,  ebap.  1 ; Maseres's  Use  of 
the  Negative  Sign,  Ludlam's  Algebra,  apd  Carnot's  Ge<v 
reetrie  de  Position. 

For  the  rules  or  ways  of  using  the  negative  sign  in  the 
sevYral  rules  of  algebra,  see  those  rulcsKverally,  vix.  Addi- 
tion, Su  BTaacTiON,  Multiflication,  Ac.  And  for  the 
method  of  managiog  the  roots  of  negative  quantities,  see 
Impossibles. 

NEIL  (William),* an  lentous  mathematician, *oh  of 
Sir  Paul  Neil,  usher  of  the  privy  chamber  tn  King  Charles  1, 
and  was  grandson  of  Dr.  Hd.  Neil,  afehbishop  of  Vork* 
He  was  born  Dec.  7,  1637,  and  was  educated  at  Oxford, 
in  Wadham-college,  undet  Dr.  Wilkins;  by  whose  instnic- 
tinns,  and  those  of  Dr.  Seth  Ward,  be  greatly  improved 
hit  genius  in  mathematics.  His  success  in  that  study 
appeared  as  early  as  16'57i  at  19  years  of  age,  when  be, 
first  of  any  one,  accurately  rectified  a curve  line,  the  sc- 
micubical  parabola,  as  was  testified  by  the  letters  of  Dr. 
Wallis,  Lord  Viscount  Brouncker,  and  Sir  Chr.  Wren, 
printed  ia  the  Philos.  Trans,  an.  l673,  and  roy  Abridg. 
vol.  2,  pa.  f 12.— Mr.  Neil  became  an  early  member  of  the 
Royal  Society,  of  which  be  was  elected  a fellow  in  1563. 
And  bis  Theory  of  Motion  was  communicated  in  the  w~ 
ciety  in  1669.  But  the  further  expectations,  which  had 
been  qpneeived  of  his  genius  in  mathematical  and  philoso- 
phical subjects,  were  disappointed  by  his  early  death,  which 
happened  1670,  in  the  3dd  year  of  his  age.*  ' 

NEPER.  %oNapuk.  - ' 

NEWEL,  the  upright  post  that  stairs  turn  about;  Wing 
that  part  of  the  stmrease  which  sustains  the  steps. 

NEWl'ON  (Dr.  John),  an  eminent  English  maihema- 
ticiau  and  divine,  was  the  grandson  of  Johrv  Newton  of 
Axmouth  in  Devonshsre,  and  ion  of  liumplirry  Newton* 
of  Ouadle  in  Northamptonshire,  where  he  was  burn  in 
AAer  receiving  the  proper  foundation  of  a grata- 
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{xivic  itifin,  fie  wns  s^ni  H«>  Oxfor-I,  wKore  he  was 
cuttiTi-*!  a ciijutnomT  ot  Si.  I'dimuici  s-h»il  in  1637.  My 
{lie  fit'frtc  ot  bfj'chclur  ot  arth  in  Ih4l;  nnd  the  year 
foll<A>inij  lu*  wi'  (Tculeil  nmsti  r,  in  prerf  rirnco  to  miiny 
siti  Jcntfc  fl  quality,  on  account  ol  h»!s  ilfsrin‘»ui';hc<l  talents 
in  the  crcHi  hraiiclK's  of  literature.  ll»fi  genius  hading 
Inin  >tronglv  io  r.stronomy  and  mtithe matics,  he  ap- 
plii'd  hinwU  diligently  to  lhos«-  sciences  8S  well  as  to 
titvinity,  and  made  a great  proficiency  in  them,  which 
ho  found  of  Some  service  to  him  during  Cromoell's  go- 
vernment. 

Aller  the  restoration  of  Charles  the  2d,  he  I'eaped  tlir 
fruits  of  his  loyalty : bfii.g  cnalcd  doctor  of  divinity  at 
Oxfor’l,  Sipt.  I6’6l,  he  «u#  made  one  of  the  king’s  chap- 
lains, and  u clor  of  Ilnss  in  Hcrelorilshire,  instead  of  Mr. 
John  Toombrs,  i*jcctc<l  for  nonconformity.  He  held  this 
living  till  his  death,  which  happened  at  Ross  onChristmaa 
day  I07S,  at  oO  year.-,  of  ago, 

Mr.  Wood  gave  him  the  character  of  a cnpncioiis  and  • 
humorsofne.pi'rsun.  However  that  he,  his  writings  arc  a 
proof  (if  lus  great  api^lication  to  study,  und  a sufficient 
monumeni  o)  fits  gcnius  and  skill  in  the  mathematical  sci- 
enct's.  '1’licM‘Hie,  * 

1.  Instiiutio  Madiemailca  : 16'34,  in  Wmo. 

2.  Tabulx  Mathemalica;  in  l2mo. 

* 3.  Asiroiiomirt  Britunnica,  6cc:  4()56',  in  4to. 

4.  Help  to  Calculation ; with  Tablesuf  Dtcliiuition,  Arc: 
1657,  4to. 

5.  Trigonoim  tria  Rritannica,  in  2 bonks;  the  one  com- 
posed by  our  author,  ami  the  other  irunsluicd  from  the 
Latin  of  Henry  Gelliiirand  ; l6:iS,  folio. 

6.  Chilijulcs  Centum  Logarithmorum,  printed  with, 

7.  (fconu'trical  Trig(Uiom' try ; 16’66. 

’ 8.  Mathematical  KU  menls,  3 parts  : l600,  4t0. 

9.  A Perj>eliiHl  Dnuy,  or  Alinnnac  : U»62. 

10.  On  the  Cse  of  itie  Carp'  ntet’s  Rule  : l(>6r. 

J 1.  Ephenici  ides,  shmving  the  intoresland  rate  of  money 
at  6 per  cenr.  &c  : lf>6‘7. 

J2.  Cliiliudes  Centum  I/igarithmorum  ct  Tabula  Ptir- 
tiuin  lVoi>orlionalium : H>67. 

13.  The  Rule  of  Interest,  or  the  Case  of  Decimal  Frac- 
tions, &c,  part  2 : l^<i8,  8vo. 

14.  Sclnxd-pastimes  for  youngcKildren,  AcC:  l6(i9,  8vo. 

J5.  Art  of  Practical  Ganging,  A: c : l(>(»9, 

16.  Introduction  to  the  art  of  Rhetoric:  K>71. 

I7«  1 he  Art  of  Natural  Arithineiic  in  Whole  Numbers, 
and  Fractions  \'^iilg.ir  nnd  Decimal  : lt>71,  8vo. 

18.  The  English  .Academy  ; 1677»  8vo. 

19.  Cosmography. 

20.  Introduction  to  Astronomy. 

21.  Introduction  to  Orography : 1678,  Svo. 

NEWTON  {Sir  Uaac),  one  of  the  greatest  philoaophcrs 

and  inatbematicians  th«'  world  has  produced,  was  bora  at 
Woolslrop  in  Lincolnshire  on  Christmas  day  1642.  Ho 
was  descended  from  the  eldest  branch  of  the  family  of  Sir 
John  Newton, Bart,  w ho  were  IokIs  of  the  manor  of  Wool- 
strop,  and  had  been  peysse^sed  of  the  catHte  for  about  two 
cenruries  before;  to  which  they  bad  removed  from  West- 
ley  in  tbr  same  county,  but  originally  they  came  fmm 
the  town  of  Newton  in  L.incasbire.  Other  accounissay, 

1 think  more  truly,  that  he  was  the  only  child  of  Mr, 
John  Newtou  of  Colejvvortb,  rvear  Ornnthnm  in  Lincoln- 
shire, who  had  there  an  e*tale  of  about  120/.  a ycar^ 
which  he  hept  in  his  own  hands.  His  mother  was  of  the 
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ancient  and  opulent  family  of  the  Ay^^ronghs,  or  Askpw?, 
of  the  same  county.  Our  author  k>vmg  iii»  tathvr  while 
he  was  very  young,  the  c;iie  **f  h»s  education  devolwd  on 
his  mother,  who,  though  she  marriedaghin  alter  his  father’s 
death,  did  not  neglect  to  improve  by  u liberal  education 
tlie  promising  genius  that  was  observed  lu  her  son.  At  12 
ycais  of  age,  by  the  advice  of  his  maternal  ifnclc,  he  wii* 
sent  (b  the  grammar  school  at  Oruniham,  where  he 
made  a good  prohcsency  in  the  language-,  an^  laid  the 
foundation  of  his  future  ^ludle^•.  Even  here  was  observed 
m him  a strong  inclmntioti  to  figures  and  philosophical 
stibj<*ct9.  One  trait  of  this  early  disposition  is  told  ot  him  : 
he  had  then  a rude  method  of  measuring  the  force  of  the 
win<l  blowing  against  him,  by  observing  how  much  fartlfrr 
ho  could  leap  in  the  direction  of  tile  wind,  or  blowing  on  hi« 
back,  than  he  could  leap  the  coytniry  way,  or  oppo^+od  to 
tbc  wind:  an  early  murk  of  hisuriginul  infuiiiinr  gcnii^iv. 

After  a few  yeani  spent  hero,  his  moth(‘r  took  biin  home  ^ 
intending,  ns  she  had  no  other  child,  to  have  the  pleasure 
of  his  company  ; and  that,  after  the  manner  of  his  father 
beCorc  him,  he  should  occupyliisouncvtate.  Buiinsteudof 
attending  to  the  markets,  nr  ibt*  business  of  the  farm,  he 
was  occupied  in  studying  and  poring  over  his  books,  even 
by  stealth,  from  his  mothei's  knowledge.  Un  one  of  iheve 
occasions  his  uncle  discovered  him  one  day  in  a hay-loft 
at  Crunlhnm,  whither  he  had  been  s(nt  (o  tlie  inarkep, 
wolfing  a matheniaiical  problem;  and  having  otherwise 
observed  the  bov's  mind  to  be  unrommonlv  bent  upon  learn- 
ing, he  prevailed  upon  his  sister  t('  part  w itli  him  ; and  he 
was  accordingly  sent,  in  1660,  to  'riiiuly-coUege,  jn  Com- 
hiidge,  where  his  uncle,  having  hiniwll  U*cn  a member  of 
if,  hud  still*  many  friends.  Isaac  was  here  noticed  by  Dr. 
Barrow,  who  was  soon  after  appointed  the  first  Lucasian 
professor  of  mathematics;  and  ohsc'n  ing  his  bright  genius, 
contracted  a great  friendship  for  him.  At  his  outsetting 
here,  Euclid  was  first  put  into  his  hands,  os  usual,  but 
that  author  was  soon  dismissed  ; our  aulhur's  genius  and 
application  hkiu  rendering  him  master  of  the  Klemcntt: 
and  ns  the  atmlyiical  tneibod  of  Ucscartrs  was  then  much  in 
vogue,  he  particularly  applied  to  it,  and  Kepler’s  Optics, 
Acc,  making  sertral  impnivetnents  on  them,  which  he  en- 
tered on  the  margins  of  the  books  as  he  went  on,  as  his 
custom  w-us  in  nliidying  any  author. 

Thus  he  was  eciiploytd  till  the  year  I664,  when  he 
opened  a w.iy  tnio  his  new  method  uf  Flu.xions  and  Infinite 
Series  j :iml  the  saute  year  took  the  degree  of  bachelor  of 
arts.  In  tho  mean  time,  olvserving  that  the  mulhematf- 
cianswrr^  much  (mgsged  in  fb<'  Lusinesi  of  improving 
tcle«-cop(”<,  by  gcmdingglasao  into  mi«  of  the  figures  made 
by  the  ihres'  sections  of  n cone,  on  (he  principle  then  gc- 
ner.illy  entertaiitt^I,  thai  light  was  iiomogenrous,  he  set 
himself  to  grinding  of  opUc  glas>«es,  i^f  other  figures  than 
spheric::!,  having  as  ’^stnrsl  of  the  homogeneous 

nature  id' light;  but  not  hjfimg  premntly  on  any  thing  in 
this  attempt  td  satisfy  his  mTiid.he  procured  a glass  prism, 
tbat  he  might  try  fhc  celebrated  phenomena  of  colours, 
discovered  by  Grirnaldl  not  long  bi  lore.  He  was  much 
pleased  at  fir^t  with  the  vivid  hrigfitnrss  of  the  colours 
produced  by  this  experiment;  Iwt  after  a while,  cotmider- 
ing  them  in  a philosophical  ■n&yvwrith  that  circumspection 
which  wns  natural  to  him, he  was  Kui  |irii>t'd  to  see  them  in 
an  oblong  fprm,  which,  accor<img  to  the  received  rule  of 
refractiong,  ought  to  he  circular.  At  first  he  thought  the 
irregularity  might  posaibly  be  no  more  than  accidental ; 
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but  thif  was  what  he  could  noi  leave  without  further  in- 
quiry: accordingly,  he  toon  invented  an  infallible  method 
of  deciding  ibc  question;  and  the  result  was,  hii  New 
'llirory  of  Light  and  Colours. 

However,  the  theory  alone,  unexpected  aod  surprising 
as  it  was,  did  not  satisfy  him ; he  rather  considered  the 
propcY  use  that  might  be  made  of  it  fur  improving  tele- 
scopes, which  was  his  first  design.  To  tl|^  end,  having 
now  discovered  that  light  was  not  homogeneous,  but  un 
heterogeneous  mixture  of  difivrently  refrangible  rayr,  he 
Cumpuieil  the  errors  arudug  from  (his  difierent  rrfrangi- 
biiity  ;■  and,  finding  them  to  cxcectlsomc  hundreds  of  thnes 
(hosh  uccasio(K‘d  by  .the  circular  figure  of  the  glasses,  he 
threw  aside  his  glass  works,  and  look  n rtectiuns  into  con- 
sideration. I Ic  was  now  sensible  that  optical  iastiuments 
might  be  brought'  to  anywli^^rec  of  perfection  desirad,  iu 
case  tliere  could  be  found  a reflecting  subahince  which 
would  polish  as  finely  as  glass,  and  reflect  as  much  light  as 
glass  transmits,  and  the  art  of  giving  it  a par.iboiical  figure 
bo  also  attained  : but  these  seemed  to  him  very  great  difK- 
cultiea;  nny,  he  almost  tlioaght  them  insuperable,  when 
he  funhrr  considered,  that  en*ry  irrrgulariiy  in  a rtflcctiiig 
superficies  iuak«*s  the  rays  dcviati*  .5  or  6 times  roori'^/ruin 
their  due  cour%r,  than  the  like  irregularities  in  a refracting 
imc. 

ArnitUt  llu-se  speculations,  he  was  forced  from  Cafh* 
bridge,. Ill  I(i6b,  by  the  plague;  and  it  was  more  than  two 
years  before  he  made  nny  turther  progress  in  the  subject. 
However,  he  was  far  from  passing  his  time  idly  iu  the 
country;  on  the  contrary,  it  w^vs  here,  at  this  tune,  that 
lie  first  starietl  tha  hint  that  gave  rise  to  the  :>)item  of  the 
world,  which  is  the  main  suliject  of  the  Principia^  In 
his  reliremrni,  he  was  silling  alone  in  a garden,  when 
some  Apples  falling  from  a tree,  led  his  (hnughts  upon  the 
subject  of  gravity;  and,  retlccting  on  the  power  of  that 
principle,  he  began  to  t'onsidcr,  thut,  as  this  power  is  not 
found  to  be  sensibly  diminished  at  the  r<*inote«t  distance 
from  the  centre  of  the  earth  to  which  we  cau  rise,  neither 
at  the  tops  of  the  loftiest  buddings,  nor  on  the  summits 
of  the  highest  mountains,  it  appeared  to  him  reavunable 
U»  conclude,  Ihut  this  power  must  extend  much  farther 
than  is  usually  t()Ought.  **  Why  nut  as  high  as  the  moonP' 
said  he  to  himself;  **  and  if  so.  her  motion  must  be  in- 
Jlurneed  by  it ; perhaps  .vlic  is  it'laint'd  in  her  orbit  by  it : 
however,  (hough  the  power  of  gravity  is  iw>t  sensibly 
weakt-ne<l  in  the  little  change  of  divtann*  at  which  we  can 
place  ourselves  from  tlie  centre  of  the  earth,  yet  it  is 
possible  that,  at  the  height  of  the  moon,  this  power  may 
differ  in  stn-nglh  much  Irorn  whal  it  is  liere.”  To  make 
an  estimate  whal  might  be  the  degree  of  this  diminution, 
be  considered,  that  if  the  ronnn  bcrrctaiiicd  ind>er  orbit  by 
the  force  of  gravity,  no  doubt  the  primary  planets  are 
carried  about  the  sun  by  the  like  power;  and,  by  com- 
paring (he  periods  of  the  several  planets  with  their  dis- 
taocea  from  the  sun,  be  .found,  that  if  any  power  like  gra- 
vity held  ib^ti  in  (l^ir  courses,  i(«>(n'itglh  must  decreatKi 
in  (lie  dupl^to  proportiuo  of  the  incrunvc  of  distance. 
,'ihis  be  concluded,  by  suppo^it^  tliem  to  move  in  perfect 
circles,  cnneetiirtc  to  the  sun,  from  which  the  orbits  of 
tlie  ureaiest  part  of  them  do  not  much  differ.  Supposing 
tberehire  tlie  lurceof  gravity,  when  extended  to  the  moon, 
to  dectea<»e  in  th^'same  manner,  be  computed  wbcUicr 
that  lorcc  would  be  sufificicni  to  keep  the  moon  in  her 
orbiL 

In  ibis  computation,  being  ubaent  from  books,  be  took 


the  common  estimate  in  use  ^ong  the  geographers  and 
our  seamen,  before  Norwood  bad  measured  the  eurtl^ 
namely,  that  (lO  miles  make  one  d^ee  of  latitude;  but 
as  that  is  a very  erroneous  supposition,  each  degrM  con- 
laiqing  about  <>f),‘ycif  pur  Laglish  miles,  l\i*  computation 
upon  it  did  not  make  the  power  of  gravity,  decreasing  m 
a duplicate  proportion  to  tlie  distance,  answerable  tp  the 
power  which  retained  tbc  moon  in  her  orbit:  whence  he 
concluded,  that  some  other  cause  must  at  least  join  with 
llio  action  of  the  power  ofgravity  on  the  moon.  For  this 
reason  he  laid  aside,  fur  that  time,  any  further  thoughts  on 
th«  matter.  Mr.  WhUtoii  (in  his  Memoirs,  pa.  33)  says, 
he  told  him  that  he  thought  Descartes’s  vortices  might 
concur  with  , the  action  of  gravity. 

Nor  did  he  resume  this  inquiry  on  his  return  to  Cam- 
bridge, which  was  shortly  atler.  'rbc  irbtli  is,  his  thoughts 
were  now  engaged  on  his  newly  projected  teili'CUng  tele- 
scope, of  which  he  made  a small  s;»«cimeii,  with  a metal- 
lic rcfiector  spherically  concave.  It  was  hut  a rude  essay, 
chiefly  defective  from  the  want  of  a good  polish  for  the 
metal;  which  instrument  is  now  in  the  possession  of  the 
Uoyal  Society.  In  1^67  be  was  chosen  fellow  of  his  col- 
lege, and  took  *the  degree  of  master  of  arts.  And  in 
IbO'.U,  ])r.  Harrow  resigned  to  him  the  mathematical  chair 
at  Cambridge,  the  liuviness  of  which  appointment  inter- 
rupted for  a while  Ins  attention  to  the  telescope : however, 
as  his  thoughts  had  been  for  some  time  cbielly  employed 
upon  optics,  he  made  his  discoveries  in  that  Kience  (he 
subject  of  his  lectures,  for  the  first  three  yeap  alter  ho 
was  appointed  mathematical  protessor;  and  havitig  now 
brou^il  his  I'lieory  of  Ught  and  Colours  to  a considera- 
ble  degree  of  perfection,  and  having  b|u  elecled  a fellow 
of  the  Uoyal  Society  in  Jan.  l(i7’2,*h^Rtiimuuicaied  it  to 
that  body,  to  have  their  judgment  u|m>ii  it;  and  it  was 
afterwards  published  in  tburl'niiis4ctiuii«,  viz,  of  Feb.  19, 
1672.  This  publication  occasioned  a dispute  upon  ike 
truth  of  it,  which  gave  him  so  much  uneasiness,  that  he 
resolved  not  to  publish  any  thing  further  for  a while  on 
the  subject;  and  in  that  resolutimi,  be  Uid  op  his  Opti- 
cal l^ectures,  though  he  had  prepareil  (hem  for  the  press- 
And  the  Analysivby  infinite  Srrii*s,  which  he  had  intend- 
eti  to  subjoiri  to  them,  unhappily  for  the  world,  under- 
went the  same  £atr,  and  for  the  same  reason. 

In  this  temper  be  resumed  bis  telescope ; and  observing 
(hat  there  was  no  absolute  neccseity  tor  tbe  parabolic 
figure  of  (he  glasses,  since,  if  metaU  could  be  ground  truly 
Sphcrioil,  (hey  would  be  able  to  bear  as  grea^  apertures 
as  men  could  give  a polish  to,  he  compitird  another  in- 
strument of  the  same  kind.  This  answering  the  purpose 
so  well,  as,  (hough  only  half  a foot  in  leiigfb,  to  show  tbe 
planet  Jupiter  distinctly  round,  with  his  four  sotrUite*, 
aitd'also  Venus  horned,  be  sent  it  to  (be  itoyal  Society, 
at  their  request,  together  with  a description  of  it,  with 
further  particulars;  which  were  published  in  (he  Fhiloati- 
phical  Transactions  fur.  March  lfi72.  Several  attempt# 
were  also  made  by  that  society  to  bring  it  to  perlrciion; 
but,  fur  want  of  h proper  cutnposiiiun  of  roelul,  ami  a 
good  |M)lisb,  nothir^  succeeded,  and  the  inventiiiii  lay 
dormant,  till  Hadley  made  bis  Newtonian  telescope  in 
1723.  At  tbc  request  of  Ixibniii,  in  he  e.\pluined 

his  invention  of  Infinite  Senes,  and- took  notice  hoi#Car 
be  bad  improved  it  by  bis  Method  of  l>iuxioiiv,  which 
however  be  still  cuncralod,  and  particularly  on  this  ucca<- 
•ion,  by  a (ranspusitkm  of  tbe  letters  that  make  up  (be 
two  fuadaneiUiJ  propcsiuons  of  it,  into  an  alphabetical 


t>rder;  the  inters  concemiBg  which  are  inserted  in  Col- 
lins’s Coimnerciuni  bpuiolicum,  printed  1712.  In  the 
winter  between  the  year'.  I(i76and  l677,  he  discovered 
the  grand  proposition,  4hat,  by  « centri|ieiai  Torce  acting 
rrciprucally  a»  the  square  ol  the  dibtiincei  a planet  muvt- 
resoise  in  un  ellipsis,  about  (he  centre  of  torce  placed  in 
its  lower  locus,  amt,  by  a radius  drawn  to  that  centre, 
describe  iireas  proportional  to  the  lians.  In  l(iftO  he 
made  sescnil  astronomical  observations  on  th%  comet 
that  ibrii  appeared ; which,  lor  some  cunsiderablo  time, 
he  i<Kik  nut  to  be  one  and  the  same,  but  two  different 
conu'U’p  and  un  this  occasion  several  letters  passed  be- 
tween him  and  Mr.  Flainsierd. 

He  wus  still  under  this  mistake,  when  be  received  a 
letter  from  pr  lluoke,  explaining  the  nature  of  the  line 
described  by  a falling  body,  supposed  to  bo  moved  circu- 
larly by  the  diurnal  motion  of  the  earth,  and  perpendicu- 
larly by  the  {Mxvrr  of  gravity.  'I'his  letu*r  put  him  on 
inquiring  anew'  what  was  the  real  figure  in  wliich  such  a 
body  moved;  and  that  inquiry,  convincing  him  of  an- 
other mistake  which  be  had  before  fallen  into  concerning 
that  hgure,  ^ut  him  upon  resuming,  his  former  thoughts 
with  regard  to  the  moon;  and  Picad  having  not  long  be- 
fore, viz,  in  1679*  measured  a degree  of  the  earth  with 
suflicicnt  accuracy,  by  using  im  meusures,  that  planet  ap- 
peared to  be  retained  in  her  orbit  by  the  sole  power  of 
gravity ; and  consequently  that  this  power  decreases  in  the 
duplicate  ratio  of  the  distance;  as  he  had  formerly  con- 
jectured. .Oil  this  principle,  he  found  the  line  describi'd 
by  a falling  body  to  be  an  ellipsis,  having  one  focus  in  the 
centre  of  the  earth.  And  finding  by  this  means  that  (he 
primary  planets  regHy  moved  in  such  orbits  as  Kepler  had 
suppOi^,  he  had  W satisfaction  to  see  that  this  inquiry, 
which  he  had  undertaken  at  first  out  of  mere  curiosity, 
could  be  applied  lo  the  greatest  purposes,  licroupon  be 
drew  op  about  a doacn  propuBiliuiis,  relating  to  the  mo- 
tion of  the  primary  planets  round  llic  sun,  which  wi  re 
communicated  to  the  Koyul  Society  in  (he  latter  end  of 
1^83.  Becoming  thus  known  lo  Ur.  Hailey,  that  gentle- 
man, who  had  attempted  the  demonstration  in  vain,  ap- 
lird,in  August  1684,  to  Newton,  who  assured  him  that 
e bad  absolutely  completed  the  proof.  This  was  also 
registered  in  the  books  of  the  Royal  Society;  at  whose 
earnest  solicitation  Newton  finished  the  work,  which  was 
printed  under  the  care  of  Dr.  Halley,  and  came  out  about 
midsummer  lb'87.  under  the  title  of,  Philosophiae  Katu- 
ralis  Phneipia  Mathematica, containing  in  the  third  book, ' 
the  Cumetic  Astronomy,  which  had  been  lately  discovered 
by  him,  and  now  made  its  first  appearance  in  the  world : 
a work  which  may  be  considered  as  the  production  of  a 
celealial  intelligence,  rather  than  of  a mao. 

Tbil  work  fiowever,  in  which  the  great  author  has  built 
a new  ^tem  of  natural  philos<^>phy  on  the  roost  sublime 
geometry,  did  not  meet  at  first  with  all  the  applause  it  de- 
served, and  which  it  was  destined  one  day  to  receive. 
Two  reasons  concurred  in  producing thiscfl'ect:  Descartes 
had  then  got  full  possession  of  the  opinion  of  the  scientific 
world.  His  philosophy  was  indeed  the  creature  of  a fine 
imagination,  gaily  dressed  out:  he  had  given  her  likewise 
some  of  nature’s  fine  features,  and  painted  the  rest  to  a 
scAing  likeness  of  her.  On  the  other  hand,  Newton  had 
with  an  unparalleled  penetration,  and  force  of  genius, 
pursued  nature  up  to  her  must  secret  abode,  and  was  in- 
tent lo  demonstrate  her  residence  to  others,  rather  than 
anxious  to  describe  particularly  the  way  by  which  he 


rived  at  it  himself:  he  finished  his  pirce\n  that  rlepaiit 
conciseness,  which  had  justly  gained  the  aiicleiits  uoivei- 
sal  esteem.  In  fact,  thq  cuusequenccs  How  with  such  ra- 
pidity from  the  principles,  that  the  render  1$  often  left  to 
supply  a long.chaio  of  reasoning  lo  coniu*c(  them  : so  that 
it  required  some  time  before  liic  world  could  understand 
it.  The  best  mnibomadcians  were  obliged  to  study  it 
with  care,  belufc  they  could  make  themselves  master  of 
it;  and  those  of  a lower  rank  durst  not  venture  upon  it, 
till  encouraged  by  the  testimonies  of  the  more  learned. 
Hut  at  last,  when  its  value  became  suificiciilly  known,  the 
approbation  which  had  been  so  slowly  gained,  became  uni- 
versal, and  nothing  was  to  be  heard  trom  all  quarters,  but 
one  general  burst  of  admiration.  **  Does  Mr.  Newton 
cat,  drink,  or  sleep  like  other  men  says  the  marquis 
dc  rHospitai,  (one  of  the  greutqit  malbdmatlciaus  of  the 
to  the  Kiiglish  who  visited  him.  **  1 represent  him 
to  myself  as  a celestial  genius  entirely  disengaged  from 
matter.” 

In  (be  midst  of  these  profound  mathematical  researches, 
just  before  bis  Frincipia  went  to  (he  press  in  1086,  the 
privilege  of  the  university  being  attacked  by  James  the  2d, 
Newton  appeared  among  its  most  strenuous  defenden,  and 
was  on  that  occasion  appointed  one  of  (he^  delegates  to 
the  high-commission  court;  where  they  made  such  a de- 
fence, that  James  thought  proper  to  drop  the  adair.  Our 
author  was  also  chosen  one  of  their  members  for  the  Coo- 
vention-Farliauieiit  in  I688,  in  which  he  sat  till  it  was 
dissolved. 

Newton's  merit  was  well  known  to  Mr.  Montague,  then 
chancellor  of  (be  exchequer,  and  afterwards  earl  of  Hali- 
fax, who  had  b<m  educated  at  the  same  college  with  him  ; 
and  when  he  undertook  (he  great  work  of  recoining  tho 
money,  he  fixed  his  eye  upon  Newton  for  an  assistant  in 
it;  and  accordingly,  in  1 696,  he  was  appoinUtl  warden 
of  the  mint,  in  w hich  employment,  he  rendered  very  sig- 
nal service  to  the  nation.  And  thrive  years  after  he  was 
promoted  to  be  master  of  the  mint,  a place  worth  12  or 
15  hundred  pounds  per  annum,  winch  he  held  (HI  his 
death.  On  this  promotion,  he  ap|>omled  Mr.  Whiston 
his  deputy  in  the  mathematical  prori*ssorsl^ip  at  Cam- 
bridge, giving  him  the  full  profits  of  the  place,  which  ap- 
pointment itself  he  also  procured  for  him  in  1703.  The 
same  year  our  author  was  chosen  pr<*sident  of  the  Royal 
Society,  a situation  which  be  held  till  his  death,  having 
then  presided  over  it  for  23  years;  he  had  also  been 
cbo^'ti  a member  of  tlie  Royal  Academy  of  Sciences  at 
Paris  in  I6'99i  as  soon  as  the  new  regulation  was  made 
for  admitting  foreigners  into  that  society. 

From  the  first  discovery  of  the  heterogeneous  mixture 
of  light,  and  the  production  of  colours  thence  arising,  be 
had  employed  a great  jnirt  of  his  time  in  bringing  the  ex- 
periment, on  which  the  theory  is  founded,  to  a degree  of 
exactness  that  might  satisfy  himself.  l*he  truth  is,  this 
seems  to  have  been  bis  favourite  invention ; 50  yean  he 
had  spent  in  this  arduous  task,  befurc,  he  published  it  in 
1704.'  In  infinite  scries  and  fluxions,  and  in'  the  power 
and  rule  of  gravity  m preserving  the  solar  system,  there 
had  been  some,  though  distant  hints,  given  by  others  be- 
fore biro  : whereas  in  disH‘cting  a ray  oflight  into  its  pri- 
mary constituent  particles,  which  then  admitted  of  no 
further  separation ; in  the  discovery  of  the  difiereiit  refraiv* 
gibility  of  these  particles  thus  separated ; and  that  these 
constituent  rays  had  each  its  own  peculiar  colour  inhe- 
rent in  it;  that  rays  falling  in  the  same  angle  of  incidence 
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alternate  fits  <if  rc'flecliun  aiiil  refraction  ; U>at  bodies 
are  rendered  traii5parcut  b^'  the  niimUenc^s  of  their  pores, 
and  Income  opai^ue  by  having  them  large;  and  that  (ho 
must  transparent  body,  by  -having  an  extreme  thinnr^s, 
wilt  become  les»  pervious  to  the  light : in  all  these,  Hbich 
make  up  his  new  theory  of  light  and  colours,  he  was  ab- 
solutely and  emiri'ly  ilie  first  inventor  ; and  as  the  subject 
u of  the  most  subtle  and  delicate  nature,  he  thought  it 
necessary  to  be  himself  the  lust  finisher  of  it. 

In  fact,  the  affair  that  chieffy  employed  his  researches 
for  so  many  }ear&,  was  far  from  being  confined  to  the 
subject  of  light  alone.  On  the  contiary,  all  that  we 
know,  of  natural  bodies,  seemed  to  be  comprehended  in 
tt ; be  had  found  out,  that  there  was  a natural  action  at 
a distance  between  light  and  other  bodies,  by  which  both 
the  refieettons  and  refractions,  as  well  as  inficctiuns,  of 
the  former,  were  constantly  produci'd.  To  ascertain  the 
force  and  extent  of  this  principle  of  action,  was  what  hud 
all  along  engaged  his  tl^ongbts,  and  what  after  all,  by  its 
extreme  subtlety,  escaped  his  most  penetrating  spirit. 
However,  though  be  has  not  made  so  lull  a discovery  of 
this  priociplc,  which  directs  the  course  of  light,  as  he  has 
in  regard  to  (he  power  by  which  the  ]>lancls  are  kept  in 
their  courses ; yi‘t  he  gave  the  best  possible  dirt*ctiuns  for 
sucii  as  should  be  disposed  to  carry  on  thc*Uork,  and  fur- 
invhed  matter  abundantly  sufficient  to  animate  thom  to 
the  pursuit.  He  has  indeed  hereby  opened  a way  ofpussing 
from  optics  lu  an  entire  system  of  pliysics  ; and,  if  we  con- 
sider bis  querii's  as  containing  the  bistory  of  a gn  at  mun*s 
first  thoughts,  even  in  that  view  tbey  must  be  always  at 
least  entertaining  and  curious. 

This  same  year,  and  in  liie  same  book  with  his  Optics, 
he  published,  for  (be  first  time,  bis  Method  of  Fluxions. 

It  has  been  already  observed,  that  these  two  invrntiuiis 
were  intended  for  the  public  so  long  before  ns  Ui/2  ; but 
were  laid  by  then,  in  order  to  prcv<  rit  his  b<ing  uigaged 
on  that  account  in  a dispute  about  them.  And  it  is  not 
a little  remarkable,  that  even  now  this  last  piece  proved 
the  occasion  of  another  dispute,  which  continued  formally 
years.  Ev^r  since  16A4,  l^ibnitz  seems  to  have  claimed 
the  honour  of  having  first  invented  this  iuethud.'~Newion 
saw  Ills  design  frnra  the  beginning,  and  had  sufficiently 
obviated  it  in  the  first  edition  of  the  I’rincipia,  in  |6'S7 
<vix,  in  the  Scholium  to  the  2d  h mma  of  the  ?d  book)  : 
and  with  the  same  view,  when  he  now  publitiu-d  that 
method,  he  took  occasion  to  ac<]uaint  the  w-orld,  (hat  he 
innntcd  it  in  the  years  1665  and  l666.  In  the  Acta 
Kruditorura  of  Lripsic,  where  an  account  is  given  of  this 
book,  the  author  of  |hal  account,  ascribed  the  invention 
to  Leibnitz,  intimating  that  Kewioti  burrowed  it  from 
him.  Dr.  Kcil),  (he  astronomical  professor  at  Oxford, 
undertook  Newton's  defcnct*;  and  after  M'veral  answers 
on  both  sides,  Leibnitz  complaining  to  the  Hoyal  Society, 
this  body  appointed  a couimittce  of  their  members  to  ex- 
amine (he  merits  of  the  case.  These,  after  considering 
all  the  papers  and  letters  relating  to  the  piinl  In  contro- 
versy, decidetl  in  favour  of  Newton  and  Keill;  as  is  re- 
lated at  large  in  the  life  of  this  lasl-menlioiu-d  gemlemun ; 
and  those  papers  themselves  were  published  in  1712,  under 
the  liileofCommercium  KpislolicumJohunnis Collins,  8vo. 

In  1705,  the  honour  of  knighthood  was  conferred  upon 
our  author  by  queen  Aonc,  in  consideration  of  hU  great 
merit.  And  in  1714  was  app^jjf^  to  by  (he  House  of 
Cutnmuns,  lor  his  opinion  op  a method  of  discovering 
the  Umgiludc  at  sva  by  signw,  iNflilch  had  been  laid  before 
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them  by  Dittoo  and  Whiston,  in  order  to  procure  iLeu; 
cucouragonifiu;  but  the  petition  was  thrown  aside  on 
reading  Newton’s  paper  delivered  to  the  committee.  ^ 

» The  following  year,  1715,  Leibnitz,  with  the  view  of 
bringing  the  wi*rld  more  easily  into  the  belief  that  New- 
ton hud  taken  the  method  of  duxions  from  his  difiercntial 
method,  attempted  to  foil  his  mathematical  skill  by  the 
famous  problem  of  the  trajectories,  which  he  therefore 
proposed  to  the  English  byway  of  challenge;  but  the 
Solution  of  tills,  though  the  must  difficult  pruposilioii  he 
was  able  to  devise,  and  w-liol  might  pass  lor  an  arduous 
affair  to  any  other,  yet  was  hardly  any  mote  tiiun  au 
amUM-meiU  to  Newton’s  penetrating  genius:  be  received 
the  problem  at  4 o’clock  in  the  afu-rnnon,  as  he  was  re- 
turning from  the  Mint;  and,  though  oxtiemely  fatigued 
with  busiuess,  yet  he  fimshed  the  solution  betore  he  went 
to  bed. 

As  Leibnitz  was  privy-counscIlor  of  justice  to  tbeeicctor 
of  Hanover,  to  when  that  prince  was  raii>ed  to  the  llritish 
throne.  New  ton  came  more  under  (be  notice  of  the  court ; 
and  it  was  for  the  immediate  satisfaction  of  George  the 
First,  that  he  was  prevailed  on  to  put  the  last  band  to  (he 
diiipute  about  the  invention  of  fluxions.  In  this  court, 
Caroline  princchS  of  Wales,  atlerwards  queen-consort  to 
Q^(gc  the  Second,  happened  to  have  a curiosity  for  phi-, 
lusopbical  inquiries;  no  sooner  therefore  was  she  inform- 
ed of  our  author's  attachment  lu  the  house  of  Hanover, 
than  she  engaged  his  conversation,  which  soon  endeared 
biiD  to  her.  Here  she  found  in  every  difficulty  that  full 
sutisfiiction,  which  she  had  in  vain  sought  for  elaewbere; 
and  she  was  often  heard  lu  declare  publicly,,  that  abe 
thought  herself  happy  in  coining  into  the  world  Ota  junc- 
ture of  time,  which  put  it  in  her  power  to  converse  with 
him.  It  was  at  this  princtWs  solicitation,  that  he  drew 
up  an  abstract  of  his  Chronology  ; a copy  of  which  was 
at  her  ix'quesl  communicated,  about  l71b,  to  sigaior 
Conti,  a Venetian  nobleman,  (ben  in  England,  on  a 
promise  to  keep  it  secret.  But  notwithstanding  iktt  pro- 
tniar,  the  abbe,  (who,  while  iieie,  had  also  affected  to 
show  a particular  frieiid>hip  fur  Newton,  though  privately 
betraying  him  as  much  us  lay  in  his  pow'cr  to  }xtbniu,) 
was  no  soouer  gut  across  (be  water  into  France,  than  be 
dispersed  copies  of  it,  and  procured  au  antiquary  to 
hanslale  it  into  French,  as  well  as  to  write  a confutation 
of  it.  This,  bi'ing  print! d at  Paris  in  1725,  vvas  dih- 
vered  as  a present  from  the  bookseller  liiat  printid  it  to 
our  author,  that  he  might  obtain,  as  whs  said,  his  consent 
to  the  publication ; but  though  he  expressly  relused  such 
Consent,  yet  the  whole  was  published  ihe  same  yeni. 
Hereupon  Newton  found  it  mct'ssary  to  publi»h  a DeKiice 
of  himself,  which  wasinscrud  in  the  Philosonhical  1 latis- 
actions.  'J  bus  be,  wbo  bad  so  much  all  his  life  long  bi'vii 
studious  to  avoid  disputes,  was  unavoidably  all  his  life- 
time, in  a manner,  involved  in  them;  nor  did  this  last 
ilii^pule  even  finish  at  his  death,  lA  hicti  liappi'iitd  the  year 
following.  Newton's  paper  was  republished  in  1726  nt 
Paris,  in  French,  vviib  a letter  of  the  abbe  Conti  in  answer 
to  it;  and  ibc  same  yQ9f  some  divsertalions  were  prmlcd 
there  by  father  Soucict  against  Newton's  Chrorvolog'tnl 
Index,  an  answer  to  which  was  inserted  by  Halley  in  the 
Philos.  Trans.  No.  397. 

Some  time  before  tins  business,  in  bis  80th  year,  our 
author  was  seized  with  an  incontinence  of  urine,  thought 
to  proceed  fruiu  the  Stone  in  the  bladder,  and  deemed  to 
be  incurable.  However,  by  the  hejp  of  a strict  reginicn 
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nml  other  prccautionsi,  which  till  then  he  nc\*er  had  oc- 
caaioa  for*  he  procured  conbi<li*rable  iiitervaU  of  ease 
(lunnjf;  the  five  remaimng  years  of  his  life.  Vet  be  was 
not  free  from  some  «*verc  paroxysms,  which  cvm  forced 
out  largo  drops  of  sweat  that  ran  down  bis  face.  In  thev: 
circiimsunci  9 he  was  never  observed  to  utter  the  least 
complaint*  nor  express  the  least  im)>atience  * and  asstam 
ns  he  had  a niomeiu  s ease*  he  would  smile  and  talk  with 
liiti  u'^ual  checilulness.  He  was  now  obliged  loci-ly  upon 
Mr  Conduit*  who  lta<l  married  bis  niece*  tor  tbc  discharge 
of  his  othce  in  the  nnht  balurday  morning  March  18* 
l7'.27*hc  read  the  ticwspapeif*  and  dbcnurvd  a long  lime 
With  Dr.  Mead  his  physician*  having  then  the  perfect  use 
of  all  his  sense's  and  Ins  understanding;  but  that  iiigbt  he 
entirely  lost  them,  and  did  nut  recover  them  afterwards  ; 
he  died  the  Moriday  following,  March  30*  in  the  83th 
year  ot  his  age.  I lis  corpsi'  lay  in  state  in  the  Jerusalem* 
chamber*  and  on  ihc'^Slb  was  conveyed  into  Westminster- 
abbey*  the  pall  being  supported  by  the  lurd-charvccllur* 
the  dukes  of  Montrose  and  Roxburgh,  and  the  earls  of 
Pembroke,  Sussex*  and  .Macclesfivld.  • He  was  interred 
near  the  entrance  into  the  choir  on  the  left  hand*  where 
a stately  monumcni  is  en-clcd  to  his  memory,  with  a most 
t-legaot  iiiscnplion  upon  tl. 

i^ewton's  diameter  hni  been  attempted  by  M.  Kon* 
tenellcand  Ur.  I\ nll•e^t<)n,  the  substance  of  which  is  as 
follows.  He  WHS  of  a middle  stature,  and  somewhat  in- 
clined to  be  fat  m the  latter  part  of  his  life.  His  coun- 
tenance was  plrusing  and  venerable  at  the  same  time; 
rspi'Ctaliy  wbrii  he  took  off  bis  peruke  and  showed  his 
while  Imir,  which  was  pretty  thick.  He  never  made  use 
of  spectacle,  and  lo>t  but  one  tooth  during  his  whole 
lilc.  iUshop  Atu-rbury  says,  that*  m the  whole  air  of 
Sir  NaacS  tare  ami  make,  then*  was  nothing  of  that  pene- 
trating sagacity  which  appears  in  his  coropoviiions  : that 
he  bad  something  rather  langtiiil  in  his  lofik  and  manner* 
which  did  not  raise  any  great  expccialion  in  those  who 
did  not  know  him. 

Ills  t'-mper  it  is  said  waaso  equal  and  mild*  that  no 
accident  could  disturb  it.  A remarkable  instunct'  of  which 
is  relattni  as  ii>ll«iws.  Sir  Isaac  had  a tavourile  little  dug* 
which  he  cuJli  d Dnimotid.  IWing  one  day  called  out  of 
his  study  utio  die  m-xl  room*  Dnimond  was  leli  behind. 
When  Sir  I^aac  retuined*  haung  been  absent  hut  a h’w 
minuuw,  lie  hud  the  moriifiration  to  liiid,  that  Hiaiuuiul 
having  over»i-t  a lighted  cumile  among  some  papi-rs,  the 
nearly  finished  ianour  of  muiiy  years  wav  in  tlanies*  and 
almost  consumed  to  asirni.  '1  his  loss*  us  Sir  Isaac  was 
then  very  far  advanced  in  years,  was  invtrievahle;  yet* 
without  once  sinking  the  dog*  he  only  rebuked  him  with 
this  exclamation,  **ObiXamond!  Diamond!  lliuu  little 
know«<si  the  mischief  thou  hast  dune!"  Dr.  Wallis  (Algcb. 
|i. 547)  says,  some  pupc*rs  on  sciies  and  curves  wrere  ready 
for  the  prts«  in  it>7 1,  hut  by  mischance  were  burnt. 

Newton  was  indeed  of  so  mocJt^und  gentle  u disposition, 
and  so  grt'ut  a lover  of  pi  ace,  that  he  would  rather  have 
chosen  to  remain  in  ob^urity,  than  to  have  the  calm  of 
life  ruffled  by  those  storms  and  disputes,  which  genius 
and  learning  always  draw  upon  those  that  are  most  eminent 
for  them. 

From  his  love  of  |ience,  no  doubt,  arose  that  unusual 
kind  of  horror  which  he  felt  for  all  disputes:  a steady 
. unbroken  auenti(»n,'free  from  tho>e  frequent  rccoilings 
inseparably  iiicuieiit  to  others*  was  his  peculiar  felicity ; 
he  knew  it,  and  he  kuew  the  value  of  it.  No  wonder 


then  that  controversy  >vaa  looked  on  as  bit  bane.  When 
s<iine  objections,  hastily  madelp  his  discoveries  curcern-' 
ing  light  and  colours*  induced  him  to  lay  aside  jtlie  de-ign 
he  had  taken  of  publishing  bis  Optical  Lectures,  we  find 
him  reflecting  on  th:il  dispute,  into  whiili  he  hud  been  un- 
avoidably druwn,  in  iliese  terms  : *'  1 tlanieh  my  own 
imprudence  (or  parting  with  so  n^alh  bK'Svinga.'i  my  quiet* 
to  run  after  a shadow.’*  It  is  true  thi>  shadow*  us  Fon- 
teuelle  observes*  did  not  escape  him  ulterwards*  nor  did 
it  cost  him  that  quiet  which  he  so  much  valued,  but  proved, 
as  much  a real  happiness  to  him  as  his  quiet  itself ; 
this  was  a happiness  of  his  own  making:  he  tuoku  reso- 
lution from  these  disputes*  not  io  publish  any  more  con- 
cerning that  theory*  till  be  had  put  it  above  the  reach  of 
conlroveray*  by  the  must  exact  expejiments.'  and  the 
strictest  demonslrutiuns;  and  accordingly  it  has  mver 
been  called  in  question  since.  In  the  same  temper*  alter 
he  had  sentjhe  iiianuHcripl  to  the  Rnyal  .Society*  with  his 
consent  to  the  printing  of  it  by  iliein  ; yet  upon  Hooke’a 
injuriously  insisting  that  he  himself  uad  demonstrated 
Kepler's  problem  before  our  author,  ho  determined,  rather 
than  be  involved  again  in  controversy,  to  suppress  the  third 
book;  and  he  was  very  hardly  pn*vaiU>d  on  to  alter 
that  resolution.  It  is  true*  the  public  was  thereby  a 
gainer;  that  book,  which  is  imiced  iio  more  than  a corol-' 
lary  of  some  proptisitiuiM  in  the  first,  being  originally 
drawn  up  in  the  popular  way,  with  a design  to  publish  it 
in  that  form  ; whereas  Ik*  was  now  convincet^that  it  would 
be  best  not  to  let  it  go  abroad  without  a strict  demon- 
stration. 

In  conlemplaiing  Newton’s  genius,  it  presently  becomes 
a doubt,  which  of  these*  endowments  had  the  greatest 
shiire,  sagacity,  penetration,  strength,  or  diligence ; and* 
alter  all,  the  mark  that  seems  most  u»  distinguish  it  is,  that 
he  himself  made  the  juvlest  estimation  of  it,  declaring, 
that  if  he  had  done  the  world  any  service,  it  was  due  to 
nothing  but  industry  and  patient  thought ; that  he  kept 
the  subject  of  consideration  constanilv  before  him,  and 
waited  till  the  first  dawning  opened  gradually,  by  little 
and  little,  into  a full  and  clear  light,  li  is  said,  that 
when  he  had  any  raaihemHlicnl  problems  or  solutions  in 
histninci*  he  vvould  never  quit  the  subject  on  any  account. 
An<l  his  servant  hus  said,  when  he  has  been  getting  up  in 
a morning,  he  has  sometimes  begun  to  dress,  and  with 
one  leg  in  his  breeches,  sat  <luwn  again  on  the  be<l.  uhera 
he  has  remained  for  hours  before  he  has  got  his  clothe* 
on  : and  that  dinner  has  been  often  three  hours  ready  for 
him  before  hr  could  be  brought  to  table. 

After  all,  notwithstanding  hiv  anxious  care  to  prevent  in- 
terruption ill  bis  iniriise  application  to  study,  lie  could  iic- 
verlholess*wben  occasion  rr4|(iin-d  it,  lay  aside  his  thoughts* 
though  engaged  in  the  nurst  intricate  researches*  win  ii  his 
other efiairs re<|uired his  attention;  and,  asso<»n  as  bv  bad 
leisure*  resume  the  sulijert  at  the  point  where  he  had  left  off. 
Tills  he  aeems  to  have  done  not  so  much  by  any  extraor- 
dinary strength  of  memory,  ns  by  the  force  of  his  inveiiiivc 
faculty,  to  which  every  thing  opened  itself  again  with  ease* 
if  nothing  intervened  to  ruffle  him.  Thcreailinhss  of  his  in- 
vention made  him  not  think  of  putting  his  memory  much 
to  the  trial  : but  this  was  the  ofispring  of  a vigorous  in- 
tenseness  of  thought,  out  of  which  lie  was  but  a common 
man.  He  spent  therefon*  the  prune  of  his  age  in  those 
abstruse  ri'searclies,  when  his  situation  in  a college  gave 
him  leisure,  and  while  xludy  was  his  proper  business. 
Uul  as  Buou  lui  he  was  removed  to  the  mini*  he  applied 
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himscifchiefly  to  the  daties  of  that  office ; ant!  80  fiiv  (joit- 
ted  mathematici  and  philosophy,  as  not  to  engage  in  any 
pursuits  of  either  kind  afterwards. 

Dr.  Pemberton  observes,  that  though  bis  memory  was 
much  decayed  in  the  last  years  of  bis  life,  yet  he  perfectly 
understood  his^  own  writings,  'contrary  to  whnt  1 had 
formerly  heard,  says  the  doctor,  in  discourse  from  many 
persons.  This  opinion  of  theirs  might  arise  perhaps  from 
bis  not  being  always  ready  at  spi.'aking  on  these  subjects, 
when  it  might  be  expectctl  he  should.  Rot  on  this  head 
it  may  be  obuTved,  that  great  geniuses  are  often  liable  to 
be  absent,  not  only  in  ivlation  to  common  life,  but  with 
regard  to  vtme  of  the  parts  of  science  that  they  are  best 
inlormM  o| : inventors  M*em  to  treasure*  up  in  their  minds 
wbat  they  Hbvefound  out,  after  another  mnrtner  than  those 
do  the  same  things  who  have  not  this  inventive  faculty. 
The  former,  wlien  they  have  occasion  to  produce  their 
knowledge,  aiv  in  some  measure  obliged  immediately  to 
investigate  part  of  what  they  want;  and  for  this  they  arc 
nm  equally  ht  at  ail  times : from  whence  it  has«2rten  hap* 
pened,  that  such  as  retain  things  chiefly  by  means  of  a 
very  strong  memory,  have  appealed  otf*hand  inrTre  expert 
than  the  discnverer»‘ themselves. 

It  was  evidently  owing  to  the  ^me inventive  faculty  that 
Newton,  us  this  writer  found,  Imd  read  fewer  of  the  mo- 
dern inulhematicians  than  one  could  have  e.xpccicd  ; his 
own  prodigious  inventi<$h  readdy  supplying  him  with  what 
iic  might  have  occasion  fur  in  the  pursuit  of  any  subject 
be  undertook.  However,  he  often  ccnsur(*d  the  handling 
of  geometrical. subjects  by  algebraic  calculations;  and  his 
boM  of  algebra  he  called  by  the  name  of  Universal  Arith- 
metic, in  opposition  to  the  injudicious  title  of  Geometry, 
which  Descartes  had  given  to  the  t'catise  in  which  he 
shows  how  the  gecimctricum  may  assist  hb  invention  by 
such  kindofcpnipuuitions.  Hr  frequently  prnist'd  Slusius, 
Barrow,  and  Huygrns,  fur  not  being  influenced  by  the 
false  taste  which  then  began  to  prevail.  He  used  to  com- 
mend the  laudable  attempt  of  Hugo  d’Omerique  to  restore 
the  ancient  analysis ; and  very  much  estct'tued  Apollo- 
nius's book  De  5^tione  RatiunU,  for  giving  us  a clearer 
notion  of  that  analysis  than  we  had  before.  Dr.  Barrow 
may  be  esteemed  as  having  shown  a compass  of  invention 
equal,  if  not  superior,  to  any  of  the  moderns,  our  author 
only  excepted  : but  Newton  particularly  recommended 
Huygens's  style  and  manner:  he  thought  him  the  roost 
elegant  uf  any  miithemaltcal  w ritcr  of  modem  times,  and 
the  truest  imitator  of  the  ancients.  Of  their  taste  and 
mode  oft  demonstration  our  author  always  prok>«sed  him- 
self a great  admirer  ; and  even  censuied  himself  for  not 
following  them  yet  more  closely  than  he  did  ; and  spoke 
with  regret  of  his  mistake  at  the  beginning  of  his  mathe- 
matical studies,  in  applying  himself  to  the  works  of  Des- 
cartes, and  other  algebraic  writers,  before  he  had  consi- 
dered the  Elements  of  Kuclid  with  that  attention  which  so 
excellcMU  a writer  deserves. 

But  if  this  was  a fault,  it  is  certain  it  was  a fault  to 
whicb  we  owe  both  his  great  inventions  in  s|ieculMtivc  ma- 
thematics, qnd  the  doctrine  of  Huxions  and  infinile  series. 
And  perbapa  this  might  be  one  reason  why  his  particular 
reverence  for  (be  ancients  is  omitted  by  Fomenelle,  who* 
however  certainly  makes  some  amends  by  that  just  do- 
gium  which  he  makes  of  our.,authofs  modesty,  which 
amiable  quality  he  represents  as  standing  foremost  in  the 
character  of  this  great  man's  mind  and  manners.  It  was 
in  reality  greater  (ban*can-  be  easily  imagined^  or  will  be 
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readily  bclimd  ; yet  it  tlway,  continucAo  without  any 
alteration  ; tho\fgh  the  whole  world,  says  Fontenelle,  con* 
spired  against  it;  let  us  add,  though  he  was  thereby  rob- 
of  his  invention  of  fluxions.  Nicholas  Mercator  pub- 
lishing his  Logarithmotechnia  in  1668,  where  be  gave  the 
quadrature  of  the  hyperbola  by  an  infinite  senes,  which 
was  the  first  appearance  fh  the  learned  world  of  a series 
of  this  sort  drawn  from*  the  particular  nature  of  the  curve, 
and  that  in  a manner  very  new  and  abstracted  ; Dr.  Bar- 
row, then  At  Cambridge,  where  Newton,  then  abour?6 
years  of  age,  resided,  recolleclcd,  that  he  bad  met  with  Ihd 
same  thing  in  the  writings  of  that  young  gentleman  ; and 
there  not  gonfined  to  the  hyperbola  only,  but  i.Mcaded, 
by  generaf  forms,  to  all  kinds  6f  curves,  even  such  as  arc 
mechanical ; to  their  quadratures,  (heir  rectifications,  and 
their  centres  of  gravity ; to  the  solids  formed  by  (heir  ro- 
tations, and  to  the  superficies  of  those  solids;  so  that, 
when  thetr  determinations  were  possible,  the  series  stopped 
at  a ct'rtain  point,  or  at  least  their  sums  were  given  by 
stated  rulea:  and  if  the  absolute  determinations  were  iin- 
pc«ftl>lc,they  could  yet  be  infinitely  approximated  ; which 
irthr  happiest  and  most  refined  iiieihod,  says  Footenclle, 
of  supplying  the  defects  of  human  knowledge  that  man's 
imagination  could  possibly  invent.  To  he  master  of  so 
liruitful  and  general  a thc*ory  was  a mine  of  gold  to  a geo- 
metrician ; but  it  was  a greater  glory  to  have  bi'cn  the 
discoverer  of  so  surprising  and  ingenious  a sysleoi.  So 
that  Newton,  finding  by  Itlercalor's  book,  that  he  was  in 
the  way  to  it,  and  that  others  might  (||Uovv  inliis  track, 
should  naturally  have  been  forward  to"1^n  hit  treasures, 
and  secure  the  property,  which  consisted  in  making  the 
discovery;,  but  he  contented  himself  with  his  treasure 
which  he  had  found,  without  regarding  the  glory.  What 
an  idea  does  it  give  us  of  his  unparalleled  modesty,  when 
we  find  him  declaring,  that  he  thought  Mercator  had  en- 
tirely discovered  bis  secret,  or  (bat  others  would,  before  he 
should  become  of  a proper  age  for  writing  ! His  manu- 
script on  infinite  senes  was  communicated  to  none  but 
Mr.  John  Collins  and  the  lord  Broonkcr,  then  president  of 
the  Royal  Society,  who  had  also  dona  something  in  this 
way  himself;  and  even  that  had  not  been  complied  with, 
but  for  Dr.  Barrow,  who  would  nut  suffer  him  to  indulge 
his  mod«‘sty  so  much  as  he  desired. 

It  is  further  observed,  concerning  this  part  of  his  cha- 
racter, that  ho  never  ulked  either  of  hiniveif  or  others  • 
nor  ever  beiiavcd  in  such  a manner,  as  to  give  (he  most 
malicious  ceii!>uren>  the  least  occasion  even  to  suspr  et  him 
of  vanity.  Tie  w.ss  candid  and  affable,  and  alwav's  put 
himself  upon  a level  with  his  company.  He  never  (nought 
either  his  merit  or  his  reputation  sufficient  to  excuse  him 
from  any  of  the  common  offices  uf  social  life.  No  singu- 
larities, cither  naturdi  or  affected,  disiingui<»hcd  him  Trom 
other  men.  Though  be  was  firmly  attached  to  the  church 
of  England,  he  was  averse  to  the  persecution  of  die  non- 
conformists. He  judged  of  men  by  tlieir  mannm  ; and 
(he  true  schismatics,  in  his  opinion,  were  the  vicious  and 
the  wicked.  Nut  that  beconfined  his  principles  to  natural 
religion,  for  it  ri  said  he  was  (bonrughly  persuaded  of  the 
truth  of  revelation  ; and  amidst  the  great  vnnetv  o^x>k$ 
which  he  had  constantly  before  him,  that  which  he  sturiied 
with  the  greatest  application  was  the  Bible,  at  ksast  in  the^ 
latter  years  of  his  life  : and  he  understood  the  nature  and 
force  of  moral  certainty  as  well  as  he  did  that  of  a strirt 
demonstration. 

Sir  Isaac  did  nol^eglect  the  opportunities  of  doing  good. 
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Tfchcn  iho  rcv«riucs  of  hU  pidrimony  and  n prolitable  cm- 
plo)niunt,  improved  h)  m prudent  cccuiiomy,  put  it  in  his 
po^>er.  Uc  Im^c  two  remarkable iiotaiices  uf  his  bounty 
ami  generusiiy  ; one  to  Mr.  M:icluunii»  extra  protirtsor  of 
inaihenmiics  at  Edinburgh,  to  eiicouiage  wrlu>sc  appoint* 
ineni  he  (•tTeied  CO  pounds  a*year  to  that  uflicc  ; ami  tlic 
otiii  r (o  III*  niece  iUnon,  U(Km  whom  he  hud  settled  un 
annuity  of  100  pounds  per  animiii.  When  decency  on 
any  ocnisiun  required  ivx^KiiM.'  nnd  show,  he  was  mugnifi* 
nait  withoiil  grudging  it : at  all  other  times,  that  pomp 
. uhich  seems  great  to  lult  minds  oiily,  was  utterly  rclreiich- 
«d,  and  the  expense  reserved  for  belter  use*. — On  this 
head  it  may  be  remarked  however,  as  a curious  fact,  tliut 
by  un  order  of  council,  dated  Jan.  2b,  1<>73,  (which  was 
3 years  after  his  election  into  the  Royal  Society,)  it  was 
ordered,  that  he  should  be  excused  frimi  making  the  usual 
weekly  payments  (one  shilling  per  week),  on  account  of 
his  low  ciicumstances,  as  he  represented. 

Newton  never  married;  and  it  ha»  been  said,  that 
**  perhaps  he  never  hud  leisunv  to  think  of  it;  that,  being 
immersed  in  profound  studies  during  the  prime  of  his  age, 
and  afterwards  engajli-d  in  an  employment  at'  gnat  im> 
portance.and  even  quite  taken  up  with  the  company  which 
his ^merit  drew  to  him,  he  was  not  sensible  of  any  vacancy 
in  life,  nor  of  the  uunt  of  a companion  at  home.'*  Those 
however  do  not  appear  to  be  any  sufficient  reasons  for  his 
never  marrying,  if  he  bad  had  an  inclination  so  to  do.  It 
is  much  mon.*  likely  that  he  had  a constitutional  imlid’er* 
ence  to  the  state,  and  even  to  the  sex  in  general ; and  it 
has  even  bern  said  of  him,  that  he  never  once  knew  wrn 
man. — Hr  hit  at  bis  dralb,  it  vcv'ms,  32  thousand  pounds; 
but  hi*  made  no  will,  which,  Fontcnellc  tells  us,  was  be* 
cause  he  thought  a legacy  was  no  gilt.*— As  to  his  works, 
besides  what  were  published  in  his  Ufe-time,  there  were 
found  after  his  death,  among  his  papers,  several  discourses 
on  the  subjects  of  antiquity,  history,  divinity,  chemistry, 
and  mathematics  : several  of  which  were  publidiedat  dif- 
ferent limes,  as  appears  from  the  following  catalogue  ofall 
his  works;  where  they  are  ranked  in  the  order  of  time  in 
which  those  upon  the  same  subject  were  published, 

1.  S«»vi  rol  Papers  relating- to  his  Telescope,  and  his 
Theory  of  Light  and  Colours,  printed  in  the  Philosophical 
Transactions,  Nos.  80,  81,  82,  83,  84,  S5,  88,  96',  97, 
110,  121,  123,  128;  or  voU.  6,  7.  8,  9,  10, 11, 

2.  Optics,  or  a Trcalisu  of  the  Heilcctions,  Uefractions, 
* am)  Inflections,  ami  the  Colours  of  light;  1704,  4to. — 

A Latin  translation  by  Dr.  Clarke ; 1706,  4to. — And  a 
French  translation  by  Pi  t.Cosle,  Ainst.  1729,*2vols  l2mo. 
—Beside  several  English  editions  in  8vo. 

3.  Optical  Lectures;  1728,  8vo.— Also  in  several  Letters 
to  Mr.  Oldenburg,  secretary  of  the  Uoyal  Society,  inserted 
in  the  General  Dictionary,  under  our  author's  article. 

4.  Lectiones  Opiicae;  1729,  4to. 

5.  Nalu  rails  Philosopliia;PrincipiaMathematica;  1687, 
4lo. — A second  edition  in  1713,  with  a Preface,  by  Roger 
Cote*. — ^The  3d  edition  in  1726,  under  the  direction  of  Dr. 
Pemberton.— An  English  translation,  by  Moitc,  1729,  2 
volumes  8vo,  printed  in  several  editions  of  his  works,  in 
ditfprent  nations,  particularly  an  edition,  with  a large 
Commentary,, by  the  two  learned  Jesuits,  Lc  Sour  and 
Jacquier^in  4 volumes  4to,  in  1739«  1740,  and  1742. 

6.  A System  of  the  \V\*rld,  translated  from  the  loitin 
original ; 1727j  8vo. — This,  as  lias  been  already  obsened, 
was  at  first  intended  to  make  the  third  book  of  his  Princi- 
pia,  an  English  translation  by  .Motie,  1729»  8vo. 
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7.  Several  Letters  to  Mr.  Flamslccd,  Dr.  Hayey,  and 
Mr.  Oldenburg — See  our  tiuthor’s  article  in  the  Oemial 
Dictionary. 

8.  A Paper  concerning  the  Longitude;  drawn  up  by 
order  of  the  Houm*  of  Commons  ; ibid. 

9.  Abrege  de  Chronologu*,  <5cc-;  1726,  under  the  di- 
rection of  the  ubbe  Conti,  together  with  some  observa-  * 
tions  upon  it. 

10.  Uumarks  on  the  Observations  made  upon  a Chro* 
nological  Indux  of  Sir  I.  Newton,  ^c.  Philos.  Trans,  vul. 

33.  ^ice  also  the  same,  vol.  34  and  33,  by  Dr.  IbiUey. 

11.  Tlie  l!hroiioIogy  of  Ancient  Kingdoms  amended, 

See  ; 1728,  4to. 

12.  Arithnietica  Universalis,  &c;  under  the  inspection 
of  .Mr.  Winston,  Cantab.  1707,  and  again  id  1722,  8vo. 
Printed  1 think  without  the  author's  Consent,  and  even 
iigainst  bis  will  : an  oHcnce  which  it  seems  was  never  for- 
given. There  urc  also  English  editions  of  the  same,  par- 
ticularly OIK*  by  W ilder,  with  a Commentary,  in  1769, 

2 vi>ls  8vo.  And  a Latin  edition,  with  aCummentary^y 
Casiiiion,  2 voU  4to,  Amst.  SiC. 

13.  Analysis  {ht  Quumitaiuin  Series,  Fluxtoncs,  et 
DitTercniias,  cum  Knumeraiione  Lim  arum  IVrtit  Onlinis; 
)7l)t4to;  under  the  ins|>ection  of  W.  Jones,  Esq.  f.H.s. 

— 'I'hc  lust  tract  had  bt'cii  published  before,  together  with 
another  on  the  Quadrature  of  Curves,  by  the  Method  of  * 
lluxions,  under  the  title  of  'rractulus  duo  dc  Siiecicbus 

et  Magniuidine  Figuraruin  Curvilinearuin ; subjoined  to 
the  first  edition  of  his  Optics  in  1704  ; and  other  letters 
in  the  Ap(K*ndix  to  Dr.  Gr(*gory's  Calr^ptrics,  &c,  1735, 

8vo. — Under  this  head  may  be  ranked  Newioni  Gehisis 
Curvnrum  per  Umbras;  Leyden,  1740. 

14.  Several  Lc'*ei*  relating  to  his  Dispute  with  lx*il>* 
niU,  on  his  Right  to  the  Invention  of  Fluxions;  printed 
in  the  Commercium  Epistohcurn  D.  Johamiis  Collins  et 
aliorum  de  Analysi  Promota,  juasu  Societatia  Regie 
cslitum;  1712,  8v*o. 

15.  Puvlscript  and  Letter  of  M.  Leibnits  Ifi  the  Ahb6 
Conti,  with  Remarks,  and  a Letter  of  his  own  to  that  AbLe ; 

1717,  8vo.  To  which  wav  added,  Ruphson's  History  of 
Fluxions,  as  a Supplement. 

16.  The  Method  of  Fluxions,  nnd  Analysis  by  Infinite 
Scries,  translated  into  English  from  the  original  Latin;  to 
which  is  added,  a Perpetual  Commentary,  by  the  irutislutpr 
Mr.  John  Colson ; 1736,  4to. 

17.  Several  Miscellaneuu.i  Pieces,  and  Leltm,  av  fol-  ‘ 
low: — (I)  A Letter  to  Mr.  Boyle  on  the  subject  of  the 
Phllusuphcr’s  Stone.  Inverted  in  the  General  Dictionary, 
under  the  article  Botlk. — (2)  A l.*tler  to  Mr.  Aston,  • 
containing  directions  for  jtis  travels;  ibid,  under  our  au- 
thor's article.— (3)  An  luiglish  Translation  of  a Latin 
DisM^riatiun  on  the  Sacred  Cubit  of  the  Jews.  Inserted 
among  the  miscellaneous  works  of  Mr.  John  Greaves, 

vol.  2,'  published  by  Dr.  I'homus  Birch,  in  1737,  2 vols. 

8vo.  This  Dissertation  was  found  subjoined  to  a work 
of  Sir  Ivjiac's,  not  finished,  entitled  Ix'xicon  Propbeti- 
cum. — (4)  Four  Ixitter*  from  Sir  Isaac  New-ton  to  Dr. 
Bentley,  containing  some  argumciUs  in  proof  of  a Deity; 

1756,  8vo.— (5)  Two  Letters  to  Mr.Clarke', 

IS.  Observations  on  the  Prophecies  of  Daiiiel  and  the 
Apocalypse  of  St.  .lohn;  1733,  4to. 

19.  Tab!*’*  for  purchasing  College  Leaves ; 4742,  12mo. 

20.  Corollaric*,  by  Whislen. 

21.  A Collection  of  K Vi  ralpicces  of  our  author’s,  under 
the  following  title,  Newtoni  ii.  Opuscula  Maihemaiica 
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Philos,  ct  Pbilol.  collcgit  J.Castilioncus;  Ijius.  174V,  4lo, 
S 

22.  'I’wo  Treatises  hn  the  Quadralure  of  Cftrvrs,  and 
Analysis  by  Equations  of  an  Infinite  Number  of  TormS) 
explained:  tran^iHleii  by  John  Stewart,  with  a large  Com> 
mentury;  1745,  4to. 

23.  Description  of  an  Instrument  for  observlnfl  the 
MiK>n’s  DUtaticc  from  the  Fixed  Stars  at  Sea.  Philos. 
I'rans.  vol.  42. 

24.  Nrwion  also  published  Barrow's  Optical  Lectures, 
in  I0‘u9>  4to:  and  Bern.  Varvnii  Cieographia,  &c; 
l68l,  Hvo. 

25.  The  whole  works  of  Newton,  published  by  Dr. 
Horsley ; 1779,  in<*  volumes. 

The  following  is  a list  of  the  paivrs  left^y  Newton  at 
his  death,  as  mentioned  id>ove. 

A Catalogue  of  ^ir  Isaac  Newton’s  .ManuKripIs  and 
Papers,  as  annexed  to  a Bond,  given  by  Mr.^'^nduit,  to 
the  Administrators  of  Sir  Isaac ; by  which  he  obliges  him- 
self  to  account  for  any  profit  he  shall  make  by  publishing 
any  oT  the  papers. 

Dr.  Pellet,  by  agreement  of  the  executors,  entered 
into  Acb  of  the  Pycrogativc  Court,  being  appointed  to 
peruse  nil  the  papers,  ami  judge  which  were  proper  for  the 
prisa. 

No. 

1.  Viaticum  Naularum  : bv  Robert  Wright. 

2.  Miscellanea : not  in  Sir  Isaac's  hand-writing. 

3.  Miscellanea;  juirt  in  Sir  Isaac's  hand. 

4.  Trisonometria ; about  5 sheets. 

5.  Definitions. 

6.  Misceilancn;  part  in  Sir  Isaac's  hand.  • 

7.  40  sheets  in  Vto,  relating  to  Church  History. 

8.  12(>  sheets  written  on  one  side,  being  foul  draughts 

of  ibc  Pniphetie  Stile. 

9-  88  sheets  relating  to  Cliurch  Histor)'. 

10.  About  70  loose  sheets  in  small  4to,  of  Chemical 

papers;  some  of  which  are  not  in  Sir  Isaac's 

hand. 

11.  About  6^  ditto,  in  folio. 

12.  About  15  large  sheets,  doubled  Into  4to ; Che- 

mical. 

13.  About  8 sheets  ditto,  written  on  one  side. 

14.  About  5 sheets  of  foul  |aipers,  relating  to  Che- 

mistry. 

15.  12  Imif-sheets  of  ditto. 

l(j.  104  half-sheets,  in  4to,  ditto. 

17.  About  22  sheets  in  4to,  ditto. 

• 18.  24  sheets,  in  4tu,  on  the  Prophecies. 

19.  29  half-sheets;  being  an  answer  to  Mr.  Hooke,  on 

Sir  Isaac's  Theory  of  Colours. 

20.  87  half-sKct'ts  reiating'to  the  Optics,  some  of  which 

are  not  in  Sir  Isaac’s  hand.  * 

From  No.  1 to  No.  20  examined  on  the  20ih  of  May 

1727,  and  judged  not  bt  to  be  printed. 

T.  PeUet, 

\Vline««,  Tfm,  W/liagton. 

21.  328  half-sheets  in  folio,  and  63  in  small  4to;  being 

loo«4>and  foul  papers  relating  to  the  Revelations 

and  Prophecies. 

22.  8 half-sheets  in  small  4to,  relating  to  Church  Mat- 

ters. 

23.  24  half-sheets  in  small  4io ; being  a discourse  re- 

lating to  the  2d  of  Kinus. 

24.  353.  balf-sbceu  in  folio,  and  57  in  small  4to;  being 


foul  and  loose  papers  relating  to' Figure*  ami 
* Mathematics. 

25.  201  half-»hedN  in  folio,  and  21  in  small  4to;  loose 
and  foul  papers  ceiating.tu  the  Commcrcium 
Kpistolicum. 

25.  91  half-sheets  In  small  4to,  in  Latin,  on  the  Tem-  . 
pie  of  Solomon. 

27.  37  half-sheets  in  folio,  on  the  Host  of  Heaven,  the 

Sanctuary,  and  other  Church  Matters, 

28.  44  half-sheets  in  folio,  on  d^to. 

29*  25  buU'-shcets  in  folio;  being  a fartlicr  account  of 
the  Host  of  Heaven. 

.30.  51  half-sheetain  folio;  bcingati  Historical  Account 
of  two  nobijbld  Corruptions  of  Scripture. 

31.  83  half-sheets  in  small  4to;  being  Extracts  of 

Church  History.  , 

32.  116  half-sheets  in  folio  |»b<*lng  Paradoxical  Ques- 

tions concerning  Athanasius,  of  which  several 
Icavc-s  in  the  banning  are  very  much  damaged. 

33.  55  half->heet*  in  folio,  l>c  Motii  Corporum;  ibc 

greatest  part  not  in  Sir  Isaac's  hand. 

34.  61  half  sheets  in  small  4to;  being  various  sections 

on  the  .4pocaly|)se. 

35.  25  half-sheets  in  folio,  of  the  Waking  of  the  jlfys- 

teryof  Iniquity. 

^ 36.  20  hnlf-sherts  iii  folio,  on  tlie  Tbcolo^  of  the  Hea- 
thens. 

37.  24  half-shrets  in  foRo;  being  an  Account  of  the 

Contest  between  the  Host  of  Heaven,  and  the 
Transgressors  of  the  Covenant. 

38.  31  half-sheets  in  folio;  being  Paradoxical  Ques- 

tions concerning  Atlianasius, 

39.  107  quartcMhrets  in  small  4lo,  on  the.  Revela- 

tions. 

40  74  half-sheets  in  folio ; being  loose  papers  relating  - 

to  Church  History. 

May  22,  1727,  examined  from  No.  21  to  No.  40  inclu- 
sive, and  Judged  them  not  lit  to  bC  printed;  only  No.  33 
and  No.  38  should  be  reconsidered. 

‘ T.  PtUet. 

Witness,  Tho.  PiUein^ton. 

41.  167 half-sheets  in  folio;  being  loose  and  foul  papers 

relating  bo  the  Commcrcium  Epistolicum. 

42.  21  half-sheets  in  folio  ; being  the  3d  letter  on  Texts’ 

of  Scripture,  very  much  damaged. 

43.  3r  half-sheets  in  folio;  being  foul  jwipcni  relating 

to  Church  Matters. 

44.  495  half-sheets  in  folio;  bring  loose  and  foul  pa- 

j)crs  relating  to  Calculations  and  Mathematics. 

45.  335  half-sheets  in  folio;  being  loose  and  foul  papers 
• relating  to  the  Chronology. 

46.  1 12  sheets  in  small  4to,  relating  to  the  Revelations 

and  other  Ourch  Matters. 

47.  125  half-sheets  in  folio;  being  loose  papers  relating 

to  the  Chronology,  part  in  English  and  part  in 
Latin. 

48.  400  half-sheets  in  folio ; being' loose  mathemancal 

papers. 

49.  109shi‘Cts  in  4to,  relating  to  the  Prophecies,  and 

Church  Matters. 

50.  127  half-sheets  in  folio,  relating  to  the  University;  * 

great  part  not  in  Sir  Isaac's  band.  # 

51.  18  sheets  in  4to;  being  Chemical  papers. 

52.  255  quartcr^becls;  being  Cbcmicai  papers. 
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5S.  An  Account  of  Corruptions  of  Scripture ; not  In 
Sir  Isaac’s  band.  < 

54.  3 1 quartet'shceU  ; being  Fianflncll’s  Explication  of 

Hicroglyphiral  Figurea.  * 

55.  About  350  haU>sheeU;  being  Miscellaneous  pa* 

prrs. 

5^.  6 hall'-shccisj  being  An  Account  of  the  Empires, 
&c,  repnsented  by  St.  John. 

57.  9 hatf'*sbccts  folio,  and  71  quarter-sbeeU  4to;  being 
Maihematical  pa|M'rs. 

.5$.  140  half>»biH'(|,  III  9 cliapters,  and  2 pieces  in 
folio,  tilled.  Concerning  the  Language  of  the 
Prophi-ts. 

59.  606  hutf-shiets  folio,  relating  to  llic  Chronology; 

9 more  in  laitin. 

60.  182  balf'shet^ts  folio  : bi  ing  loose  papers  relating  to 

ibe  Chronology  giid  Fropheciis. 

61.  144  quarter-sheets,  and  95  half  »hccls  being 

loose  Mathematical  papers. 

62.  137  half-sht'fls  folio;  being  loose  papers  relating  to 

the  Dispute  with  Ltnbnitz. 

63.  A folio  Common*placo  book  ; part  in  Sir  Isaac’s 

bard.  * 

64.  A bundle^  F.nglisb  Letters  to  Sir  Isaac,  relating 

to  Mutnematici. 

b5.  54  half-sheets;  being  loose  papers  found  in  the 
Principia.  * 

6^.  A bundle  of  loose  lilalhematical  Papers;  not  Sir 
Isnac’^ 

67.  A bundle  of  French  and  Latin  Ixitters  to  Sir  Isaac. 
f>8.  136  sheets  foKc,  relating  to  Optics. 

09-  22  half-sheets  folio,  De  Rationibus  .Motuuin,  Ac; 
not  in  Sir  Isaac’s  hand. 

70.  70  balf-shects  folio ; being  loose  Mathcmaiical 

Papers. 

71.  38  half-sheets  folio;  being  loose  papers  relating  to 

Optics. 

72.  47  half-sheets  folio  ; being  loose  papers  relating  to 

Chronology  and  Prophecies. 

73.  40  half-sheets  folio;  Proceslus  Mysterii  Magni 

Philosophicus,  by  Win.  Ywortb  ; nut  in  Sir 
Isaac’s  hand.  • 

74.  5 half-sbeeU;  being  a I,cUet  from  Uizretlo  to  Mar- 

tine,  in  Sir  Isauc’s  hand. 

75.  41  half-sheets;  being  loose  papers  of  several  kinds, 

part  in  Sir  Isaac’s  band. 

76.  40  half-sheets;  being  loose  papers,  foul  and  dirty, 

relating  to  Calculations. 

77-  9^  half-sheets  folio;  being  loose  Mathematical 
papers. 

78.  176  half-sheets  folio ; being  loose  papers  relating  to 
Chronology. 

79-  176  half-sheets  folio;  being  loose  papers  relating  to 
the  Prnphociei. 

fl2  half-sheets  folio;  An  Abstract  of  the  Cbro- 

80.  ^ nology. 

[92  half-sheets  folio ; The  Chroriologj*. 

81.  40  balf-sheefs  folio;  The  History  of  the  Prophe- 

cies, in  10  chapters,  and  part  of  the  llth  un- 
6nished.  '' 

82.  5 small  bound  books  in  12mo,  the  greatest  part 

not  in  Sir  Isaac’s  band,  being  rough  Calcula- 
# tions. 

May  26th  1727,  Examined  from  No.  41  to  No.  82  in- 
clusive, and  judged  not  lit  to  be  printed,  except  No.  80, 


] 

which  is  agreed  to  be  printed,  and  part  of  Ko.  61,  and 
81,  which  arc  to  be  reconsidered.  ^ 

‘ • n.  Peilft. 

Witness,  T^o  Pil/cin^on. 

It  is  astonishing  what  care  and  industry  Sir  Isaac  bad 
employed  about  the  papers  relating  to  Chronology,  Church 
History,  Ac;  as,  on  oxamining  the  pajicrs  theniM'Ivcs, 
which  arc  in  the  posses^^ioiiof  the  family  of  the  earl  <>f  Ports* 
mouth,  it  appears  that  many  of  them  are  copies  over  and 
over  again,  often  with  little  or  no  variation ; the  whole 
number  being  upwards  of  40tX)  sheets  m folio,  or  8 roams 
of  folio  pa|>er;  besides  iho  bound  books  Ac  in  this  cata- 
logue, of  which  ibu  number  of  sheets  is  not  mentioned. 

Of  these  there  Kau*  been  publislvd  only  the  Chronology, 
and  ObseiA'Uions  on  the  Prophecies  of  Daniel  and  the 
Apocaly|>sc  m St.  John. 

Many  ^er  curious  particulars  concerning  Sir  Isaac 
Newton,  ifly  be  seen  in  .Mr.  Folmund  I’urnor’s  Collections 
relating  to  the  town  of  Grantham,  published  in  I806. 

N ESTONIAN  Philosophy^  the  doctrine  of  the  umverse, 
or  the  propi  rties,  luw^,  utTections,  actions,  forces,  motions, 

Ac,  of  bodies,  both  celestial  and  terrestrial,  as  delivered  by 
Newton. 

This  term  however  Is  differently  applied;  which  has  given 
occasion  to  some  confused  notions  relating  to  it.  For  some 
authors,  under  this  term,  include  all  the*  corpuscular  phi- 
losophy, considered  as  it  now  stands  reformed  and  cor- 
rected by  the  discoveries  and  improvements  made  in  seve- 
ral parts  of  it  by  Newton.  In  which  sense  it  is,  that  , 
Gravesande  calls  his  Elements  of  Physics,  Introductio  ad 
Philosopbiam  Newtonianam.  And  in  this  sense  the  New- 
tonian is  the  same  as  the  new  philosophy;  and  stands 
contradistinguish^  from  the  Cartesian,  the  Peripatetic, 
and  the  ancient  Corpuscular. 

Others,  by  Newtonian  philosophy,  mean  Ihe  method  or 
order  used  by  Newton  in  philosophising ; vis,  the  reason- 
ing and  iufe-rences  drawn  directly  from  phenometm,  ex- 
clusive of  all  previous  hypotheses;  the  beginning  from 
simple  principles,  and  deducing  the  first  powers  and  laws 
of  nature  from  a few  select  phenomena,  and  thi'ii  applying 
those  Inws  Ac  to  account  for  other  things.  In  this  sense*, 
the  Newtonian  philosophy  is  the  same  with  the  experimen- 
taL  philosophy,  or  stands  oppoi>cd  to  the  ancient  corpus- 
cular, and  to  all  hypoibeticul  and  fanciful  systems. — 

Others  again,  by  this  term,  mean  that  philosophy  to  which 
physical  bodies  arc  con»^idered  mathematically,  and  where 
geometry  and  mechanics  are  applied  to  the  solution  of 
phenomena.  In  which  sense,  the  Newtonian  is  the  same 
with  the  mechanical  and  mathematical  pbilosophy.1- — 

Others,  by  Newtonian  philosophy.  Understand  that  of 
physical  knowledge  which  Newton  has  handled,  improved, 
and  demonstrated.-— And  lastly,  others,  by  this  philoso- 
phy, tiuan  the  new  principles  which  Newton  has  brought 
into  philosophy;  with  the  new  system  foundt*d  upon 
them,  and  the  new  solutions  of  phenomena  thence  de- 
duced; or  ilmt  which  chamctcrizes-and  distinguishes  his 
philosophy  from  all  others.  And  this  is  the  sense  in  ^ 
which  wc  shall  here  chiefly  consider  it.  * 

This  philosophy  was  first  published  in  the  year  1687, 
the  author  being  then  professor  of  mathematics  in  the  uni- 
versity of  Cambridge;  a 2d  edition,  with  considerable  ad- 
ditions and  improvements,  flppeuri'd  in  1713;  and  a 3d  iu 
1726.  An  edition,  with  a very  large  commentary,  was 
published  in  1739*  by  Lc  Scur  and  Jacquier;  besides  the 
complete  edition  of  all  Newton's  works,  wiUi  notes,  Ly 
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Dr.  Horsley,  in  1779  i>«vcral  authors  have  cndc.*i-> 
vuured  lu  make  it  plainer;  by  scitmg  aside*  many  of  (he 
more  sublime  matliemHtical  ri*beurchcs,  and  substituting 
either  more  vbvii^us  rx  Jl^onings  ur  experiments  iustcad  ot' 
them;  particularly  W lii^tun,  in  lus  PrarK-ct.  Phya.  Mu' 
them.;  <truvt'»unde,  in  Elcm.  el  Inst. ; Peiiibi  ilon,  in  his 
View  ^itc  ; and  Madaurin,  in  his  Account  of  NcHton’s 
Philosophy. 

The  chief  piirts  of  the  Newtonian  philoniphy,  as  deli- 
vereti  hy  the  author,  except  his  Optical  Discoveries 
are  contained  in  his  Ptiiicipia,  or  Mathematical  Principle  s 
of  Natural  Philosophy,  ili  founds  his  systvm  on  the  n<|* 
louring  dclinitioni.  1.  Quantity  of  Matter,  is  the  mea- 
sure of  the  same,  arising  from  its  density  and  bulk  con- 
joinily. — Thus,  air  of  n doutilc  density,  in  the  same  space, 
it  double  in  quantity;  tn  a double  space,  iv  qtiudniple  m 
quantity  ; in  a tuple  space,  issexiupiein  quaiiuty,  ^c.*— 
S.  Quantity  of  Motion,  i>  the  measure  of  the  aume,  arising 
from  the  velocity  and  qiiuntlty  of  matter  conjuncily.*-'* 
^Tliis  is  evident,  because  the  motion  of  the  whole  is  the 
motion  of  all  itf  parts;  and  iherel'»*rc  in  a body  double  in 
quantity,  w-iih  equal  velocity,  thcMutiun  is  double,  &c. 
— 3-  The  Via  Insita,  Vis  Inurtiae,  or  innate  force  of  mut- 
ter, is  a power  of  resisting,  hy  which  i-vety  body,  as  much 
as  in  it  lie!>,  endeavours  to  pt't^cvcrc  in  tiv  present  Htaie, 
whether  it  ho  of  rest,  or  moving  unitormly  forward  in  a 
right  line.— This  detiuitioii  is  proved  to  be  just  by  exiH*- 
rience,  from  observing  (he  difficulty  with  which  any  body 
is  moved  out  of  its  place,  upwards,  or  obliquely,  uy  eveil 
downwards  when  acted  uii  by  a body  endeavouring  to  urge 
it  quicker  than  llic  velocity  given  it  by  gravity  ; and  any 
bow  to  change  its  state  of  motion  or  rest.  And  iberelpre 
this  force  is  the  same,  whether  the  body  have  gravity  nr 
not ; and  a CHnnon-btill,  void  of  gravity,  if  it  could  be, 
being  di.scbargt  d horuuntaliv,  will  go  the  same  distance 
in  that  direction,  in  the  same  time,  as  if  it  were  eiulued 
with  gravity. — 4.  An  Impressed  Force,  is  an  action  exerted 
on  a body,  in  order  to  change  its  slate,  whether  of  re's!  or 
motion.— 'Hus  force  consists  in  the  action  only  ; and  re 
mains  no  longer  in  the  body  when  the  action  is  over.  For 
a body  maAtams  every  new  state  it  acquin's.  by  its  vis 
inertix  only. — 5.  A Centripetal  Force,  is  (hat  by  which 
bodies  arc  diawn,  impelled,  or  any  way  tend  towards  u 
point,  as  to  a centre.  'I1iis  may  be  considered  of  three 
kinds,  absolute,  accelerative,  ami  motive. — 6.  The  .Abso- 
lute quantity  of  the  ceiitripetui  force,  is  u measure  of  the 
same,  proportional  to  the  efficacy, of  the  cause  that  urges 
it  to  ihe  centre. —7.  The  Accelerative  quantity  of  a ceti- 
tripe'tul  force,  is  (he  measure  ol  the  same,  pioponiotml  to 
the  velocity  which  it  generates  in  a glv<*n  time. — K,  ‘rhe 
Motive  quantity  of  .a  centripetal  force,  un  measure  of  the 
same,  proportional  to  the  motion  which  it  generates  in  a 
given  lime. — This  is  always  known  by  the  quantity  of  a 
force  equal  and  contrary  to  it,  that  is  just  sufTicient  to 
hinder  the  desec  nt  of  the  body. ' 

After  tbeae  dcfiniliuns,  follow  certain  Scholia,  treating  of 
the  nature  and  distinctions  of  Time,  Space,  Place,  Motion, 
Absolute,  Relative,  .Apparent^  True,  Heal,  &c.  After 
whicb,  the  author  proposes  to  show  how  fve  are  to  colli'Ct 
the  true  motioss  from  llicir  causes,  effects,  and  apparent 
differences ; and  vice  yersa^ow,  from  the  motions,  either 
true  or  apparent,  we  may  arrive  at  the  know  ledge  of  their 
causes  ami  t tK  cis.  In  order  to  this,  he  Uy*  down  the  lol- 
lowing  axioms  or  laws  of  motion. 

1st  Law.  Every  body  peneverca  in  its  slate  of  rest,  or 


of  uniform  motion  do  a right  line,  unless  it  ^ compelled 
to  change  that  state  by  forces  impressed  on  it. — ^Thus, 
**  Projetnlt*!!  persevere  in  tiuir  muiion^,  so  far  as  they  are 
Out  retarded  hy  the  nyi'tancc ' ol  the  air,  or  iinpeiled 
downwards  by  the  lorce  of  gravity.  A l<*p,  whose  parts, 
by  iiRir  cohesion,  arc  peipeluuUy  drawn  aside  from  ntii- 
iinear  motions,  does  not  cease*  itv  rotation  utheruise  than 
as  ’it  IS  retarded  by  tne  air  or  tricUoii,  \c.  'Ijie  grtatcr 
bodies  of  the  plam  ts  and  comets,  meeting  with  less  resist- 
ance lu  more  Irce  spaces,  preserve  tluir  motions,  both 
progreswyc  ami  circiiJ^r,  for  a much' longer  time.'^ 

Law.  Tht  Aileiation  of  motion  is  always  proper- 
tiunal  to  (be  im»rive  force  irnpirsved ; aiut  i»  mu  le  m the 
direction  r.|  the  right  line  in  which  thattbree  ii  iriipreHsed. 
Thus,  if  any  fotc^  gt  iierato  a Ct  rtdiu  quantity  ol  lootion,  a 
d(Hibk*  lorcc  will  gc-iif-mte  a douliTt  quantity,  whriher  that 
force  b.  irnpityorfM  ail  ur  uiiccsor  in  s«ccts*ivc  moments. 

3d  Law.  "Jo  ive^  action  there  is  always  opi>o*cd  an 
equal  rc-uctiou : or  the  mutual  actions  of  two  boiucs  upon 
each  other,  are  always  equal,  aivl  dirwicii  to  contrary 
pirts.  7h“*»  whatever  draws  or  pir*,jns  another,  is  as 
much  drawn  or  pn  sM*d  by.  that  other.  If  you  press  a 
Slone  with  your  niigcr,  (he  tingor  n>  uiso  pressed  by  the 
stone:  Ac.' 

From  this  axiom,  nr  law,  Newton  deduces  the  follow- 
ing corollarii*s.— 1.  A body  by  two  forces  conjoined  wiU 
describe  (he  diagonal  of  a parallelogram,  in  the  same  Urau 
that  it  would  describe  tlie  sides  by  those  forces  apart<— 

а.  IfeiiCf  is  explnimd  the  compovition  of  any'  one  direct 
forc(^  out  of  any  two  oblique  ones,  vis,  ly  making  the  two 
oblique  forces  (he  sides  of  a parallelograin,  ami  the  dia- 
gonal the  direct  one.— 3.  The  quantity  of  motion,  which 
is  collected  hy  taking  the  sum  of  the  niotions  directed  to- 
wards the  same  parts,  mid  the  dith  rci*ce  ot  (hose  that  arc 
din'CU'd  to  contrary  parts,  suffers  no  change  from  the 
action  of  bodies  among  themselves;  berau»e  the  motion 
whicfi  one  body  loses,  iii  coininunicaled  to  anuther.— 
4.  The  common  centre  of  gr*u\ity  of  two  nr  more  bodies 
does  not  alter  its  state  of  motion  or  rest  by  the  aciione  of 
the  bodies  among  themselves;  and  therefore  ih*^ common 
centre  of  gravity  of  all  bmiiis,  acting  on  each  other,  (ex- 
cluding externul  uciions  and  inipediioents,)  i»  oitherat  rest, 
or  moves-uniformly  in  a right  line.— 5.  The  motions  <4* 
bodies  inclmlect  in  a given  spare  arc  the  same  anumi:  them- 
selves, whether  that  space  b<*  at  rcst,*or  move  ntufurnily 
forward  in  a right  lim-  without  any  circular  motion.  'J'hc 
truth  of  this  is  evide-nt  from  the  experiment  of  n ship;, 
whore  all  mutioni  art*  just  the  same,  whether  the  ship  to 
at  rest,  or  proceed  uniformly  forward  in  a straight  line.— 

б.  If  bodies,  any  how  moved  among  ihemsi*jvt*s.  be  urged 
in  the  direaiuh  of  parallel  lities  by  i*qunl  accelerofive 
forces,  they  will  all  continue  to  move  among  ibomvclvcs, 
after  the  same  muimer  as  if  they  had  not  been  urged  by 
such  forces. 

The  mathematical  part  of  the  Newtonian  Philosophy 
diq>eiids  chiefly  on  the  following  lennnas;  rspactally  the 
fftAi;  containing  the  doctrine  of  pnmt*  and  ulUmaU*  ra- 
ttoH. — Lr.M.  1.  Qnanriiivv,  and  the  ratios  of  quHnmics» 
which  in  any  fiiiilv  tinu*  ctmverce  conftnually  to  equality, 
and  before  (he  end  of  that  time  approach  nearer  il»e  one 
to  the.  other  than  by  «ny  given  difference,  become  ulti- 
mately rqunl.-^LKM.  2 shows  that  in  a space  bounded  by 
two  Tight  liiH*s  and  a curve,  if  an  infinite  number  of  paral- 
lelograms be  inscribed,  ail  of  equal  brradtb;  then  the  ul- 
tiisate  fuUo  of  the  curve  space  and  ibe  sum  of  the  paral* 
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Velograms,  will  Iw  a ratio  ol’  equality. — J-r.M.  5 shows,  that 
the  same  thing  is  true  when  the  biiaillhs  of  the  |iaiallelo- 
grams  are  uiirijuai. 

ill  the  MiCLveiling  lemm.ns  it  is  shown,  in  like  manner, 
that  the  ultimate  ran«»s  uf  the  sim%  chorti,  ami  langcnt  uf 
•res  inftmiol)  tlnmiiislied,  ^ mtihs  of  crjuality,  und 
iheret'ufo  (hut  in  all  our  reasonings  about  these,  wc  may 
safely  UM‘  the  une  fur  the  other: — that  the  ultimate  fohii 
• of  ev.ini*scenl  triangles,  made  by  tin-  arc,  chord,  or  tan- 
gent, IS  that  of  similitude,  and  their  ultimate  ratio  is  that 
of  equality  ; ami  hence,  in  reasonings  about  ultimate  ra- 
tios, ilwsc  triangles  may  safely  be  used  one  for  another, 
whether  they  arc  mude  with  the  sine,  the  arc,  ur  llic  tan- 
gent.—The  author  then  deinom-t rates  some  properiiis  of 
the  onUmites  of  cur\ilnicar  figures;  and  shows  that  the 
spaces  wljich  a body  dt^bribes  by  any  finite  force  urging 
it,  whctlx  r tlmt  force  is  determined  end  immutable,  or 
cohlinuully  vuritil,  itre  to  each  other,  in  the  very  l»r(:jn- 
oitig  of  the  riiOlinn,  in  the  duplicate  ratio  of  thu  forces; 
‘—and  lastly,  having  added  some  demonstrations  concern- 
ing the  evanescence  of  angles  of  contact,  he  proceeds  to 
lay  tiown  (lie  mathematical  part  of  his  system,  which  dc- 
peAd*  on  the  following  theorems. 

TiiEon.  1.  The  areas  which  revolving  bodies  describe 
by  radii  drawn  to  an  immoveable  centre  of  force,  lie  in  the 
same  immoveable  planes,  and  are  proportional  to  the  times 
in  which  they  are  described. — 'I'o  this  prop,  are  annexed 
several  corollaries,  respecting  the  velocities  of  bodies  re- 
s'olving  by  centripetal  foicrs,  the  directions  and  propor- 
tions of  tlio«'  forces,  &c;  such  as.  that  the  velocity  of 
such  a revolving  body,  is  reciprocally  as  the  |H.'rpendicu- 
lar  let  fail  from  the  centre  of  force  upon  the  line  touching 
the  mbit  in  the  place  of  the  I»ody,  6cc. 

Tiiror.  2.  Kvery  Ixwly  ihut  moves  in  any  curve  line 
lUscrilied  in  a*phine,  and,  b)  a radius  drawn  to  a point 
either  immoveable  or  moving  inrwatd  with  u uiiilurm  rec- 
tilinear motion,  dt  scribes  ahuut  that  point  areas  propor- 
tional to  the  limes,  is  urged  by  a centripetal  force  din^tcd 
to  that  point.— Vl'ith  corollaries  relating  to  such  motions 
in  resisting  mediums,  and  to  the  direction  of  the  forces 
when  the  areas  are  nut  proportional  to  the  times. 

Tjieok.  3-  Hvcry  body  that,  by  a radius  drawn  to  the 
centre  of  another  body,  any  how  moved,  describes  areas 
about  that  centre  proportional  to  the  timt'S,  is  urged  by  a 
force  compounded  of  the  centripetal  forces  tending  to  that 
other  body,  and  of  the  whole  accelerative  force  by  which 
that  other  body  is  iinpelled.— With  several  coroltarirs. 

TiiEon.  4.  The  ccf»tripi*ial  force  of  bodies,  which  by 
equal  motions  describe  difi'ereni  circles,  tend  to  the  centres 
of  the  !^nme  circhu;  and  are  one  to  the  other  as  the 
squares  of  the  arcs  described  in  equal  limes,  applied  to  tbc 
radii  of  the  cirdfs.— -With  many  corollaries,  relating  to 
tbc  veiocilies,  times,  periodic  forces,  See.  And,  in  a scho- 
lium, t)»e  author  further  adds,  .Moreover,  by  means  of  the 
foregving  propovitimi  and  its  corollarivs,  we  may  discover 
the  proportion  of  a centripetal  force  to  any  other  known 
force,  such  as  that  uf  gravity.  Fur  if  a body  by  means  of 
its  gravity  revolve  in  a circle,  concentric  to  the  earth,  this 
gravity  is  the  centripetal  force  of  that  body.— But  from 
the  de>cent  of  heavy  bodies,  the  time  of  one  entire  revolu- 
tion, as  well  as  the  arc  deschU*d  in  any  given  time;  is 
given  by  a curol.  to  this  prop.  Ami  by  such  pruprmtioiis, 
Mr.  Ituvgims,  in  his  excellent  book  De  llorolngio  Osdl- 
latorio,  ha>i  compared  the  force  of  gravity  with  the  centri- 
fugal forces  of  revolving  bodies. 


On  these,  and  such  like  principles,  depends  the  New- 
tonian maihcmaticiil,  philnanphy.  The  author  further 
shows  how  to  find  the  centre  to  which  the  forces  impelUng 
any  body  arc  direcied,  having  the  velocity'  of  the  body 
given:  and  finds  that  the  centrifugal  force  is  always  as  the 
versed  sine  of  the  nascent  arc  directly,  am!  ua  the  square 
of  the  time  inversely  ; ur  directly  as  the  squaie  uf  the  ve- 
locity, and  inversfly  as  the  chord  of  the  nascent  arc. 
From  these  prcmisi>s,  he  deduces  the  metliod  of  finding 
the  centripetal  force  directed  to  any  given  point  when  the 
body  revolves  in  a circle;  and  this,  whether  tlie  central 
point  be  near,  oral  immense disianco;  so  that  all  the  lines 
drawn  from  it  may  be  considered  as  parulkds.  .And  he 
shows  the  sKmc  thing  with  regard  to  bo<lies  revolving  in 
spirals,  i llipst's,  hyperbolas,  or  parabolas.  He  shows  also, 
having  the  figures  of  tbc  orbits  given,  how  to  find  the  ve- 
lucitii'S  and  moving  powers ; ami  indeed  resolves  ail  llie 
most  diiTicuil  problems  rvl.iliug  to  the  celestial  bodice  with 
a surprising  d'*:;.!  c <»f  mathematical  skill.  These  problems 
and  dcmottsu.iUu]i3  are  all  contained  in  the  first  book  of 
thu  ifrincipia : but  an  account  of  them  here  would  nei- 
ther be  gencially  understood,  nor  easily  comprisctl  in  the 
limits  ot  this  wi.rk.  « 

In  the  second  book,  Newton  treats  of  the  properties  and 
motion  of  fluids,  at.d  ilieir  powers  of  resistance,  with  the 
motion  <»f  bodies  through  such  resisting  mHiums,  those 
resistances  being  in  the  ratio  of  any  powers  of  the  veloci- 
ties-; ami  the  motion*  being  either  mude  in  right  lines  or 
cur>t*s,  or  vibrating  like  pendulums.  And  here  he  do- 
nirmsKales  sucti  principles  as  entirely  overthrow  the  doc- 
trine uf  Descartes’s  vortices,  which  was  the  fashionable 
syMein  in  his  lime  ; concluding  the  book  with  these  words : 
So  that  the  hypothesis  of  vortices'is  utteily  irrcconcile- 
uble  with  aslrunonueal  plienoim'na,  and  rather  serves  to 
perplex  thsin  explain  ihr.heavrnly  motions.  How  thesa 
motions  are  pcrioriiu'd  in  In-e  spaces  without  vortices, 
may  be  understood  by  the  first  book ; and  1 shall  now 
more  fully  treat  of  it  in  the  following  book  Of  the  System 
of  the  World.^ — In  this  secoiul  hook  hu  makes  great  use 
of  the  doctrine  of  tluxiuii5,tiiea  lately  invented  ; for  which 
purpose  he  lays  down  the  principles  uf  that  doMrine  in  lb« 
2d  lemma,  in  these  words : *'  I'hc  moment  of  any  geni- 
tum,  is  equal  to  tbc  inumcnts  of  each  of  the  generating 
sides  drawn  into  the  indices  of  the  powers  of  those  sides, 
and  into  their  coefiicients  continually:’*  which  rule  he  dc- 
uion-itmtcs,  and  then  adds  the  following  scholium  con- 
cerning the  invention  of  that  doctrine:  **ln  a letter  uf  mi  tic,** 
says  be,  “to  Mr.  J. Collins,  diited  December  10,  16’72, 
having  described  a^method  ol  tangents,  which  1 suspected 
to  be  the  same  with  Slusius’s  method,  which  at  that  lime 
was  not  made  public ; 1 subjoined  these  words  : * Tiiis  is 
one  particular,  or  rather  a corollary,  of  a general  method 
which  extends  itself,  wilhoiilany  troublesome  calculation, 
not  only  to  the  drawing  of  tangents  to  any  curve  lines, 
whether  geometrical  or  macimnical,  or  any  how  resp«‘Ciing 
right  lines  or  othtr  curves,  but  also  to  the  resolving  other 
ab«truser  kinds  of  problems  atmut  tbc  curvature,  an^s, 
lengths,  centres  of  gravil)\of  curves,  Arc;  nor  is  it  (as 
iludden's  method  de  nuximis  et  minimis)  limited  to  e qua- 
tions which  are  free  from  sunlquantilies.  This  method  1 
have  interwoven  with  that  otl^r  of  working  inequations, 
by  reducing  them  U»  infinite  series.’  So  far  that  letter. 
And  these  last.vvords  relate  to  a tr.i'atisc  1 composed  on 
that  subject  in  the  year  Which,  at  least,  is  there- 

fore tbc  date  uf  the  invention  of  the  doctrine  of  fluxions. 
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Of)  entering  upon  ihe  3d  bouk  of  ibePrinctpia,  Newton 
brieliy  recapitaliuai  iht*  comcm<.  of  the  tw<»  u^rmcr  books 
111  tiiesc  words:  **  lo  tbe  preceding  books  I Lave  laid 
down  ti>«  principles  of  philtHophy ; principles  not  pliilo- 
sopbicul,  but  malLcmatical ; such,  lo  wit,  as  we  may 
build  our  reaHtiiings  upon  in  philosophical  inquiries* 
Th>'»u  principles  the  laws  and  conditiuns  of  ccriaiii 
motions,  and  powers  or  furccs,  which  chiefly  have  respect 
to  philosophy.  Bui  lest  they  should  buve  H|qH'ansl  of 
tbe(D».-lvti6  dry  and  harreo,  1 have  illustrated  them  here 
and  theie  with  some  philosophicul  scholiums,  givmgaii  ac- 
count of  such  things  as  arc  of  a muregenetat  nature,  and 
which  philosophy  ^cems  chiefly  to  be  founded  on  ; such 
as  the  den>ity  and  the  resistance  of  iKKlKta,  space's  void  of 
all  matter,  and  the  motion  of  light  and  Miunds.  It  re* 
maim,  he  adds,  that  from  the  same  principL-s  I now  de- 
mun^lrHic  th"  frame  of  the  system  of  the  world.  Upon 
this  subirct.  1 bad  indeed  com(><ised  ibc  3d  book  in  a p^>* 
puiar  method,  that  it  might  be  read  hy  many.  Hut  after* 
wards  cniisidcring  tlmt  such  ai  had  nut  suirictently  entered 
into  the  pi  mcipU's  could  nut  easily  discern  the  stietiglb  uf 
the  convequeiict^v,  uur  Uy  aside  the  prijudlces  to  which 
they  had  bteii  nmny  y'l'ars  accustomed  ; lberedc«re  to  pre* 
vunt  the  ilispules  which  might  be  raised  un  such  acc<Hints, 
i cbovetu  reduce  the  stthsuiice  of  that  U>ok  into  the  form 
of  propddnons,  m thcroathcmaiicel  way,  which  should  be 
read  by  tbw*r  only,  who  had  iiivt  made  ibem<l'es masters 
of  the  piinciplev  e9iaLli'>hi*d  in  the*  prvCe'ding  Uioks.’* 

As  a neCe'v^ry  preliminary  to  this  3d  part,  New  ton  lays 
down  the  following  rub  s for  n asoniug  in  natural  pbiIo<tu* 
phy: — }.  \V(*  are  ai  admit  no  more  caum.'S  of  natural 
things,  than  hucu  a>  are  both  (rue and  sulLcient  to  explain 
their  nntiirul  tippearunct  ^. — Therefore  to  thoatne  na- 
tural e-tiocts  we  iituH  itlwaiiS  assign,  us  fur  us  possible,  the 
s.nm*  causes.— '3.  I'he  qUiditU’S  ul  bodies  which  admit 
neither  intensity  nuf  remission  of  «legrecs,  and  which  arc 
found  to  ImIor,;  to  all  b'.dius  wttbin  the  reach  of  our  ex* 
pernueiits,  art.  t < be  tsieeined  the  utiiver-al  qualities  uf  all 
bowies  whatever.— 4.  In  exp  rimental  phibwophy,  we  aic 
to  coi.^vier  pr*»p"atii*ms  cullccied  by  general  induction 
fruni  plu-noiucrM,  lu  acctimivly  or  very  nearly  true,  not- 
wiiiisUnotng  any  contrary  hypoih»Ms  that  may  be  imn- 
glm^l,  tilt  surh  ume  4S  otlier  phenoim  na  occur,  by  which 
liu-y  m ly  either  ue  made  iumi\'  HCCuraU*,  or  liablu  tu  ex* 
cepO'Mis. 

lilt'  phen>»mcnH  fir>i  considered  nro,  I.  That  tlu*  sate!* 
lilt)  of  Jupiter,  by  radii  drawn  tu  liis  centre,  describe  ureas 
pu  poriioikol  tu  tne  tiniv's  ot  di  scriptiuii ; and  that  their 
fairiotiic  times,  the  Hm-J  stars  being  ut  rest,  arc  in  the 
sr)i|mdupiicate  ratio  of  their  diitanco  from  that  centre. 
•2.  I he  same  thing  is  likewise  oh*iTved  oT  ilie  phenomena 
ofSaturn.  3.  The  five  primary  |»lanets,  Mercury,  \*enuv, 
Mars,  Jupiter,  and  Sutuin,  with  their  M.\eral  orbits,  eu- 
conipaat  the  sun.  4-  Hie  fixed  stars  btiiig  tuppused  at 
rvvt,  the  pv..»iodic  timi^s  of  the  said  five  primary  plurKls, 
and  of  tbv  earth,  ubout  the  sun,  arc  in  the  seM^uiduplinue 
propurtiun  ot  tlteir  luetm  distances  from  the  sun.  5.  The 
piMiury  plamts,  by  radii  drawn  to  the  eatlh,  describe 
UK  as  no  ways  prupurtumnl  to  the  litmv:  but  the  areas 
wdocii  they  d^ribc  by  radii  drawn  lo  the  sun  an.*  pro* 
porinmul  to  the  times  uf  devcription.  6.  1'Ke  moon,  by 
a iudui)  dravrn  to  tho  centre  of  the  CHrib,  describe^  an 
urea  proportion. i1  to';Lc  time  of  description.  All  winch 
phiikfMiUu  Aic  cleqriy  evinced  by  astronomical  ubtertn* 
II. 


tions.  The  mathematical  demonstralioiis  are  next  applted 
by  Ncwlun  in  the  following propo>muii). 

Haul*.  1.  ‘I'he  forces  by  which  the  satrHites  of  Jupiler 
are  continuully  drawn  off  from  rectilinear  motions,  and 
retained  la  their  proper  urUits,  utid  to  the  centre  of  ihul 
plaoet ; and  are  rccipr<jcnUy  as  tlie  squares  of  the  d)s'anct*e 
of  4huK‘  satclUfcs  fn^m  that  centre.— -I*aor.  S.  'I’fie.same 
thing  is  true  of  the  primary  planets,  with  respect  lu  dio 
sun's  cumre.— Prop.  3-  1 tic  same  thing  i«  ul»o  true  ol  the 
moon,  in  nwpccl  ot  the  earth's  centre. — Brop.  4.  Tim 
moon  gravitates  towards  tbu  curlh  ; and  by  the  force  of 
gravity  is  continually  druwrn  ofl'  fruin  a rtcidincar  motion, 
and  retuiiicd  in  her  orbit  — Prop.  5.  t he  same  thing  is 
true  of  all  the  other  planets,  both  pnniary  and  KCondary, 
eucli  with  n»|H-ci  lo  the  Ciiitre  td  it»  motion.— Pitup.  o. 
Ail  bodies  gravitate  towards  every  planet;  and  the  wxigbts 
of  butties. towards  any  ouc  and  the  same  planet,  at  equal 
distances  from  its  centre,  arc  proportional  to  liic  quuuli> 
lies  of  mutter  they  contain. — Pkop,  7.  There  is  a power 
of  gravity  tending  to  all  bullies,  proportional  to  the  seve- 
ral quandtics  of  inuiicr  which  they  contain.— Prop  fi. 
Jn  (wo  spheres  mutually  gravitating  each  towards  the 
other,  if  the  matter  m places  on*  all  sides,  round  auout  ami 
equidistant  from  the  centres^  U*  wmihir ; the  weigut  ot 
cither  spuerr  towards  (he  other,  will  be  reciprocally  oa  the 
square  of  (he  di'>tancc  between  ibeir  centres.— Hcice  are 
cuinpaitd  together  the  wiigbts  of  bmiivs  towards  diffmyit 
planets  : hence  iilsu  ur\*  d:»ci>vervd  the  quamiiio  of  mat* 
let  in  the  several  planets  : and  bfi«cc  likewise  are  foutid 
the  detisities  of  the  piaiiolv— Prop.  S-  ‘I’he  force  i»f  gm- 
vity,  ill  parts  downwards  from  the  surface  uf  tbc  planets 
Inwards  tbeir  centres,  decreast's  marly  in  the  pr«]H>rlion 
of  the  distanceafrom  those  centres. 

'I  bese,  and  muny  other  pruposiiiuns  and  curollaries,  arc 
proved  or  lilu&irmUd  by  a great  varnHy  uf  i\pi  nmeiils,  in 
all  tho  grent  points  of  physical  astronomy  ; such  as,  'Ihat 
tbc*  motiins  of  the  plunits  m Un-  hcaveus  may  subsist  an 
exceeding  long  time;— 'I  hat  the  centre  of  ihe  system-uf 
the  viorld  is  imnioveublc  Tliat  the  cominun  centre  of 
gravity  of  the  earth,  the  »un,  and  all  the  planets,  toi-. 
muveath  Timl  the  sun  is  agiun  d by  a pof|»etual  n.o- 
tion,  but  never  recedes  far  from  the  common  ceiiirc  uf 
gravity  of  «n  lijc  plnmis:-*'!  fiai  ll*c  planets  move  m el. 
jip»a»  which  have  llurr  coitininn  focus  (ii  tlic  centre  oi  liit* 
lun;  ami,  by  radii  drawn  to  that  centre,  they  desiiici' 
arewaprt'p^rtiimal  to  the  tiiiu-»of  d«  scription : — ThoRphe 
liom  nnd  nudes  uf  the*  urlntv  of  the  planets  are  tixl I'u 
find  tho  aphotnim,  excciiincit'o?,  and  princijkal  diQiu-U'is 
of  lhaorbils  ot  the  pl*ui«»ts  Tlut  the  diurnal  mulu  ns  »f 
the  planets  are  uniform,  and  ihni  the  li!. ration  ol  the  nuM*n 
arin-»  from  her  diurnal  moth  ii;  — Of  the  pnqiorlion  la*- 
(wc<*n  the  a\c»  u(  the  planets  and  the  diameters  (aTpemii- 
cuUrto  ihuM*  axes:— Of  ihq  weight-,  uf  b>Mlir»  in  ta-  d‘.l* 
firmi  regioiii  nf  uur  rartb  That  tin  eqiiin^vcti.il  point* 
go  backwards  and  that  the  earth's  a\i*,  by  n nutayun  in 
every  annual  rtvolrtion,  twice  v.brMes  towards  she  cclip* 
r c,  .ind  as  often  retuins  to  itv  former  pu»t(ion  Tliai  all 
ihemutinnv  of  the  moon,  and  all  ite  irHqnalirie»  of  ib*>Ae 
motions,  follow  from  the  principled  above  laid  down.*— 
Of  (be  uuequrit  inotioirs  uf  the  -uitcllitcs  of  dupit^  nu.i 
S.itiirn  Of  lju*  flux  and  reflux  oOlieFCRta^  arising  frum 
ihp  iictioas  of^e  *un  ami  moon Of  the  forces  wiin 
which  (he  sun  •)K(urh9  ibv  motiomof  the  moon  i c.f  tbe.v^.- 
lioui  molmna  cd  the  mu^n,  o*'  her  orbit,  varutmu,  im  Ima* 
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lion*  of  lirr  orbit,  and  ibc  5i*ver*l  motions  of  her  nodwi 
-»Of  ttic  tuii'S,  wiib  tliC  forces  of  the  i>un  «nd  moon  to 
produce  lliem  Of  the  figure  of  the  mo«»n’s  body  : — Of 
the  precession  of  the  equinoxes  :~And  of  the  motions  uiid 
trajectory  of  cornels.  'I  he  great  author  then  concludes 
uith  ag<  neral  scholium,  coniaimngicfloctitius  on  the  pnn* 
cipal  parts  of  the  great  and  beautiful  system  of  (he  t/ld' 
verse,  and  of  the  intinite,  eiernu!  Creator  and  Governor 
of  it. 

“ The  hypothesis  of  vortices,”  says  he,  *•  is  pressed  with 
many  difKcultiek.  That  every  planet  by  a radius  drawn 
to  the  sun  may  describe  arcus  proportional  to  the  times 
of  description,  the  periodic  tiroes  of  the  several  parts  ofthc 
vortices  should  ol»crvc  the  duplicate  proportion  of  their 
distances  from  the  Sun.  Hut  tiiat  the  periodic  limes  of 
the  planets  may  obtain  the  sesquiduplicate  prupirtion  of 
their  disunres  from  the  sun,  the  pcrio<lic  times  of  the  parts 
of  the  vortex  ought  tube  in  the  sesquiduplicatc  prupurtion 
of  their  distances.  That  the  smaller  vortices  may  main- 
tain their  lesser  revolutions  about  Saturn,  Jupiter,  and 
other  planets,  and  swim  quietly  and  undisturhed  in  the 
greater  vurtex  of  the  sun,  the  periodic  times  of  the  parts 
of  the  sun’s  vortex  should  be  equal.  But  the  rotation  of 
the  sun  and  planets  about  tltciraxcs,  which  ought  to  cor- 
respoiu^  with  the  motions  of  their  vortices,  recede  far  from 
all  liiese  proportions.  The  motiotisuf  the  comets  are  ex> 
cecding  regular,  are  governed  by  the  same  laws  with  the 
motions  of  the  planets,  and  can  by  no  means  be  accounted 
for  by  the  hypothesis  of  vortices.  For  comets  are  carried 
with  very  exceniric  motions  through  all  parts  of  the  hea- 
vens iiidifiereiitly,  with  a freedom  that  is  incompatible  with 
the  notion  of  a vorte.\. 

**  Bodies,  projected  in  our  air,  suffer  no  resistance  but 
from  the  air.  Withdraw  the  air,  as  is  done  In  Mr.  Boyle's 
vacuum,  and  the  resistance  ceases.  For  in  this  void  a bit 
of  fine  down  and  a piece  of  solid  gold  descend  with  equal 
velocity.  And  the  parity  of  reason  must  take  place  in 
the  celestial  spaces  above  the  earth’s  atmosphere;  in 
which  spaces,  where  there  is  no  air  to  resist  their  motions, 
all  bodies  will  move  with  the  greatest  freedom;  and  the 
plarvcts  and  comets  will  constantly  pursue  their  revolu- 
tions in  orbits  given  in  kind  and  position,  according  to  the 
laws  above  explained.  But  though  these  bodies  may  in- 
deed persevere  in  their  orbits  by  the  mere  laws  of  gravity, 
yet  they  could  by  no  means  have  at  first  derived  the  regu- 
lar poaition  of  the  orbits  themselves  from  those  laws. 

“ The  six  primary  planets  arc  revolved  about  the  sun, 
in  circles  concentric  with  the  sun,  and  with  motions  di- 
rected towards  the  saroe  parts,  and  almost  in  the  same 
plane.  Ten  moons  are  revolved  about  the  earth,  Jupiter 
and  Saturn,  in  circles  Concentric  vritb  them,  with  the 
same  directiuu  of  motion,  and  nearly  in  the  planes  of  the 
orbits  of  those  plarirts.  BuPit  is  not  tu.be  conceived  that 
fnere  mechanical  causes  could  give  birth  to  so  many  re- 
gular motions : since  the  comets  range  over  all  parts  of 
the  heavens,  in  very  cxcentric  orbits.  Fur  by  that  kind  of 
motion  they  pass  easily  ihrougE  the  orbs  of  the  planets, 
and  with  gix'at  rapidity;  and  in  their  aphelioo*i,  where 
they  move  the  slowest,  and  are  detained  the  longest,  they 
recede  to  tfic  greatest  distances  from  each  other,  and 
whence  suffer  the  least  disturbance  from  ^leir  mutual  at- 
tractions. This  most  beautiful  system  of  the  sun,  planets, 
and  comets,  could  only  proceed  from  the  counsvd  and  do- 
roinioa  of  an  intelligent  and  powerful  Being.  And  if  the 


fixed  stars  are  the  centres  of  other  like  systems,  these 
being  formed  by  the  like  wise  counsel,  must  be  all  subject 
to  ihc  dommiuu  of  one;  especially,  since  the  light  of  ihe 
fixed  stars  is  of  the  same  nature  with  the  light  of  the  sun, 
and  from  every  system  light  pnsv^  into  all  the  other  sys- 
tems. And  lest  the  system  of  the  fixed  stars  should,  by 
their  gravity,  fall  on  each  orfier  mutuuHy,  far  hath  placed 
those  systems  at  immense  disianee^onc  from  another.” 

I'hen,  after  u fruly  pious  and  philosophical  descant 
on  iheallributes  of  the  Being  who  could  give  existence  and 
continuance  to  such  prodigious  meebunism,  and  with  so 
much  beautiful  order  and  regolurtty,  the  great  author  pro- 
ctx'ds;  **  Uitherlo  wc  have  explained  the  phenomena  of 
ihe  heavens  and  of  our  sea,  by  Ihe  power  of  gravity, 
but  have' not  yet  assigned  the  cause  of  this  power.  This 
is  ceriatn,  Chat  it  must  proceed  from  a cause  that  ;>ene- 
Irates  to  (he  very  centres  of  the  sun  and  planets,  without 
suffering  the  least  diminution  of  its  force ; that  u operates, 
not  according  to  the  quantity  of  the  surfaces  of  the  par- 
ticles upon  which  it  acts  (as  mechanical  cause!  do),  but 
according  to  the  quantity  of  the  solid  matter  which  they 
contain,  and  propogules  its  virtue  on  all  sides  to  immense 
disiaiicrs,  decreasing  always  itt  the  duplicate  proporiion 
uf  the  distances.  Gruvhatioti  towards  the  sun,  is  made  up 
out  of  the  gruvitaiions  (owaids  the  several  particles  of 
which  (hi*  body  at  the  suu  is  con>|x«ed  ; and  in  ri'ceding 
from  the  sun,  decrease's  accurately  in  the  duplicate  pro- 
portion of  the  distances,  as  far  as  the  mb  of  Saturn,  as 
evidently  appears  from  the  quit'seence  of  the  apbidiuTU  of 
the  planets ; nay,  and  even  to  the  remotest  ajihclions  of 
the  comets,  if  those  aphelions  are  also  quiescent.  But  hi- 
iherto  I have  not  been  able  to  discover  the  cause  of  those 
properties  of  gravity  from  phenomena,  and  I frame  no 
hypolhese*.  For  whatever  is  not  deduced  from  the  phe- 
nomena, is  to  be  called  an  hypothesis;  and  hypotheses, 
whether  metaphysical  or  physical,  w faether  of  occult  qua- 
lities or  mechanical,  have  no  plure.  in  experimental  philo- 
sophy. In  this  pliilosopby,  particular  propositions  are  in- 
ferred from  the  phenomena,  and  afterwards  rendered  ge- 
neral by  induction.  1'husit  was  that  the  iinpeiielrabiiity, 
the  mobility,  and  the  impulsive  force  of  bodies,  and  the 
laws  of  motion  and  of  gravitation,  wire  discovered.  And 
to  us  it  is  enough,  that  gravity  dues  really  exist,  and  act 
according  to  the  laws  which  we  have  explained,  and  abun- 
dantly serves  to  account  tor  all  the  motions  uf  the  celestial 
bodies,  and  of  our  sea. 

" And  now  wc  might  add  something  concerning  n rer- 
tain  most  subtle  spirit,  which  pervades  and  lies  hid  in  ail 
gross  bodies;  by  the  force  and  action  of  which  spirit,  the 
particles  of  bodies  mutually  attract  one  another  at  near 
distances,  and  cohere,  if  contiguous,  and  electric  bodies 
operate  to  greater  distances,  as  well  repelling  as  attracting 
the  neighbouring  corpuscles;  and  light  is  emitted,  re- 
ficclcd,  refracted,  inficctid,  and  heats  bodies ; and  all  sen- 
sation is  excited,  and  the  members  of  animal  bodies  move 
at  the  command  of  the  will,  namely,  by  the  vibrations  of 
this  spirit,  mutually  propagated  along  the  solid  filament! 
of  the  nerves,  from  the  outward  organs  of  sense  to  the 
brain,  and  from  the  brain  into  thcmuscK-s.  Bui  those  are 
things  that  cannot  bt-  explained  in  few  words,  nor  are  we 
furnished  with  that  sulhciei’.cy  of  experitoi-nts  which  is 
required  to  an  accurate  dciermmation  and  demonstration 
of  the  laws  by  which  this  electric  and  clastic  spirit  ope- 
rates.” 
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NiCHK,  1 cavity,  or  hollov  part,  in  tbc  tliickneu  ot  a 
wall,  to  place  a figure  oriUlue  in. 

NICOLE  (KftANCift),  a cdi-bratcd  Ficnch  tuatUenut- 
ficmu,  waa  burn  at  Paria  December  (he  ilia 

* early  aitMibinent  to  the  matbeiiiatica  induct’d  M.  Mont' 
moi  t to  the  charge  of  hia  education  ; and  he  opi.noil 
to  him  the  way  to  the  higher  geometry.  He  firat  became 
puhlkly  remarkable  by  detecting  the  fallacy  of  a pre- 
tended quadrature  of  the  circle.  Thit  quadratun^  a M. 
Mathuion  to  aasurediy  thought  he  had  discovered,  that 
he  deposited,  in  the  bands  of  a public  notary  ut  Lyons, 
the  sum  of  5000  livrea,  to  be  paid  to  any  peivm  who,  in 
tbe  ju<lgment  of.  the  Academy  of  Sciencefi,  should  de* 
monstrati’  the  falsity  of  bis  solution.  M.  Nicole,  piquvd 
at  this  clmltenge,  undertook  (be  task,  and  exposing  tiic 
poralogivni,  the  Academy's  iudgnieiit  was,  that  Nicole 
bad  plainly  proved  that  the  rectilineal  tigun*  which  Mn- 
thulon  had  given  as  cqiigl  to  tbe  circle,  was  not  only  un- 
equal  to  It,  but  that  it  was  even  greater  than  the  polygon 
of  32  suit's  circumscribed  about  the  circle. — The  prise 
of  5000  livres,  Nicole  presealed  to  the  public  hospital  of 
Lynns. 

The  Aca^b-my  named  Nicole,  FlerroMechanician, 
March  12,  1707*  Adjunct  in  17 ifi,  Associate  in  l/ib, 
and  P(  nsioncr  in  172i;  which  he  continued  till  hit 
death,  which  happened  the  I8th  of  January  1738,  at  73 
years  of  age. 

liis  works  were  all  inserted  in  the  dificrriit  volumes  of 
ibe  Memoirs  of  the  Academy  of  Sciences;  and  aa*  a* 
follow : 

A General  Method  for  determining  the  Nature  ol' 
Curves  formed  by  the  Rolling  of  other  Curves  upon  any 
Given  Curve;  in  tbe  volume  for  the  year  1707* — 2.  A 
Gem-ml  Method  for  Rectifying  all  Roulets  upon  Right  aud 
Circular  UaH*a;  1708.— *3.  General  Method  of  determin* 
iiig  the  Nature  of  those  Curvet,  which  cut  an  Infinity  of 
other  Curves  given  in  Position,  cutting  them  always  in  a 
Coiutntit  Angle;  1713.*— 4.  Solution  of  a Problem  pro* 
pOH‘d  by  M.  de  laigny;  I7lf>.— 3.  Tn-atise  of  the  Cal* 
cuius  of  Finite  Differences;  1717.— fi.  Second  Part  of 
tbe  CidculuN  of  Finite  Difierences;  1723. -**7>  Second 
Section  of  ditto;  1723. -*8.  Addition  to  the  two  fore* 
going  papers;  1724. — <).  New  Propusiiion  in  Elementary 
Geometry;  1725.— 10.  New  Solution  of  a Problem  pr<»- 
pos4‘d  to  tbe  English  Mathematicians,  by  the  bite  M. 
Leibnila;  1723.— 11.  Metbotl  of  Summing  an  Infinity  of 

Si'ries,  which  are  not  summable  by  any  other  known 
method;  1727 »— 12.  Trealivo  of  the  Lines  of  the  l*hird 
Order,  or  the  Curves  of  the  Second  Kind;  1729.— 13*  ii*- 
aminatiun  and  Resolution  of  tome  Questions  relating  to 
Play;  1730.— *14.  Method  of  determining  the  Chancesi  at 
Play.— 13.  UbHcrvatiuns  on  (hr  Conic  Sections;  1731.— 
ifi.  Manner  uf  generating,  in  a Solid  Body,  ail  the  Lines 
of  the  Third  Order;  1731.— 17*  Maoiicr  of  delcrmining 
the  Nature  of  Roulets  formed  on  the  Convex  Surface  of  a 
Sphere;  and  of  determining  which  are  Gv'rmiHi'ic,  and 
which  are  Rectifiable;  1732.— 18.  Solution  ofa  Problem 
in  Geoimtrv ; 1732  — 19*  k'W  Series  in  resolving 

many  PrubWins  in  the  Inverse  Methcd  of  Tangents; 
1737.— 20.  Observations  on  (he  Irreducible  Case  in  Cubic 
Equations;  1738.— 2l.  Observalioiie  on  Cubic  Equu* 
tioiw;  I738.ta'-22.  On  the  Triavetion  of  an  Angle;  174tX— 

23.  On  the  Irreducible  Case  in  Cubic  Equation^;  1741.— 

24.  Addition  to  ditto;  1743.— 23.  Hii  Last  Paper  op  ific 


same;  I744._2fi.  Determinauun,  by  Inconimtnsurablea 
and  Decimals,  the  Values  of  the  Sides  and  Areas  of  the 
Scries  in  a Double  Progression  of  Regular  I'olygonH  io* 
scrilwd  in  and  circumscribed  about  a Llircle;  1747. 

NICOMEDKS,  an  ancicni  matbematician,  who  flou* 
risbed  in  (ho  2d  century  of  the  Christian  sra,  and  was 
celebrated  for  his  invention  of  the  curve  called  the  Cun* 
chnid. 

NIEUWENTVT  (Ue  a si  aud),  an  eminent  Dutch  phi- 
losopher and  mniliciiiaticiati,  was  born  on  tbe  lOlh  of 
August  l()34,  at  Westgraablyk  in  North  Holland,  where* 
bis  father  was  minister.  He  discovered  very  early  a good 
genius  and  a strong  inclination  for  learning;  which  was 
cnrefully  improved  by  a suitable  education.  Hd  had  also 
that  prudfoce  and  sagacity,  which  led  him  to  pursue  It* 
temlurc  by  sure  and  pro|K*r  steps,  acquiring  a kind  of 
mastery  in  one  science  before  he  proceeded  to  another. 
His  father  had  d<'signed  him  for  tbe  ministry;  but  seeing 
bis  inclination  did  not  lie  (hat  way.  he  prudently  left  him 
to  pursue  the  bent  of  his  geiiiua.  Accordin^y  young 
Nieuwenlyi,  apprehending  that  nothing  was  more  useful 
than  fixing  bis  imagination  and  forming  his  judgment  well, 
applied  himself  early  to  logic,  and  the  art  of  reasoning 
justly,  in  which  he  grounded  himself  on  the  principles  of 
Di'seartes,  with  whose  philosophy  he  was  greatly  delighted. 
From  thcQCe  be  proci^-ded  to  ibo  mathematics,  in  which 
be  made  a considonible  proficiency  ; though  the  applica- 
uuii  be  gave  to  that  branch  of  learning  did  not  prevent 
hiin  from  studying  both  law  aud  physic.  In  fact  be  sue* 
cci’dcd  in  all  these  scirncea  so  well,  as  den'rvcdiy  to  ac- 
quire the  character  of  a good  philosopher,  a great  mathe- 
maiicun,  aii  expert  physician,  and  an  able  and  just  ma- 
gistrate. 

Though  he  was  naturally  of  a grave  and  serious  dispo- 
sition, yet  he  was  my  nfiable  and  agreeable  in  conversa- 
tion. IIU  engaging  maniu-r  procured  tbeafiectirm  of  every 
one;  and  by  this  means  he  often  drew  over  to  his  opinion 
those  who  before  didereil  very  widely  from  him.  Thus 
accomplished,  he  acquired  a gn'at  esteem  aud  credit  in 
ibu  council  of  the  town  of  Puremcrende,  whore  ha  resided ; 
as  be  did  also  in  tbe  stales  of  that  province,  who  respected 
him  the  more,  inasmuch  as  he  never  engaged  in  oiiy 
cabals  or  factiops,  in  order  to  secure  it;  regarding  in  his 
comlucl,  un  open,  honest,  upright  behaviour,  as  the  best 
source  of  siitisliiction,  and  relying  solely  on  his  merit,  in 
fact,  he  wth  more  attentive  to  cultivate  the  sciences,  than 
eagi’r  to  ohtHiq  the  honours  of  the  government;  content- 
ing himself  with  being  counsdlor  and  burgomaster,  with* 
out  courting  or  acceptiogany  other  posts,  which  might  in* 
terfero  with  bis  studies,  and  draw  him  too  much  out  of  hit 
library .«-*Nieuwralyl  died  the  7th  of  MaCh  1730,  at  jG 
years  of  age,  having  bnm  twice  married.— He  was  author 
of  MTveral  works,  io  the  Latin,  French,  and  Dutch  Ian- 
guogit,  (be  principal  of  which  are  the  following. 

1.  A Treatise  in  Dutch,  proving  the  Existence  of  God 
by  (be  Wonders  of  Nature;  a much  esteemed  work,  which 
wont  through  many  edition».  It  was  translated  also  into 
si?vcral  languages,  os  the  French,  and  tbe  Euglish,  under 
tbe  title  of,  'Fbc  Religious  Philosopher,  fire. 

2.  A Uefutaiion  of  ispinosca,  in  the  Dutch  language.— 

3.  Analysb  lufiniiorumt  1693,  4to.— L Considvrationes 
secundm  circa  Calculi  DiflcreutialisPiiiicipia;  U)9^\  8vo. 
—In  this  work  be  attacked  Lcibniu,  and  was  answered  by 
John  UeruuaDi  and  James  Herman.— 3.  A Treatise  on 
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the  New  Use  of  the  'I'aUcs  of  Sines  and  Tangents. — 6.  A 
Letter  to  Buthtiia  or  BurnmniUiOnthe  Subject  ul  Meteon. 

NrniUGLN,  or  Niiumis  Ga**,  (the  phlog'iKiicaU’d  air 
of  VtiisUt'y»)  turms  the  utire«>punbU'  part  of  atniu^pheric 
ttir,  and  exists  ui  it  in  the  proportioa  of  7^  pcrceni,  t'sti- 
tnntth  bulk,  or  74  per  cent,  by  weight.  Sic  Aikin's 
Chemical  Dictionary,  article  Akote. 

NJGll  r,  that  patt  of  the  iiaiural  day,  during  arhicb 
the  ftUti  is  b<*fuw  the  horudn:  though  somelimts  U is  uii<* 
cicrstooU  that  <tlie  tvrili;>ht  is  ri'terred  to  the  oay,  or  the 
time  the  sun  is  above  the  horizon  ; the  renmmder  only 
being  the  night.  Under  the  equator,  the  nights  in  the 
former  sense,  arc  always  ei|unl  to  the  days  ; each  bring  1*2 
huun  long.  But  under  the  poh^s,  the  mgbl  continues  half 
ayeui. — Ihr  ancient  Gauls  and  (Germans  divided  their 
time  nut  by  days,  but  nights , as  appears  from  Ciiie&arand 
Tacitus;  also  the  Arabs  and  the  IceUnders  do  the  same. 
The  same  may  also  be  observed  of  our  Saxon  ancestors: 
whence  our  cusioni  of  saying,  seveniiight,  fortnight,  icc. 

NOCtiLLCA,  a species  of  phosphorus,  so  called  bn* 
cause  If  shines  in  the  night,  without  any  light  bi-ing 
thrown  un  it : such  is  the  phosphorus  made  of  urine.  By 
which  it  stands  distinguished  ln»m  some<«tiirr  species  of 
phosphorus,  which  require  to  be  exposed  to  the  suinbeams 
before  they  will  shine;  as  the  Buiiunian'Stonc,  dec.  .Mr. 
Boyle  has  a pariiculur  treatise  on  this  subject. 

NOCI  LUNAL  ^ich,  is  the  arch  of  a circle  described 
by  the  sun,  or  a star,  in  the  niglit.  . 

NocTUiotAL,  or  NoCTUHtABiCM,  doiiotcs  an 'iiistru* 
raent,  chu-tly  used  at  sea,  to  take  the  altitude  or  depres* 
sioii  of  the  pole-star,  and  some  other  stars  about  the  pole, 
for  boding  the  latitude,  and  tbe  hour  of  the  night. 

There  are  several  kinds  of  this  instrument;  some  of 
which  are  projections  ol  the  sphere ; such  as  the  heini- 
spbcrri,  or  planispheres,  on  the  plane  of  the  equinoctial. 
The  seamen  commonly  use  two  kinds;  the  one  adapted  to 
the  pole-star,  and  the  6rsl  of  the  guards  of  the  Little 
Bear;  tbe  other  to  the  pole-star  and  tbe  pointers  of  tbe 
Great  Bear. 

The  nocturnal  consists  of  two  circular  plates  (hg.  15, 
pi.  17)  applied  over  each  other.  The  greater,  which  has 
a handle  to  hold  the  instrument,  is  about  inches  dia- 
meter, and  is  divided  into  12  parts,  answering  to  the  12 
months;  also  each  month  subdivided  into  every  3th  day; 
and  in  such  manner,  that  the  middle  of  the  handle  cor- 
responds to  that  day  of  the  year  in  which  the  star  here 
respected  has  the  same  right  ascension  with  the  sun. 

When  the  instrument  is  fitted  for  two  stars,  the  handle 
is  made  moveivble.  I'he  upper  circle  is  divided  into  24 
equal  parts,  for  the  24  hours  of  the  day,  and  each  hour 
subdivided  inloquarters,  ax  in  the  figure.  These  24  hours 
are  denoted  by  24  teeth ; to  be  told  in  tbe  night.  In  the 
centre  of  the  two  circular  plates  is  adjusted  a long  irnlex 
A,  moveable  on  the  upper  plate.  And  the  three  pieces, 
viz,  the  two  circles  and  index,  are  joined  by  a rivet  which 
is  pierced  through  the  cemtre,  with  a hole  2 inches  in  dia- 
meter, for  the  star  to  lie  observed  through. 

To  Uh  tU  Nocturnal.  Turn  the  upper  plate  till 
the  loiigf'sl  tooth,  murkeil  12,  be  against  the  day  of  the 
month  on  the  under  plate ; and  bringing  the  instrument 
nenr  the  eye,  susp«‘nd  it  by  the  handle,  with  the  jdane 
marly  pisrallcl  to  tbe  equinoctial  ; then  viewing  the  pole- 
star  thfoiigh  the  bole  in  the  centre,  turn  the  index  ubout 
nil,  by  the  edge  coining  fiom  tbe  centre,  you  m the 


bright  star  or  guard  of  the  Little  Bi'ar,  it  the  instrument 
be  fitted  to  that  star : then  that  tooth  of  the  upper  circle, 
under  tbe  edge  of  the  index,  is  at  the  hour  of  the  night  «>is 
the  edge  of  the  hour-circle,  which  may,  be  known  without 
a light,  by  counting  the  teeth  from  ;hc  longest,  which  is- 
for  the  hour  of  12. 

NODATF.D  llyprriola,  one,  so  called  by  Newton, 
whicirby  turning  round  decu>»utis  orcrosses  itself:  as  in 
the  2d,  and  several  other  s|>ecies,ot  his  Lnuiiieialio  Lincu- 
rum  IVrtii  Ordinis. 

NOOKS,  the  two  opposite  points  wliere  the  orbit  of  a 
planet  uaeiM'Cts  tlid  ecliptic.  That,  where  the  planet 
ascends  from  tiie  south  to  the  north  side  of  the  ecliptic,  is 
called  the  ascending  node,  or  *ltc  Dragon’s  fou.l  :n  the 
moon,  and  maiked  Bius  O : and  the  oppodte  point, uhete 
the  pUm-t  iiocciids  from  the  north  to  tiic  souih  side  ol 
the  ecliptic,  is  culU-d  the  descending  nude,  or  Dragon’s 
tail  in  the  mcmii,  and  Is  thus  marked  Q.  Also  the  right 
liim  drawn  liom  the  one  nude  to  the  other,  is  called  the 
line  of  the  nodex. 

By  observation  it  appears  that,  in  all  the  planets,  the 
line  of  the  lurJes  continually  changes  its  place,  its  motion 
being  in  antecedentia ; i.  c.  conirary  to  the  order  of  the 
signs,  or  from  cast  lo  west ; with  a peculiar  degree  of  mo- 
tion for  each  planet.  Thus,  by  a retrograde  motion,  the 
line  of  tbe  muon's  nodes  completes  its  circuit  in  IK  years 
and  223  days,  in  vvliicb  time  the  node  returns  again  to  the 
same  point  of  the  ecliptic.  New  tun  has  not  only  shown,  liiat 
this  motion  arises  from  the  action  of  the  sun,  but,  from 
its  cause,  be  has  with  great  skill  calculated  all  tbe  ele- 
ments and  varieties  in  this  motion.  See  bit  Princip.  lib.  3, 
prop.  30,  31,  &C-— The  moon  must  be  in  or  near  one 
of  tbe  nodes,  to  make  nn  eclipse  cither  of  the  sun  or 
moon. 

For  a full  treatise  on  the  nodes  of  the  plants,  see  La- 
landc's  Astronumy,  in  many  articles  as  shown  by  the  ir>- 
dex  at  tbe  end  of  the  3d  volume,  and  the  result  of  the 
whole  in  vol,  2,  pn.  124,  where  he  gi'i*s  a l.vble  of  the 
nodes  of  the  several  pUiuU,  for  the  year  l/^Oi  and  their 
annual  variations,  thus ; 


Planets  ozeendmg  Soda  ta  1730. 


PlklKU. 

1 Nodr  Q in  17  so. 

AnnnnI 

drrroae. 

Mercury 

1* 

13° 

21' 

13" 

4y 

Venus 

2 

14 

2(> 

18 

31 

Mars 

1 

17 

36 

30 

39’8 

Jupiter 

3 

K 

l6 

U 

6o 

Saturn 

3 

21 

31 

17 

30 

Hcfsc  he! 

2 

n 

4‘) 

30 

Sec  also  our  article  Orbit. 

NODUS,  or  Sodt,  in  Dialling,  denotes  a point  or  hole 
in  the  giiumon  of.  a dial,  by  tbe  shadow  or  light  of  which 
is  shown,  either  the  hour  of  the  day  in  dials  witiiout  fur- 
niture, or  the  parallels  of  the  sun’s  declination,  and  his 
place  in  tbe  ecliptic,  &c,  in  dials  wiih  furniture. 

NOl.LKT  (Me  John  Animonv),  a considera- 
ble French  philosopher,  and  c member  i^f  must  of  ibe  phi- 
losophical wicielies  and  acadeniies  of  Ivnrope,  wav  born  at 
Piinpre,  in  the  dislsicl  of  Noyoni  the  Ij^ih  of  NovvinlxT 
170(X  From  the  profoumi  reircal,  in  \vhu4  the  mcifio- 
cniy  of  his  fortune  oGliged  liinr  to  live,  ins  reputation 
continually  increased  from  day  lo  day.  .M.  Dufay  a>io- 
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ciatcJ  bim  in  bis  Elcctricti  ItcM-arcbcs*;  and  M.  de  Hcau* 
roar  resigned  lu  him  hia  laboratory.  It  was  under  these 
inubUrs  that  he  dwi-toped  bis  talents.  M-  Dut'ny  took 
Kjin  along  with  him  in  a journey  be  made  into  Kngiund  ; 
and  Nuilct  pn  5ted  st>  well  of  this  upiK>rtumty,  as  to  in- 
stitute a friendly  und  literary  currcs}>ondence  with  yjmc 
ui  the  most  celebrated  men  in  this  cnimry. 

The  kmg  of  Saidima  gave  him  an  invitation  to  Turin, 
lu  pertorm  a course  of  exjierimental  philosophy  to  the 
duke  of  Hnv'oy.  I roro  thenco  be  travelled  into  Italy, 
wliere  lie  CullecU  rt  9<irue  good  observatimis  concerning  the 
natural  history  of  the  country. 

lit  i'mnce  he  was  master  of  philosophy  and  natural 
history  to  the  royal  family  ; and  prohscur-rovul  of  cx|h> 
rnuenlal  pbilosopit)'  to  the  college  of  Navurre,  and  to  the 
schools  of  artillery  and  ehginceis.  'ihe  Academy  of 
Scieocvs  appointed  him  adjuncMiiechanician  in 
st<iatc  in  1743,  and  ]>ensitmer  in  1757.  Nollet  died  the 
34th  of  .April  1770,  regretted  by  all  his  friends,  bfu  espe- 
cially by  his  relations,  whom  he  always  succourt'd  with 
ail  uffcciiuimle  attention.  I'be  works  pubhsbcd  by  Nol- 
le!, arx-  the  following ; 

I.  lUcueiU  de  l^*itres  ^ur  I’Electricite  ; 1753,  3 vols 
in  iCnto.—- 3.  Kvsai  sur  rElectricite  des  Corps;  1 vul.  in 
— 3.  Rechcrches  sur  les  Causes  psTVlicuIicrcs  dcs 
Phcnoiucncs  Klrclnques;  1 \ul.  in  I3mo. — 4.  L'Ari  des 
Expfjieiicrs } 177th  3 vels  in  13mo. 

Ills  pajK'rs  prmted  in  the  ditferent  volumes  of  the  Me- 
moirs of  the  Academy  of  bcienccs,  arc  rouch^oo  nume- 
rous to  be  particularised  here;  they  arc  inserted  in  all  or 
most  of  liie  volumes  from  the  year  1740  to  the  year  1767 
inclusive,  and  generally  several  papers  in  each  volume. 

NONAGKSIMAL,  or  Nonagks,im^l  Dtgrcc,  called 
also  the  mui-heaven,  is  the  highest  fMiiiit,  or  yoili  degree 
of  the  ecliptic,  reckoned  from  its  intersection  with  the 
horiiion  at  any  time  ; and  its  altitude  is  equal  to  the  angle 
that  the  ecliptic  nukes  with  the  horizon  at  their  iniersv'C- 
tion,  or  equal  to  the  di'^tance  of  the  zenith  from  the  pole 
of  the  ecliptic.  It  is  much  used  in  the  calculation  of 
Solar  eclipses. 

KUNAGON,  a iigure  having  nine  sides  and  angles. 
—In  a regular  nonagoii,  or  that  wboM.*  ungtes,  and  sides, 
arc  hH  equal,  if  each  sid«  be  1,  its  area  will  be  6*11)18243 

J of  the  tangent  of  70®,  to  the  radius  1.  See  my  Men- 
suration, pa.  85,  4th  edit. 

NONES,  in  the  Roman  Calendar,  the  5th  day  of  the 
months  January,  Febiuary,  April,  June,  August,  Septem- 
ber, November,  and  December;  and  the  7lh  of  the  other 
months  March,  May,  July,  and  October:  these  last  four 
niontiiB  having  6 days  befurt’  tliu  nones,  and  the  others 
only  four. — They  had  this  name  probably,  because  they 
were  always  J)  days  inclusively,  from  the  tirsl  of  the  nones 
to  the  ides,  ).  e.  nckomng  incluuvdy  both  those  days. 

NONIUS,  or  Nunez  (Pethk),  an  eminent  Portu- 
guese malhematician  ami  physician,  was  bom  in  14.97,  at 
Alcazar  in  Portugal,  anciently  u rt*ouirkaule  city,  known 
by  the  name  of  Salacia,  whence  he  was  surnauied  Sila- 
ciensis.  He  was  professor  of  maiheniatio  in  tlie  univer- 
sity ot  Coimbra,  whete  he  puldivhed  some  piecia  which 
procured  him  great  reputation,  ilo  wa<^  mathematical 
preceptor  to  Don  /ietiry,  son  to  king  K.nuuiuel  of  Portu- 
gal, ami  principal  cotiiiograpber  to  the  knig.  Noiiibs 
was  vt-ry  serviceable  to  the  dcsigas  winch  this  court  eiUer- 
laificd,  of  carrying  on  their  maritime  expeditions  into  the 
East,  by  the  publicaUoQ  of  his  book  On  the  Art  of  Navi- 
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ptiun,  and  various  other  works.  He  died  in  1577,  at  80 
years  of  age.  * 

Nonius  was  the  author  of  several  ingenious  works  and 
inventions,  and  wa:,  justly  esteemed  one  of  the  most  emi- 
nent ma'.hematicjans  of  his  age.  Concerning  his  Ait  of 
Navigation,  father  DechaU's  >ays,  “ In  the  year  1530, 
Peter  Nonius,  a CeUbrated  Portuguese  mathematician, 
on  occasion  of  some  doubts  prr'poscd  to  him  by  Martinus 
Alphurisus  Sofa,  wrote  a I'reaiise  on  Naviiialton,  divided 
into  two  books;  in  the  Hist,  he  answers  some  of  tboM 
doubts,  and  explains  the  nature  of  loxudromic  lines.  In 
the  second  book,  he  treats  of  rules  and  instruiuents  proper 
for  iMvigalion,  particularly  sea-charts,  and  instruments 
Bi-rving  to  Hnd  thp  rievatiun  of  the  pale;  but  says  be  is 
rather  obscure  in  his  manner  of  writing.’  — Purciim*,  in 
his  Dictionary,  takes  notice  that  Peter  Nonius  was  the 
Hrst  who,  m 1330,  invented  the  angUs  which  the  loxo- 
drumic  curves  make  with  each  meridian,  calling  them  in 
his  language  Rhumbs,  and  which  he  calculated  by  .'•pheri- 
cal  triangles,  ^levinus  acknowledges,  that  Peter  N>mius 
was  scarce  inferior  to  the  very  best  raathcmaticiam  of  the 
age.  And  Schultus  says,  he  explained  a great  tiiauy  pro- 
blems, and  |>arlicular)y  the  roecbumcal  problem  or  Ari- 
stotle on  the  motion  of  vissels  by  oars.  Ills  Notes  upon 
Purbach's  Theory  of  the  Planets,  are  very  much  to  be  es- 
teemed : he  there  explains  Several  things,  which  had  either 
nut  bt*en  uotrced  belore,  or  nut  rightly  understood.. 

In  1542,  he  ptiblinhed  aTrealiseon  the  Twilight,  which 
he  dedicated  to  John  the  3d,  king  of  Portugal ; to  w hich 
be  added  what  Alharen,  an  Arabian  author,  baa  composed 
on  the  same  subject.  In  this  work  be  describes  the  rafr* 
thod  or  instrument  called,  from  him,  a Nonius ; a particu- 
lar acr^JUHt  of  which  sec  in  the  following  article. — lie  cor- 
rected several  mathematical  mistakes  of  Orontius  I ii>a.*us. 
—Rut  the  most  ceJebraud  of  all  Ids  works,  or  that  at 
least  be  appeared  must  to  value,  was  bis  Treatise  of  Alge- 
bra, which  he  had  Composed  in  Poftugues**,  but  lraiiblatc*d 
it  into  the  Casuliun  tongue,  when' be  resolved  to  make  it 
public,  which  be  thought  would  render  his  book  more 
useful,  as  ibis  language  was  mure  generally  known  than 
the  Portuguese.  The  dedication,  to  his  former  pupil, 
prince  Henry,  was  dated  from  Lisbon,  Dec.  1,  1564. 
This  work  contains  341  leaves,  or  682  pagex,  in  the  Ant- 
werp edition  of  1567,  in  8vo;  the  folios  being  iiurobeied 
only  on  one  side. 

*riie  catalogue  of  his  works,  chiefly  in  Latin,  is  this : 

1.  De  Ane  Navigaiidi,libri  duo;  1530.— 2.  Dc  Crepus- 
culis;  1542. — 3.  AnnoUtioms  in  Aristotelem.— 4.  Pn>- 
blcma  Mechanicum  de  Molu  Naiigii  cx  Renirs.— 5-  Amic- 
tationesiu  PMnetarum  Tbeorias  Gcorgii  Putbaebii,  &;c.— 
6.  Libro  de  Algebra  en  Anthiiutica  y Geometra;  1504. 

All  llii-se  pieces,  the  Algebra  excepted,  were  collected 
and  published,  in  a folio  volume,  at  Uasil,  in  1500. 

Nonius,  is  a name  also  erroneously  given  to  the  me- 
thod of  graduation  now  getiiTally  used  in  the  divivitin  of 
the  scalM  of  various  instruments,  and  which  should  be 
cutieci  Vernier,  from  its  real  inventor.  The  method  of 
Nonius,  so  called  from  its  inventor  Pedro  Nnin-Z,  or 
Nonius,  and  described  in  bis  treatise  De  Crepuscnlis, 
punted  at  Lisbon  in  1542.  ci»iw>ls  in  describing  within 
the  same  quadrant,  45  Concentric  circles,  dividing  ihe 
outermost  into  90  i qual  parts,  the  next  within  into  Sy, 
the  next  mlo  88,  and  so  on,  till  the  inrvermosl  was  divided 
intb  46  only.  By  this  mca:^s,  in  most  oUervivtionB, 
the  plutnU-liiie  or  index  must  cross  one  or  other  of  those 
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circlcR  m or  very  »o«r  n of  division  : iTh<?r»ce,  by 
calciilfttK  n,  tin*  tleg^Ts  nnd  minutcii  of  iho  arcb  iniuht 
family  be  obtained.  Ibis  nielhwl  is  atwJ  dei»cribcd  by 
Nunez,  in  his  irralise  O'-  Aric  et  Uitiitme  Navigandi, 
lib.  2.  cap.  6,  tvlierc  be  imagini-s  u was  not  unknown 
to  Ptoirmy.  But  as  the  degri\*»  arc  thus  divided  un- 
equally, and  it  is  very  diilicult  to  attain  exactness  in  the 
division,  especially  when  the  numbers,  into  which  the 
arches  are  to  l>c  divided,  arc  inc«nn|Misiie,  of  which  there 
an?  no  less  than  nine,  the  meHiod  of  diagonals  first  pub- 
lished by  Thomas  Digges,  Esq.  in  his  treatise  .Alas  scu 
Scalx  Mathematics,  printed  at  lx>iuL  in  I37*%  and  said 
40  be  invented  by  one  Rtchar<l  ChanseUT,  a very  skillul 
artist,  was  substituted  in  its  stead.  Kowever,  Nonius's 
method  was  Improved  at  different  times  ; btil  the  commo- 
dious division  now  so  much  in  use,  is  the  most  considera- 
ble improvement  of  it.  See  Veknu.r  ; also  Kobertson’s 
Navigat.  Pref.  p,  iv  ; or  Uobins's  Tracts,  v.  2,  p.  265,  for 
a curious  history  of  many  other  such  contrivanci*s. 

NORMAL,  is  used  sometimes  fora  |>crpcndicular. 

NORl'M  Stftr,  called  also  the  Pole-star,  U the  last  in 
the  tail  of  the  Little  Bear. 

Northern  Higfts,  an*  those  six  that  arc  on  the  north 
side  of  the  equator  ; viz.  Aries,  'I'aurus,  Gemini,  Cancer, 
Leo,  Vii^o. 

NORTHING,  in  Navigation,  it  the  diff-rence  of  lati- 
tude, which  a ship  makes  in  sailing  northwards. 

NORWOOD  CRiciiard^.  a re»|>cct:»hle  teacher  of  ma- 
thematics, in  Ivmdtm,  especially  navigatiuii,  in  which  it 
seems  he  bad  some  practice.  He  published  several  useful 
books;  us,  1.  The  Epitome  uifd  Doctrincof  Trianglefv,  l6’73, 
in  Svo ; 2.  Trigonometry,  10'A5«  in  ; 3.  The  bcainan's 
Practice,  lb*97»  in  4to;  where  we  find  that  for  which  he 
has  been  chiedy  nuied,  viz.  hii  dcterniinaiion  of  the  mag- 
nitude of  the  earth,  and  the  degrees  of  the  meridian,  by 
means  of  the  distance  measured  between  London  and 
York,  in  the  year  1635.  This  measurement  at  so  early 
a date,  was  ingeniously  devised,  and  simply  executed, 
reflecting  on  the  author  considerable  credit,  whose  means 
and  convenience  for  the  performance  were  small  and 
humble.  The  deviation  from  an  accurate  result  is  how- 
ever not  so  considerable  as  might  be  expected  from  Ibe 
rude  manner  of  hit  measuring  with  a chain,  along  the 
high  road  in  all  directions,  to  llio  right  and  left,  as  well 
as  up  and  down  hills,  and  sometimes  only  by  pacing  nr 
stepping  the  distances.  It  seems  however  he  did  nut 
maJve  a sufficient  Hlluwance  for  those  figzng  directions 
and  estimations,  as  his  conclusion  gives  the  mean  length 
of  a degree  of  lutittide  too  great  by  almost  half  a mile, 
viz,  69rV  ^ degree,  instead  of  69tt«  " deduced 

from  later  and  more  accurate  measurements. 

Mr.  N.  had  also  an  ingenious  paper  on  the  Tides,  on 
Wells,  on  Salt  and  Fn-sh  Water,  and  on  Whale-fishing, 
inserted  in  the  PhiluS-  Trans,  an.  l667»  oriu  my  Abridge- 
ment, Tol.  1,  pa.  206. 

NOSTRADAMUS  (MiCHEi.)i  an  able  physician  and 
jcclcbratcd  astrologer,  was  born  nt  St.  Hemy  in  Provence, 
in  the  djucese  of  Avignon,  December  14,  1503-  His 
father  was  a notary-public,  and  his  grandfather  a physi- 
cian, from  whom  hercrtived  some  tiiicUire'of  the  mathe- 
matics. He  afterwards  completed  his  courses  of  languages 
and  philosophy  at  Avignon.  Hence,  going  to  Montpelier, 
be  applied  bimsdf  to  physic;  but  bring  forced  away  by 
the  plague,  Ilf  travelled  through  different  places  till' be 
came  to  Bourdeaux,  undertaking  all  such  patients  as  were 


willing  to  put  themselves  under  his  care.  This  eonrse 
occupied  him  five  years;  after  which  he  returned  to  Mont- 
pelier,  and  was  creatinl  doctor  of  his  faculty  in  1529; 
after  which  he  revisited  the  same  plactm  when*  lie  hod 
practised  physic  beforf.  At  Agcn  he  lorined  an  ac<;uaim- 
ance  with  Julius  Ctesar  Scaliger;  but  quitted  it  uiii-r  a 
residence  of  about  4 years.  He  next  seulcii  at  .Mmsiilles, 
but  repuircti  to  Salon  about  the  year  1514. 

Ill  1546,  Aix  bring  utHicH'd  with  ihi-  plague,  he  went 
thither  at  the  solicitation  nf  the  inhabiUint>,  to  whom  he 
n*ndered  great  service,  particularly  by  a powder  of  his 
own  invf niton*:  so  thui  the  town,  in  gr.itirudr,  gave  him 
a con^idemble  pension  lor  several  years  uUrr  the  conta- 
gion ceased.  1(1  1547  tin-  city  of  Lyons,  being  vLiii>d 
with  the  same  dtsterQp  r,  b.-id  recourse  to  our  phyMcian, 
who  attended  ibeni  also.  Afterwards  returning  tu  Salon, 
he  began  a more  retired  course  of  life,  and  in  this  time  of 
teisare  applied  himwlf  closely  to  bis  stutlies.  He  had  for 
a lungTimo  followed  the  trade  of  a conjurer  occasj.>naliy ; 
and  now  he  bi'gan  to  fancy  himM’lf  inspired,  and  miracu- 
lously illuminated  with  a provpcct  into  futuriry.  As  fast 
as  these  illuminations  had  discovered  to  him  any  future 
event,  be  entered  it  in  writing,  in  •implc  prose,  though  m 
rnigmatical  seiiteitci-s : but  revising  them  aiturwartis,  he 
thought  the  sfm^nces  would  ap;M»r  more  nspectable,  and 
savour  more  of  a.prr-ptotic  ‘pint,  if  tiny  were  expressed 
in  verse.  This  opinion  determiried  him  to  throw  |lu*m  all 
into  quatrains  and  la*  afterward  ranged  them  into  centu- 
ries. For  Slime  time  h«  cr.uld  not  vimture  to  publish  a 
work  of  this  nature ; but  atlerwards  perceiving  that  the 
time  of  many  events  forelolU  in  fais  quatrains  was  very  near 
at  hand,  be  resolved  to  print  them,  as  hr  did,  with  a de- 
dication addrv'sst^  to  his  son  Ca^r,  an  infant  only  sumo 
months  old,  and  dated  March  1,  1555.  To  ibis  first 
edition,  which  comprised  but  7 centurifs,  be  prefixed  hj| 
name  in  Latin,  but  gave  to  his  son  Cmar  the  name  as  it 
is  pronounced  in  Fn  nch,  Notradair.e. 

The  public  were  divided  in  their  sentiments  of  this 
work:  many  considered  the  author  asa  simple  visionary  ; 
by  others  Jie  was  accused  of  magic  or  the  black  art,  and 
treated  as  an  impious  pcm>n,  who  held  a commerce  with 
the  devil ; while  great  numbers  believe<l  him  to  be  ri*al]y 
endued  with  the  supernatural  gift  of  prophecy.  How- 
ever, Henry  the  2d,  and  qui'cn  Catharine  of  .Medicis,  his 
mother,  were  rtamlvcd  to  sec  our  prophet,  wlio  receiving 
orders  to  lh$t  effect,  ho  pr(*scnily  rt*paircd«to  Paris;  where 
be  WHS  very  graciously  received  at  court,  and  received  a 
present  of  200  crowns.  He  was  sent  afterwards  to  Blois, 
to  visit  the  king's  children  there,  and  report  what  he 
should  bo  able  to  discover  concerning  their  deslinirs.  It 
h not  known  what  his  prediction  was;  however  ho  re- 
turned to  Salon  loaded  with  honour,  end  good  presents. 

Animated  with  this  success,  he  augmented  his  work  to 
the  number  of  1000  quatrains,  and  published  it  with  a 
dedication  to  the  king  in  1558.  That  prince  dying  the 
next  year  of  a wound  which  he  received  at  a tournament, 
our  prophet's  book  was  iromidiatoly  consulted  ; and  this 
unfortunate  event  was  found  in  the  35lh  quatrain  of  tho 
firvt  century,  which  runs  thus  in  the  London  edition  of 
1672: 

Lo  Lion  jcunc  le  vieux  iiirmontera. 

* Kn  cliatnp  Udlique,  par  singulier  dui-lle, 

Dans  cage  d or  rail  il  lui  crevera, 

Deux  { layes  unc,  puis  mourir  mort  cruelle. 

In  English  thus,  from  the  same  edition : 


NOT 


c 


NOT 


The  young  Lion  iball  overcome  die  old  one, 

In  (DiiriiAl  Hclii  by  • single  duel, 

In  a golden  cage  Itv  >hall  put  out  hit  eye, 

wounds  from  on<',  then  he  tball  die  a cruel  death. 
So  reraaikhble  a prediction  added  new  wingt  to  his 
fame;  and  be  was  honoured  soon  after  with  a visit  from 
Ktnanuel  duke  of  Savoy,  and  the  princess  Margaret  of 
France,  bit  coi.sort.  From  tbit  lime  NoslmUamus  lound 
hiiiitelf  even  overhuithencd  with  visitors,  and  his  fume 
mude  every  day  new  acquisitions.  Charles  the  j^lh,  coming 
to  Salon,  was  eager  above  all  things  to  have  a sight  of  him  : 
Nostraduiiius,  who  then  was  in  wailing  as  one  of  ibc  re- 
tinue of  the  magistraU's,  being  instantly  pioi'nted  to  the 
king,  complained  of  the  little  esteeiD  his  countrymen  bad 
fur  him  ; u^M>n  vvhich  the  monarch  publicly  declared  that 
he  should  hold  the  enemit's  of  Nostradamus  to  be  his  ene- 
mies, and  desired  to  set*  his  children.  Nor  did  that  prince's 
tiivour  stop  here  ; in  passing,  not  lung  aiter,  through  the 
city  of  Aries,  be  sent  for  Nostradamus,  and  presented  him 
with  a purse  of  200  crowns,  together  with  a brevet,  con- 
stituting him  bu  physician  in  ordinary,  with  ihe  same  ap- 

fioinlment  as  the  rest.  But  our  prophet  enjoyi'd  these 
lonours  only  a short  time,  as  be  died  Ih*  mouths  after, 
VIZ,  July  2,  1366,  at  Salon,  bring  then  in  bis  grand  cli- 
muctetic,  or63dvear. — lie  hud  published  several  other 
pieces,  t'hii'Hy  n laling  to  meiiictnc. 

Hr  lelt  three  sons  and  three  diiughteri.  Cssar  the 
eid^-st  son  was  burn  at  Salon  in  13j5,  and  died  in  l629: 
he  left  u manuscript,- giving  an  account  of  the  most  re- 
markable vu'iils  in  llm  hisloiy  of  Piovencr,  from  1080  to 
149V,  in  which  he  inserted  the  lives  of  the  poets  of  that 
country.  Tliese  memoirs  fulling  into  the  bands  of  his 
nephew  Cwsar  Nostradamus,  gentleman  to  the  duke  of 
Guise,  he  undertook  to  complete  the  work,  and  being  en- 
couraged by  the  estates  of  the  country,  he  carried  the  ac- 
count up  to  the  Celtic  Gauls : the  impression  was  hnishrd 
at  Lyons  in  l6li,  and  published  under  the  title  of  Chro- 
nique  de  I’Histnire  de  Provence. — '!*hc  second  son,  J»»bn, 
exercised  with  reputation  the  business  of  a proctor  in  the 
parliumeut  of  Provence. — lie  wrote  the  Lives  of  the  An- 
cient Pruvenfu)  Poets,  called  I'roubiidours,  and  the  work 
was  printed  at  Lyons  In  1575,  8vo.— The  youngest  son  it 
is  said  undertook  the  tmde  of  peeping  into  futurity  like  his 
inth'er. 

NOi’Al'iON,  is  the  representing  of  any  given  number 
by  roenns  of  certain  signihcunt  characters,  or  numerical 
symbols;  and  thus  stands  in  contrudistiiiciion  to  Nume- 
ration, which  is  the  wording  or  expressing'  in  words  any 
number  represented  by  those  symbols. 

It  is  highly  probable,  that  in  the  early  stages  of  society, 
every  distinct  number  bad  a pt-culiur  characteristic  reprc< 
senutive,  which  must  however  have  led  to  great  difficulty 
and  embarrassment,  on  account  of  the  number  of  ditferent 
characters  with  which  the  memory  must  have  been  in- 
cumbered  ; ut  the  same  time  it  must  alsa  have  been  very 
liimtrd  in  its  application.  Theit'fore,  as  soon  as  the  stale 
of  society  requireti  the  use  of  great  numbers,  which  roust 
have  imniediaiely  followed  the  introduction  of  commerce, 
it  became  necessary  to  have  a more  concise  nolatiun ; and 
the  most  proper  method  of  accomplishing  this,  was  that  of 
givine  to  each  symbol  a local  as  well  as  a simple  value. 
I'his  however  was  a refinement  that  could  hardly  be  ex- 
pected in  the  first  rude  efforu  of  the  human  mind;  and 
probably  there  arc  now  uu  tnseca  left  of  the  first  attempt 
uf  this  kind.. 
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We  kuow  now  ofonly  three  ditferent  modes  of  nuCaiion, 
namely;  the Komaii, theGrecian.and thelndiati ; thelatlcr 
uf  which  b the  only  one  at  present  in  use,  at  least  in  arilh- 
nu-tical  calculations:  but  vach  of  these  agree  in  one  ma- 
terial point,  wliK^h  IS  that  of  dividing  all  nuinbcrs  into 
periods  of  (eijs,  a custom  almost  niiisersally  adopted  by 
all  natrons;  and  as  this  is  not  the  best  number  that  might 
have  Ueii  ciiiptoyed  lor  loriuing  the  radix  of  a system  of 
Hrithmetic,  we  must  look  to  some  general  physical  cause, 
fi>r  (bis  singular  cuiiicideiice  of  ditlereni  {n-oj>U*,  itiany  of 
whom  had  probably  no  coinrmmicalion  viiih  each  other. 

MaihciBauciaus,  so  far  back  as  the  time  of  Aristotle, 
have  noticed  this  singuUrity ; and  have  endeavoured  to 
account  fur  it  from  different  priocqdes  : it  had,  however, 
no  doubt,  its  origin  in  (he  natural  formaiioo  of  man. 
Kvery  one  in  the  inloncy  of  bis  reason  makes  the  first 
efforts  of  calculatiun  on  bis  fingers,  which  biiug  un  in 
number,  evidently  led  to  the  sepaiatino  of  quanuties  ot 
all  kinds  into  periods  uf  lens.  For  after  having  counud 
to  this  number,  they  were  utsder  the  necessity  of  b<ginmug 
again,  and  cominilting  to  their  memory  that  they  hud 
already  counted  one  period  of  leu:  having  then  cooplcled 
a second,  third,  5(c,  period,  they  still  continued  to  count 
in  the  same  manner,  and  still  employed  their  fingers,  as 
the  pruper  iusitumrnts  for  assisting  the  memory  in  re- 
taiiimg  Ihe  number  of  ihuse  {icriods,  as  well  as  for  slill 
pursuing  ihi  ir  calculations : this  therefore  necessarily 
led  to  the  second  principal  separation  of  Dumber  into 
hundreds ; and  s«i  un  fur  tlmusaods,  tens  uf  l^ussnds. 

Hence  it  appears,  (hat  the  idea  of  our  present  scale  of 
notation  had,  in  reality,  its  foutulatioii  in  the  structure  of 
the  human  frame  : but  to  what  mitiuti  we  are  indebted 
f«»r  the  method  of  expressing  numbers  by  means  of  ten 
simple  characters, , by  giving  to  each  a local,  as  well  uS  a 
primitive  value,  is  unknown  ; it  is  however  pietiy  evident 
that  it  is  only  an  improvement  on  the  first  rude  attempts 
at  numbering,  abovc-mcniioned. 

The  honour  of  this  invention  has  been  ascribed  to  dif- 
ferent naiions ; some  have  attributed  it  to  the  Greeks, 
others  to  the  Arabs,  the  Chaldeans,  Indians,  &c. 

The  first  traces  of  it  however,  that  have  been  disco- 
vered, are  among  the  Arabs,  who  tbemvlves  attribute 
it  to  the  Indians;  but  whether  it  had  its  origin  with  ihosu 
people,  or  they  derived  it  from  any  other  nation,  is  a very 
doubtful  quv*vtioD,  which  will  perhaps  ever  remain  unde- 
cided. 

Montucia,  in  his  Histoire  des  Mathematiques,  book  2, 
vol.  1,  has  entered  minutely  into  the  subject,  and  has 
shown  in  the  most  unequivocal  manner,  not  only  that  the 
Indians  were  in  possession  of  this  art  before  it  was  known 
to  the  Arabs,  but  also  that  the  characleis  employed  by 
them  2000  years  back,  did  not  very  materially  differ 
from  (hose  in  present  uve;  and  it  is  to  this  work  we 
are  indebted  for  the  specimen  of  (be  ancient  and  mo- 
dern chametors  that  we  have  given  in  plate  23,  the  last 
line  of  which  is  Al-Sephadi*s  expression  for  the  number 
184467 4407973709515615  ; and  each  of  the  other  lint-s 
stands  opposite  the  name  of  the  author,  or  the  nation, 
by  whom  they  have  been  employed.  From  these  speci- 
mens it  will  be  readily  perceived  how  obr  modern  sym- 
bols have  been  derived,  with  some  slight  mudifications, 
from  those  of  the  mmt  ancient  date. 

It  has  been  before  observed,  that  altnust  all  nations 
have  adopted,  as  it  were  by  common  consent,  the  decimal 
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•calc*  of  notation:  this  is  not  howcrer  without  some  ex- 
ceptions. The  ancient  Chinese  are  saiil  to  have  employed 
the  binary  scale  (see  Binary),  and  a nation  of  Thrace, 
mcntioricd  by  Aristotle,  used  the  quaternary  scale,  count-^ 
ins;  by.poriotJs  of  fours;  and  another  people  bordering  «u 
Scftt'gal,  make  all  their  calculations  by  periods  of  lives, 
which  they  designate  as  follows;  one,  two,  three,  four, 
five,  they  call  6en,  niard^  niei,  ^yanei^  pviron ; and  six, 
aeven,  eight,  nine,  by  ^drtm  ben,  gviron  niard,  gvirm 
niet,6ic.  and  ten  by  foiupie,  and  probably  eleven  by/ou(juc 
ben. 

But  these  exceptions  to  the  general  mode  of  notation 
are  very  inconsiderable,  and  none  of  thosA*  scah^s  that  we 
have  mentioned  are  by  any  moans  so  ivcil  adapted  to  arith- 
metical purposes  as  our  own;  but  lhi»  it  must  be  acknow- 
ledged IB  inferior  in  many  re»pects  to  the  duodenary 
scale ; which,  by  the  addition  of  two  extra  charnciers, 
would  perform  aTl  arithmetical  o)M'rutions  with  greater 
ease  and  expsxlition;  and  with  resp^'Ct  to  decimal,  or 
duodecimals,  as  they  would  be  m that  case,  we  should 
have  a grt'ut  many  more  finite  expressions  than  we  have 
at  present.  In  the  decimal  scale,  if  sso  consider  only  the 
reciprocals  of  all  numbers  under  20,  we  find  only  the  six 
following  that  give  finite  decimals: 

4 =*5;  i = -25;  | = *2;  4 =*125;  to  = M y*  =* 
*0625  ; hut  in  the  duodenary  scale,  wc  have  nine  finite  ex- 
pressions with  the  same  nunilK'rs,  which  arc  as  follows ; 

i = -6;  > = -4;  i = -3;  i = 2;  i = I6; 

i =»  i+s  tV=-i;  A = -"9;  V,  = -«8- 

Hence  it  is  evident  that,  with  (his  scale  of  notation,  we 
should  have  more  finite  fractional  numbers  than  in  our 


common  arithmetic;  and  boide  lhi«  convenience,  all  ope- 
rations would  be  more  readily  perfurineii,  and  larger 
nuiubers  would  be  expressed  with  fewer  digits.  SStill  how- 
ever the  advantages  of  this  system  are  not  such  as  can 
lead  us  to  expect,  or  even  to  wish,  that  it  should  ever  be 
substituted  for  that,  which  long  established  practice  has 
rendered  so  hsmiliar  to  all  our  ideas  of  numbers. 

Notation  of  rAe  Greeks.  The  Grecian  notation, 
though  it  approached  in  many  respects  very  m-ar  to 
that  of  the  moderns,  still  it  wanted  one  principal  and 
dtstinguiibing  leaiure  of  the  present  improved  system, 
which  is  that  of  giving  to  every  character,  a local  as  well 
as  a simple  value,  fur  want  of  which  they  were  under  the 
necessity  of  employing  a great  number  of  characters,  which 
were  chiefly  derived  fiom  the  letters  of  their  alphabet. 
Insttmd  of  the  figures  1,  2,  3,  b,  5-  fi,  7»  .9» 

TheGreeksmadcusc)  a * » n t 

ul  these  letters  C* 


And  instead  of 

10,  20, 

30,  40,  50,  Go,  70, 

30,  po, 

They  employed  the”) 
characters  - j 

■ b X, 

fi,  >■.  £.  «. 

w,  h. 

For  expressing  the] 
hundreds  they  had  j 

1 

; f. 

T,  V,  9,  <1’, 

w,  3)» 

Andforihe  thousands  ^ 

1 

y,  >.  t. 

f $ 0 t 1 

n.  fi. 

thi7  employed  ' - j 

[ ' ' 

That  is,  they  had  recourv*  to  the  characters  of  the 
simple  units,  but  instead  of  giving  to  them  a local  value, 
as  wc  do,  and  in  which  consists  (he  siiprn'oHty  of  (he 
modern  method,  they  distinguished  them  by  means  of  a 
im.ill  dash  pl.nced  at  the  bottom  of  the  letters.  And 
hence  wc  see  (hat  (he  Creeks  could  express  with  ib’.'se 
characters  any  number  under  10,000;  thus, 


9999  they  rq>i.»cn(ed  by 

pvi 

7382 

by 

8036 

by 

jK 

6420 

by 

Kvk 

0 

4001 

by 

Ax 

0 

3000 

by 

r 

10000  was  sometimes  expressed  by  placing  a small  dash 
over  the  iota  ; thus,  i;  but  matbenraticians,  in  their  cul- 
culations,  ^‘iierally  employed  fur  this  purpose  the  com- 
pound character  ^ ; snd  any  number  of  times  this  pe- 
riod. by  placing  the  letter  m under  the  cimracicrs  ex- 
preying  the  number  of  periods  that  they  wished  to  indi- 
cate; thus, 


10000  was 

repre«mfd 

by 

X 

M 

20O(K) 

- 

by 

$ 

N 

30000 

- - 

by 

7 

M 

100000 

• 

by 

( 

M 

800000 

- 

by 

X 

M 

972000 

- - 

by 

5s3 

M 

So  that  placing  the  letter  >t  under  any  given  number  had 
the  same  cfli'Ct  as  our  annexing  four  ciphers. 

Diophantus  and  Pappus  deviated  a little  in  this  respect 
frt)m  their  prcdeceshurs,  by  making  mv  the  characteristic 
of  lOOOO,  and  then  distinguishing  any  numbiT  of  those 
periudB  by  prefixing  the  number  tu  this  character;  thus, 
the  foregoing  numbt-rs.  according  to  these  authors,  were 
represented  by  asiu,  jSstv,  yMw,  iMy,  srjfi,  &C.. 

Ami  wbere«mailer  numbers  were  mixed  with  those  larger 
periods,  they  were  annexed  to  the  turrgoing  characters ; 
hence,  • 

1719999  wriutn  a5ai|y^3^5 

43728097  - 

/ f 

Thus  resemblirig  what  we  make  use  of  at  this  day  for  ex- 
pressing compound  numbers,  as  7ftf^*n  7pls. 

The  same  authors  al»o  sumetimes  employed  a still  more 
simple  mciii«Kl,  which  was  by  omitting  (be  character  mv, 
and  only  separating  the  two  sets  o(  symbols  by  a point. 

Thus 99999999 93V9.H3VJ,  which  was  tbu 

larges!  nurol>rr  that  ibe Cm ks could  express;  ami  there- 
fore, when  ihcy  warned  tu  make  use  of  larger  numbers 
than  this,  they  were  under  the  necessity  of  assuming  a 
larger  unit ; several  e.xamplcs  of  which  arc  tu  be  met  with 
in  the  ancient  Greek  authors. 

Apollonius  nt  length  conceived  the  idea  of  dividing  all 
numbers  into  peri(»ds  of  four  characters,  the  first  of  which 
represented  units,  the  second  the  number  of  10000,  iho 
third  the  square  c>f  lOOOOV,  ^c.  ’Phis  was  a great  step 
towards  our  present  sy-u  in,  fur  here  was  evidently  a local 
value  given'to  the  ditferent  periods,  and  tim  same  only 
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wAiUed  to  have  been  carrk*d  downw.inh  to  Uie  unilSt  to 
have  complete<i  the  disc<»vt*^. 

lu  this  manner  the  circumferencr  of  a circle  wh<«c 
diameter  is  1,  according  to  the  notation  of  Apo11uniu9» 
would  be  expressed  by  * 

y . ayi»,  , . yeir^  , . yo;,ar'.  • 

• t'  I * / , 

3 . 1415  . 92^5  . 3589  . 7932  . 384C  . 2(>43. 
rrom  what  has  been  already  observed,  it  appears,  that 
the  Greek  nutation  resembled  what  we  now  employ  fur 
compound  numbers,  and  hi  short  their  whole  arithmetic 
didered  from  ours  chiefly  in  this,  that  for  want  of  giving 
a local  value  to  their  characters,  all  their  operations  were 
performed  much  in  the  same  manner  as  wo  now  perform 
ours  in  dumlccirouU,  and  compound  multiplication,  divk 
sion,  5tc.  None  of  the  Greek  writers  wliosc  works  have 
come  down  to  us,  have  attempted  to  teach  the  lirst  fun> 
daroental  rules  of  their  arithmetic ; we  can  therefore  only 
judge  from  the  disposition  of  their  cbamclers,  the  exact 
method  of  o{Kra!ion  that  they  followed.  It  seems  how> 
ever  probable,  that  they  generally  worked  from  the  left 
hand  towards  the  right;  but  in  their  additions  and  siih> 
traciiojis  this  was'so  ninnifettly  disadvantageous  and  trou- 
blesome, compared  with  what  it  would  have  been  to  have 
pcrformcil  the  same  operations  in  a contrary  order,  that 
one  can  hardly  suppose  they  could  have  overlooked  such 
an  evident  and  advantageous  proceeding. 

As  to  their  multiplications,  it  was  not  of  so  much  im- 
portance, and  there  seems  no  doubt  that  in  this  rule,  their 
operations  were  performed  from  left  to  right,  as  we  do 
ours  in  uigebra.  In  their  divisions  tiiey  approached  nearer 
to  our  method  for  com|>uur.d  division,  excc;^>t  that  they 
generally  found  the  whole  quotient  at  one  step,  which 
must  therefore  have  been  the  result  of  severai  tedious 
trials,  or  by  means  of  a table  for  that  purpose ; tliat  it, 
they  found  tiir  greatest  quotient  in  the  first  period,  and 
then,  having  subtracted,  tliey  found  the  second  |H.*riod 
ol  the  quotn  nt,  &c.  The  square  root  was  extracted  in  a 
manner  also  much  it^cmbling  ours,  ditreriiig  from  it,  only 
in  finding  each  {icriod  of  the  rout  at  one  step,  as  (hey  did 
the  quotients  in  division. 

It  would  be  inconsistent  with  the  nature  of  our  work 
to  enter  upon  this  subject  at  nny  considerable  length,  we 
shall  theiefore  cuntinc  ourvivirs  to  exhibiting  a few  c.x- 
pmples,  with  the  corresponding  operations  in  our  aiiih- 
meiic,  referring  the  curious  reader  for  farther  informa- 
tion on  this  head,  to  an  ingenious  a^d  leanted  Cssay,  by 
Delambn-,  added  to  the  French  translation  of  the  works 
of  Archimedes,  where  he  will  find  ample  gratification, 

EintHfAe  in  Addition. 

.yj)nx  {■  847  3921 

Greek  Modem 


f 847  3J 

. y J 60  84 


. /3rxa 


8400 


908  2321 


Greek 


Voi.ir. 


Eiample  la  Suhtraction. 

r 9 3^36 

^ • yu  d Modern  | 2 3409 
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pvy 

til 

ajr 


Exnfnp/c  in  *ffH/eip,^icaiiok, 
153 
* 153 

15300  ss  (00  . 


153 


TfV$ 

l.yyj 


7650  = 50 . 153 
-459  = i . 153 


Pf 
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The  above  examples  will  convey  a slight  idea'  of  tho 
notation  of  ibc  Greeks,  and  their  method  of  performing 
the  fundamental  rules  of  their  arithmetic,  w hicli  is  evident- 
ly, in  every  respect,  very  much  inferior  to  that  of  the  mo- 
derns. 

Jiomnn  Notatiok.  The  Homans  also  employedsorae 
of  the  letters  of  their  alphabet  for  designauiig  dillcnnit 
numbers,  which,  though  sufficiently  commodious  in  point 
of  representation,  was  1>y  no  means  adapted  for  arith- 
metical calculations.  The  simple  characters  were  as  follow : 

1 was  represented  by  i 
5 - - by  V • 

10  - - by  X 

50  - - by  I,  ' 

100  - - by  C 

500  - j by  i>  ^ 

1000  . - by  M . 

And  by  means  of  these  characters,  and  the  viirious  com- 
bination of  them,  they  expressed  any  number  wliatevcr. 
Thoe  arc  still  in  use  tor  representing  dates,  tiutnbtsingof 
chapters,  pages,  5cc. 

NOmi-S,  m Music,  are  characters  which  mark  ilie tones, 
i.  e-  the  elevatioiu  and  fallings  of  the  voice,  or  sound,  and 
the  swiftness  or  slowness  of  its  motions,  &:c ; and  these  have 
undergone  various  alterations  and  improveraeots,  before 
they  arrived  at  their  present  state  of  perfection. 

NOVEMBER,  the  eleventh  month  in  the  Julian  year, 
hut  the  ninth  in  the  year  of  Romulus,  beginning  wdili 
March  ; .whence  its  name.  In  this  month,  which  contains 
30  days,  the  sun  enters  the  sign  / , vU,  usually  about  the 
21st  day  of  the  month.  * 

NUCLEUS,  the  kernel,  is  used  hy  Hevelius,  and  some 
other  astronomers,  for  the  body  of  a comet,  which  others 
call  its  head,  as  distinguished  from  its  tail,  or  Uard. ' 

Nucleus,  is  also  used  by  some  writers  fur  the  central 
parts  of  ihci'flrih,  and  other  planets,  which  they  suppose 
firmer,  and  as  it  were  separated  from  them,  comideied  u> 
a corte.x  or  shell. 

NULL,  the  same  as  Newel  of  a Staircase. 

NUMBER,  a collection  or  assemblage  of  several  uniU, 
or  several  thinp  of  the  same  kind  ; as  2,  3,  4,  5<c,  exclu- 
sive of  the  number  1 : which  is  Euclid's  dcHnition  of  num- 
ber.-—Stevinus  defines  number  as  that  by  which  the  quan- 
tity of  any  thing  is  expresses!  ‘ agreeably  to  which  Newton 
conceives  a number  to  consist,  not  in  a multitude  of  units, 
as  Euclid  dermes  it,  but  in  the  abstract  ratio  of  a quantify 
of  any  kind  to  another  quantity  of  the  same  kind,  which 
is  accounted  as  unity : and  in  this  sense,  includingall  these 
three  species  of  numbiT,  fix,  Integers,  Fractions,  and  Surds. 

Wolbut  defines  number  to  be  xomething  which  refers  lu 
unity,  as  one  right  line  refers  to  another.  Thus,  assuming 
a right  line  for  unity,  a number  may  likewise  bi*  txpresst^ 
by  a right  line.  And  in  this  way  also  Descartes  considers 
nutpbersu  expressed  by  lines,  where  he  treau  of  theuritb- 
melieal  operations  as  performed  by  lines,  in  the  beginning 
of  bis  Geometry.  ^ 
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Matbematicians  divide  number  into  different  classes  ^ 
as, 

Numbsas,  Aiftoiute,  AUiract,*  Ahundant,  Amicable,  Ap^ 
^»Cd<e,  Circular,  Coaerrte,  Comjtaate,  Cubic,  D^ectixfc, 
Praciicnal,  Fiptrate,  Pof^onat,  Perfecl,  Prime,  Pyramidal, 
Aaiicnal,  Sitnilar,  Square,  6cc,  for  trbicl)  tee  the*  ro^pecti>e 
adjcclivcs. 

Beside  these  divisions,  which  form  the  principal  heads 
under  which  numbers  are  considered,  they  are  also  di* 
ruled  into  eren  and  odd,  and  formerly  they  were  dtsliiv 
iruisbed  into  evenly  even,  evenly  odd,  Uc:  but  these  deno- 
minations are  now  disusad,  and  the  same  is  expressed  by 
saying,  numbers  of  the  form  4n,  4n  -t-  ],  4n  — > 1,  dec;  by 
which  is  to  be  understood  that,  in  the  lirst  place,  the  uuni- 
ber  is  exactly  divisible  by  4;  in  the  MH:ond,  the  number 
being  divided  by  4 it  leaves  a remainder  I ; and  in  the 
third  place,  when  divided  by  4,  it  leaves  a remainder 
3 or  — I ; and  the  same  is  implied  when  numbers  are  said 
to  be  of  any  oilier  form  as  7a  1,  7a  -»•  3,  Ua  2,  : 

this  is  a much  more  simple  and  general  method  of  classing 
numbers,  and  is  that  which  is  now  commonly  employed. 

We  fii\d  from  the  different  fragments  that  have  been 
transmitted  to  us,  some  of  which  are  found  in  the  Kle- 
ments  of  Euclid,  that  the  ancient  mathematicians  hud 
made  some  considerable  progress  in  (he  investigation  of 
the  properties  of  numbers;  but  (hey  wanted  two  power- 
ful instruments,  in  order  to  fathom  this  subject,  of  which 
the  moderns ‘jave  availed  themselves;  thvM?  are  the  pre- 
sent mode  of  notation,  which  expresses  numbers  with 
so  much  facility,  and  the  science  of  algebra,  which  ge- 
neralizes the  results,  and  with  which  we  cun  opt*ratc  with 
the  same  ease  on  known  and  unknown  quantities.  Tbi'so 
inveniious  could  not  but  have  a powerful  influence  in  pro- 
moting the  progress  of  the  science  of  numbers;  and  ac- 
cordingly, vre  find  the  work  of  Diophantus,  the  most  an- 
cient author  on  algebra  that  we  know  of,  is  entirely  dedi- 
cated to  the  properties  of  pumbers,  and  contains  many 
difficult  questions  which  required  conbidcrable  address 
and  sagacity  to  resolve. 

From  Diophantus,  to  the  time  of  Victa  and  Bachet, 
mathematicians  continued  to  occupy  themselves  with'  the 
subject  of  numbers,  but  without  much  success;  at  length 
Vicia,  by  adding  a new  degree  of  excellence  to  algebra, 
resolved  many  difficult  problems  relating  to  numbers. 
Bacbet,  in  his  work  entitled  Probldmes  Plaisansct  D^lee- 
tables,  gave  a solution  to  all  indeterminate  equations  of 
the  first  degree,  by  a method  as  ingenious,  as  it  was  ge- 
neral in  its  application.  To  the  same  ingenious  author 
wa  are  indebted  for  an  excellent  commentary  on  Dio- 
phantus, which  was  afterwards  enriched  by  the  marginal 
notes  of  Fermat,  who  was  one  of  fhose  that  most  contri- 
buted to  bring  this  science  to  perfection,  by  the  great  va- 
riety of  elegant  theorems  that  he  proposed,  though  he  left 
many  of  them  without  demonstrations;  they,  however, 
bad  the  effect  of  calling  into  action  the  talents  of  many 
aminent  mathematicians.  It  wa^  the  custom  at  that  lime 
to  proTOsc  questions  bv  way  of  challenge  to  each  other, 
(he  solutions  to  which  were  accordingly  concealed,  in 
order  to  secure  to  themselves,  «or  to  their  nation,  the 
honour  of  solving  them ; this  was  at  least  the  case  with 
the  English  and  French  mathematicians,  between  whom 
there  was  much  rivalry  at  that  time. 

We  are  however  inclined  to  think,  that  many  of  the 
theorems  of  Fermat  were  only  the  result  of  observation 
and  (rials,  and  that  he  himself  never  arrived  at  their  dc- 
moDstraiions;  though  he  expressly  says,  in  one  of  bis  notes 


on  Diophantus,  pa.T90,  that  bo  was  engaged  in  writing  a 
work  on  this  subject,  which  would  contain  multa  varia  et 
abstrusissima  iiumororum  myi^lena:  and  it  has  lung  been 
regretted  by  mathematicians  that  this  work  never  uppruretk 
Some  celebrated  fonign  authors  se<^i  to  attribute  the  cir- 
cgpaatance  tothc  ignorance  of  thepervons  into  wbose  bands 
Fermat's  papers  were  consigned  at  his  death;  but  wc  are 
rather  inclined  to  ascribe  it  to  a difiereut  cause ; we  sup- 
pose that  at  the  time  the  note  was  written,  Fermat  was 
really  engaged  in  such  a work,  and  expected  to  be  able  to 
complete  the  undertaking ; but  probably  failing  in  some 
of  bis  most  celebrated  theorems,  he  suppressed  the  work 
cntin’ly:  and  (his  idea  receives  considerable  sirength 
from  the  circuinslaiice  of  Euler  having  shown,  (hat  one 
least  of  his  theorems,  though  true  in  a great  many  cases, 
is  not  generally  so.  Fermat  had  said,  that  2*  1 is  al- 

ways a prime,  if  x be  taken  any  number  in  the  scries 
2,  4,  R,  l6,  &c ; but  Euler  found  that  2’*  = 

641  X b'70()U7,  and  therefore  is  not  a prime  number.  It 
should  however  be  observed,  that  Fermat  hud  made  no 
mention  of  bis  haviug  demonstrated  this  (heoi  t m. 

But  of  all  tliosc  mathematicians  who  have  treated  on  (he 
science  of  uunibers,  Kulcr  claims  the  most  d1stingui:ihi*d 
situation:  we  are  also  much  indebted  to  the  labours  and 
ingenuity  of  Lagrange,  Legendre,  and  Gauss.  'J'he  two 
latter  have  pubti»ited  works  expressly  on  this  subject,  en- 
tirely independent  of  each  other’s  method,  both  of  which 
possets  a very  great  dr'grec  of  merit;  but  the  latter  has 
the  greatest  claim  to  originality.  Tlie  former  work  is  in 
French,  eotillcd  K<«ai  sur  la  Throne  des  Nombres,  par 
Legendre;  the  first  edition  of  which  was  published  in  4to, 
at  Paris,  in^thc  year  , and  a second  edition,  with 
considerable  improvements,  in  1808.  'Hie  latter  work  is 
in  Latin,  under  the  title  of  Disquisitiunes  Arithmetics,  and 
it  has  since  been  translated  into  French. 

It  is  impossible  for  us,  in  tbo  space  to  which  wc  must 
confined  (his  article,  to  enter  at  length  on  the  subject  of 
numbers;  we  shall  therefore  confine  ourstlves  to  the  enu- 
meration of  some  of  the  most  curious  and  important  pro- 
perties. 

Propertiet  pf  'Sitmbnt. 

1.  Every  even  number  is  of  the  form  2n,  and  every  odd 
number  of  the  form  2n  ± 1. 

2.  Every  prime  number,  greater  than  3,  is  contained 
in  one  of  the  formula;  (m  •v-  1,  or  6^  — 1 ; and  every 
prime  number  greater  than  2,  in  one  of  the  forms  4n  -h  1, 
or  4»  “ 1. 

3.  Every  even  square  number  is  of  the  form  4a,  and 
every  odd  square  number  of  the  form  8a  -»■  I. 

4.  The  following  tabic  exhibits  the  forms  of  all  square 
numbers,  with  regard  to  every  modulus  from  1 to  12. 


Moduli. 

Fumulw. 

3 

2« 

2«  -1- 

3 

3" 

3n 

4 

4« 

4n  -♦* 

5 

Sn 

5»  ± 

6 

6n 

6« 

b'rt 

4 

7 

7« 

7" 

7n 

2 

8 

8fi 

«n 

fsn  -h 

> 

9 

9« 

■+■ 

4 

7 

10 

10a 

10"± 

lOa  ± 

4 

lOft  ■*- 

5 

11 

1 1« 

1 In  -t- 

4 

lln 

9 

i n« 

3 

J2 

12« 

12«  I- 

1 

12b  ± 

3 

12»  -t- 

4 
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And  connequently  ev<^ry  oumber  that  does  not  fall  under 
some  one  of  the  abovn  forms  is  not  a s^^uare. 

5.  The  following  tables  exhibit  nil  the  impossible  forma 
of  square  numbers,  us  referred  to  the  moduli  3,  4,  and  5; 
that  IS,  no  number  that  falls  under  any  of  the  forms  in  the 
table  can  bo  a square  number. 


Modulu*  3. 

Modido*  4. 

Mudolu*  5. 

2»'  ± 3y.* 

2S*  y 4yu’ 

2<'y 

3t‘  ± .J9«* 

3<*  ± 4?k‘ 

3l*  ^ 5r/tt‘ 

i«*±  3,.* 

6<*  y 4y«* 

5./U* 

± 3j«* 

KX*  ± 4jii* 

8<*  y Sju' 

J W ± 3^il* 

•lir*  4y«* 

12<*y  J7B* 

1«*  ± Sjii* 

± 4fii‘ 

13r*  5qu* 

Gmersi  Forms. 

Geoasl  F<xa». 

General  Fans. 

(3/)+3)/’±3j«' 

and 

3pi‘+  Sip* 

(V±a)»'y4fti* 

and 

(4p4-3)  r’±4ya* 

(5p±2)r*y'  3ya’ 

Where  it  is  onl^  necessary  to  observe,  that  q and  its  re- 
spective moduli  must  be  prime  to  each  other. 

6.  The  powers  of  all  numbers  from  tbe  2d  to  the  12th 
(the  7th  excepted),  are  of  the  following^ specihed  forms. 

is  one  6f  the  forms  3n  'or  5n  ^ 1 
7«  or  7«  ± 1 
5a  or  5a  •«>  1 
l^n  or  11a  I 
7n  or  7a  I • 

I7a  or  17"  ± X 
19a  or  J9a  ± I 
11a  or  tin  •«-  1 
23n  or  23a  ^ 1 
13a  or  13a  1 ^ 

The  7th  power  is  not  reducible  to  a similar  form,  because 
neither  7 ■+•  I nor  2 x 7 1 is  a priou;  number. 

7.  Every  prime  number  8n  1,  8n  5,  is,  exclu- 
sively of  all  others,  of  the  form  or,  which  is  the 

same  thing,  every  prime  number  of  the  form  4a  4-  1 is  the 
sum  of  two  squares. 

8.  Every  prime  number  8n  1,  Sa  •4*  3,  U,  exclusively 
of  all  Others,  of  the  form  x*  2y*. 

9.  Every  prime  number  8a  -t-  1,  8a  -i-  7»  U,  exclusively 
of  all  others,  of  the  form  x*  — 

10.  Every  prime  number  8a  — i i$  of  the  form 

2r*. 

1 1.  Every  number  of  the  form  24a  •»>  5 is  the  sum  of 
five,  or  a less  number  of  squares^  whose  roots  are  of  tbe 
form  6a  •—  I, 

12.  Every  number  of  the  form  8n  6,  is  the  sum  of 
six,  or  a less  number  of  squares,  whose  roots  are  of  the 
form  4«  — 1. 

13.  Every  odd  number,  except  those  of  the  form 
8n  7,  is  the  sum  of  three  squares.  And  no  numbers  of 
this  form  can  be  the  sum  of  three  squares. 

14.  Every  odd  number,  without  exception,  is  of  tbe 

fortnp*  2r*.  It  should  be  observed  that  in  this 

form,  as  also  in  all  others  we  liave  mentioned,  any  one  or 
more  of  those  squares  may  become  xcro. 

15.  Every  number  of  the  formp^  y*  when  mul- 
tipUetl  by  ^ gives  a number  of  ibe/orm p*  q'  ■¥  2r*; 
and  tbe  latter  forni  being  multiplied  agaiu  by  2,  repro- 
daces  the  f«)rmer. 

16.  ir  a number  be  the  sum  of  two  squares,  its  double 
is  tbe  sum  of  two  squares.'  * 


17.  A number  that  is  (be  sum  of  two  squares,  being 
multiplied  by  a number  of  the  same  form,  gives  a product 
that  U tbe  sum  of  two  squares : that  is.  (p^  4-  o')  » 

(r*  -I.  j')  =s  (x*  + y). 

18.  Tbe  product  of  the  sum  of  four  squares,  by  the  sum 
of  four  squares,  is  itself  the  sura  of  four  squares ; mr, 

(p*  -*•  y*  -e  r*  -t-  i’)  X (p'  + y*  r“  -4.  J*)  = 

(w*  4-  ^ 4-y*  4-  s'). 

19>  Every  number  is  a triangular  number,  or  the  sum 
of  two  or  three  triangular  numbers.  A square,  or  (be 
sum  of  two,  three,  or  four  squares.  A pi  ntagonaJ,  or  the 
sum  of  two,  three,  four,  or  five  pentagonals,  8cc.— -This  is 
one  of  the  celebrated  theorems  of  Fermat;  but  it  has 
never  been  demonstrated,  except  for  the  two  first  cases. 
The  other  part  of  it  stiU  remains,  to  exercise  the  ingenuity 
of  mathematicians.  * 

20.  Every  number  is  a cube,  or  the  sum  of  2,  3,  4,  5, 
6,  7,  8,  or  9 cubcs.^This  is  one  of  Dr.  Waring*s  theorems, 
but  we  believe  it  has  never  been  demonstrated. 

21.  if  p and  y be  any  two  numbers  prime  to  each 
other,  then  p*  4>  y*  can  only  be  divided  by  numbers  of 
the  same  form.  Or,  which  is  tbe  same  thing,  a number 
that  is  the  sum  of  two  squares,  can  only  be  divided  by 
numbers  that  are  the  sum  of  two  squares : the  two  given 
squares  bcit^  prime  to  each  other. 

22.  And,  in  general,  all  numbers  comprised  in  any  of 
the  following  forms;  vis,  p'  4*  y',p*  4*  2y%  ^ — Qa\  can 
have  for  divisors,  only  those  numbers  which  fall  under  the 
same  form  as  themselves. 

23.  Every  prime  number  4n  4*  I,  which  divides  the 
formula p*  4>  2y*,  will  also  divide  the  formula  p*  — 2y\ 

24.  A prime  number  4a  — 1,  that  divides  the  for- 
mula p*  4.  ay*,  can  not  be  a divisor  of  the  formula 
p*  - aqK 

25.  Every  prime  number  Sa  4>  1,  or  Ka  4.  7,  will  di- 
vide, at  the  same  time,  the  two  formula;  p*  4-  o^',  and 
y 4>  2ay*,  or  it  will  divide  neither  of  them. 

26.  Every  prime  number  8a  4-  3,  or  8n  4>  5,  will  al- 

wa)*t  divide  one  of  the  two  formuls  p'  4-  ay’,  2oy*i 

but  it  can  divide  only  one  of  them. 

27.  If  c be  a prime  number,  and  a any  number  not  di- 

visible by  c,  then  a dividad  by  c,  will  leave  the  same  re- 
mainder as  n*  divided  by  c.  Hence  is  readily  deduced 
the  following  theorem,  which  is  of  the  greatest  Uic  in  the 
theory  of  numben.  , 

28.  If  c be  a prime  number,  and  a any  number  not  di- 
visible by  c,  then  will  a ' **  * • 1 always  be  divisible  by 

29.  If  a be  a prime  number,  then  will  (1 .2.3.4  5cc. 
(a  — 1)  4-  1)  always  be  divisible  by  a. 

This  theorem  is  given  in  a more  general  form  by  M. 
Gauss,  in  his  I^squisitiones  Arithmeticc;  thus: 

30.  If  a be  any  number  whatever,  and  a,  4,  c,  &c,  all 
those  numbers  less  than  a,  and  also  prime  to  it,  then  will 
(tt . 5.  c . 8(c.  (a  ~ 1)  4-  1)  be  divisible  by  a. 

From  the  former  of  these  two  enumerations  is  readily 
deduced  the  following  corollary;  namely, 

31.  Ifabea  prime  number, then  will  (1'.2'.3*.  4*.ficc. 

C“^)*  **■  divided  by  a,  always  have  a re- 

mainder^  1 ; that  is  ’t>  1,  when  a is  of  the  form  4a  ->  1, 
and  — I when  a is  of  tbe  form  4a  4*  1. 

32.  If  sa  be  made  to  represent  tbe  sum  of  all  the  di- 
visors of  any  number  o,  then  will  sa  = s (a  — •!)  4- 
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ft  («  — 2)  — s (h  — 3)»-  s (n  — 4)  S (n  — 5) 

s ( n — 6)  — iiC.. 

S3.  NeilhtT  ihi;  sum  nor  ciiflerrncc  of  iwo  cubes  can  be 
a cube. 

34.  Neither  tbc  sum  nor  diAerence  of  two  biquadra- 
tureSt  be  a squirt*. 

35.  And,  generally,  the  equation x*  is  always 

impossible  when  n exceeds  2.— This  is  one  of  Fcnnai’s 
tbt'oieias,  which  has  neser  been  demonstrated,  except  for 
the  first  two  cases.  Filler  has  generalized  those  cases, 
by  dein(jn'‘li  oting  that  the  equation  a'lx*  i l^ay*  = is 
alusys  t!Tipos>ible. 

, 36.  The  sum  of  any  number  of  consecutive  cubes,  be- 

ginning at  unity  (or  at  any  other  number  that  is  both  a 
square  and  u cube),  is  a square  number. 

^37.  'I'he  second  differences  of  consecutive  square  num- 
bers is  2 ; the  third  difference  ofeube^  is  6:  and  generally, 
the  fllb  dirterciices  of  the  nth  powersof  any  numbers  in  arilh- 
metical  progression,  is  constant,  and  is  equal  to  1 x 2 « 

3 X 4 - • • • (r  — 1)  X fli/",  when  d is  the  common  differ- 
ence of  the  series. 

38.  The  area  of  a rational  right-angled  triangle  cannot 
be  a square  number. 

39*  In  any  rational  right-angled  triangle,  one  of  the 
sides  is  divisible  by  5. 

40.  There  cannot  be  more  than  three  square  numbers 
in  an  arithmetical  progrt-v^vion. 

41.  The  difference  between  any  number,  and  another 
number  formed  with  the  same  digits  any  how  transposed, 
is  always  divisible  by  9* 

42.  The  difi'erence  between  any  odd  power  and  its  root, 
is  divisible  by  double  Hie  exponent  of  that  power. 

43.  The  formula  «■  — o*  is  alwa>*s  divisible  by  a — t , 

44.  If  m — n be  even,  then  will  a*  — «•  be  divisible  by 

a HK  1. 

45.  Ifm  — n be  odd,  then  will  a"  a“  b«  divisible  lly 
o -4-  1. 

^ 46.  The  formula  o“  — b*  is  always  divisible  by  o — 1^, 

whatever  be  the  value -of  m. 

47-  If  m be  even,  then  will  a"  — ^ be  divisible  both  by 
a ^ b and  a b. 

48.  If  »i  be  odd,  then  will  o“  ■+■  A®  be  divisible  by 
o -*•  6.  • 

49-  No  algebraical  formula  can  be  found  that  will  con- 
tain prime  numbers  only.— This  theorem  is  demon- 
strated by  I..4^‘ndre  in  bis  Essai  sur  la  'I  heorie  des  Norn- 
bres. 

5p.  The  greatest  known  prime  number  is 21  ♦7483647* 
I'bc  above  numerical  properties  have  been  cbiefiy  se- 
l^ted  from  Waring’s  Meditatioiies  Algebraicis ; Euler's 
Anal.  Iiifin.,  and  hia  Algebra;  Legendre's  Essai  sur  la 
Theoric  dtsNombres;  and  from  Gausy  Disquisitiones 
Arilhmetica;i  to  which  works  the  reader  is  referred  for 
every  information  that  can  be  desired  on  this  interesting 
subject. 

Nvxfucit,  Goldtn.  See  Golden  Number  and  Cycle! 
Nc  MBEa  of  Direction,  in  Chronology,  some  one  of  the 
35  numbers  between  the  Easter  limits,  or  between  the 
earliest  and  latest  day  on  which  it  can  full,  i.  e.  between 
March  22  and  April  25,  which  are  35  days;  bring  so 
called,  because  it  serves  as  u direction  for  finding  Easter 
'for  any  year;  bi'ing  indeed  the  number  that  expresses 
how  many  days  iit\er  Murch21,  Tiastcr-day  falls.  Thus, 
, Eiiste/-day  falling  as  in  the  first  line  below,  ibc  number  of 
direction  will  be  us  on  (he  lower  line  : 


i ] • • N U M , 

• March  April 

Easltr-Jay, 22, 23.24,25, 26,ar, 28, 2y,30, 31,  I,  2,&c. 
No.ofdir.  I,  2,  3,  4,  5,  6,  7,  8,  0,  10,  U,l2,&c 
and  so  on,  till  the  number  of  dirretiou  on  the  lower  bne 
be  35,  which  will  answer  to  April  ^5,  being  the  latest  that 
Easter  can  hiippen.  Iherelcre  add  21  to  the  miinber  of 
direction,  and  the  sum  will  be  so  many  diiys  in  March  for 
the  Easter-ilay  : if  the  sum  exceed  31,  ibe  excess  will  be 
the  day  of  April. 

Tb  fndtkt  NtTStBER  qf  Direction.  Enter  the  following 
table  (which  is  adapted  to  the  new  style),  with  the  do- 
minical letter  on  the  left  hand,  and  the  golden  number  at. 
the  top,  then  where  the  columns  meet  i»  Uie  number  of 
direction  for  that  yixir.  See  Terguson's  Astroii.  pa.  381, 
ed.  8vo.  * 
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Thus,  for  the  year  1814,  the  dominicat  letter  being  a, 
and  the  golden  number  10  ; on  the  line  of  a,  and  below 
10,  is  20  for  the  number  of  direction.*  Tothisadd21,  the 
sum  is  41  days  from  the  1st  of  March,  which,  deducting 
the  31  days  of  .March,  leaves  10  for  the  day  of  April,  for 
£uster-day  that  year. 

Numeral  Characters.  Sec  Ch-sracters. 

Numeral  The  antiquity  of  these*  in  England 

has,  for  several  reasons,  been  supposed  as  high  as  the  ele- 
venth century  ; in  Trance  about  the  middle  of  the  tenth 
century  ; having  been  introduced  into  both  countries  from 
Spain,  where  they  had  been  brought  by  the  Moors  or  Sa- 
racens. Sec  Wallis’s  Algebra,  pa.9&c,  and  pa.  153  of 
additions  at  (he  end  of  (he  same ; also  Philos.  I'lans.  No. 
439  and  475.  See  also  Notation. 

NUMERATION,  in  Arithmetic,  the  art  of  estimating 
or  pronouncing  any  number,  or  scries  of  numbers. 

Numbers  arc  usually  expressed  by  the  ten  follow'ing 
characters,  1,  2,  3,  4,  5,  6,  7,  3,  9>  0;  the  first  ulne  de- 
noting respectively  the  first  nine  ordinal  numbers ; and  the 
last,  or  cipher  0,  joined  to  any  of  the  others,  dennies  so 
many  tens.  In  like  manner,  two  ciphers  joined  to  any 
one  of  the  first  nine  significant  figures,  make  it  become  so 
many  hundreds,  three  ciphers  make  il  thousands,  and  so 
on. 

Wei^ius  indeed  shows  how  to  number,  without  going 
■beyond  a quate*rnary  ; i.  o.  by  beginning  to  repeal  at  each 
fourth.  And  Leibiiitc  and  l>c  l.agny,  hi  what  they  call 
ihcir  binary  arithmetic,  begin  to  repeat  at  every  2d  place ; 
using  only  the  two  figures  1 and  0,  Rut  these  are  rather 
niatlcrs  of  curiosity  than  use.  Sec  Notatiox. 

Thai  the  nine  significant  figures  may'express  not  only 
uniLs,  but  aUu  tons,  hundreds,  thousands,  \c,  they  have 
a local  value  given  (hem,  as  hinted  above ; so  that,  though 
when  alone,  or  in  a right-hand  place,  they  denote  only 
units  or  ones,  yet  in  the  2d  place  tiiey  denote  tens,  in  the 
3d  place  hundreds,  in  tiie  4ih  place  (fiousands,  Arc ; as  the 
number  5555  is  five  thousand  five  hundred  fifty  and  five. 
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Hence  then,  lo  exprcis«r\y  written  number, 
thepro]KT  value  to  each  character;  beicinningatUic  rij^ht 
hand,  Uivide  the  proposed  number  into  clasaes,  of  three 
churucllr!i  to  eacl^lasa  ; and  consider  two  classes  as 
making  up  a perio^f  six  6g\irM  or  places.  I brn  cve;^ 
period,  ul  six  figures,  baa  a name  common  to  oil  the  fi> 
guret  in  it ; the  1st  being  priniesor  units;  the  2d  is  mil> 
liuus ; the  3d  is  raiUioDS^f'niiliioiis,  or  billions;  the  4th 
is  roillioru»<ot'niiliioiM-of>iuiUuins  or  irillioiu;  and  so  on  ; 
also  every  class,  or  half-period,  of  three  figures,  is  read 
separately  %y  itself,  so  many  hundredi,  tens,  and  units; 
only,  after  the  Ictt-hand  half  of  each  period,  the  word 
tkoiisaiuls  i»  athied  ; and  at  the  end  of  toe  2d,  3d,  4th  dec 
period,  its*  common  name  millions,  billions,  dec,  is  ex> 
piossed.  'I'hits.  the  number  4,5*11,  is  4 thousand  5 hun* 
<^*d  and  9k.— The  number  210,463,  is  2 huixired  and  10 
thousands,  and  463. — l iie  number  28 1,427 ,307,  is  28 1 
milfions.  427  ihuusnnds,  and  307. 

NUMKll.ATOU,  ot  a I'raclioa,  is  the  number  which 
shows  how  tunny  nf  those  parts,  which  the  mtegtf  is  sup- 
posed to  be  divided  into,  are  dcnototl  by  tho  irscttors. 
And,  III  the  iiuiuUoii  tlie  numerator  is  set  over  the  deno- 
minator, o^iumbtT  that  shows  into  bow  many  parts  the 
integer  is  divided,  in  the  fruciion.  So,  ex.  ^ denotes 
tliree-fouiths,  or  3 parts  out  of  4 ; wherc5i»  the  numera- 
tor, and  4 tin'  tieiiominntor.  a 

NU.MKUICAL,  Ncmcruus,  or  something 

that  n lutes  to  number. 

Ni'MLUsl  is  that  which  maki'suscpf  num- 

bers, in  ctHitrudistmctioii  from  literal  algebra,  or  that  lu 
which  the  letters  of  the  alphabet  are  used. 

NUN  1'-/.  (Pei  eii).  See  NONIUS. 

NU  r.A'nON,  in  .Vsironomy,  a kind  of  libratory  mo- 
lioa  of  the  earth's  axis  ; by  which  its  inclinaiiou  to  the 
plane  of  the  ecliptic  is  coiitinuully  varying,  by  a certain 
number  of  seconds,  backwards  and  fiinvards.  The  whole 
exUiit  of  this  change  in  the  inclinutiim  of  the  earth's  axil, 
or,  which  is  the  same  thing,  in  the  apparent  decimation  of 
the  stars,  is  about  19*',  and  the  p<-riod  of  that  change  is 
little  mure  than  9 years,  or  the  space  of  timu  from  its 
setting  out  from  any  poiul  and  returning  to  the  same  point 
.'iguin,  about  18  years  and  7 mouths,  being  the  same  as  the 
period  of  the  moons  moiiono,  upon  which  it  chiefly  de- 
pends ; being  indetHl  the  jmiti  ellcct  uf  the  inequititira  of 
the  action  of  the  sun  uml  moon  upon  tlie  spheroidal  figure 
of  the  larib,  by  which  its  axis  is  made  lu  revolve  with  a 
conical  motion,  so  that  the  extreuiity  of  it  describes  u 
small  ciicle,  or  rather  an  ellipse,  of  19'1  seconds  diuiiuier, 
and  14'’‘2  conjugate,  each  revolution  hiding  made  in  the 
space  of  18  ^cais  7 months,  according  to  the  revolution  of 
the  nuidn's  nodes.  ^ 

This  is  a natural  consequence  nf  the  Newtonian  system 
of  universal  atiiaciion;  the  first  principle  of  which  is,  that 
all  bodK'S  mutually  attract  each  other  in  the  direct  ratio 
of  t^eir  iuaS6ei^  and  in  the  inverse  ratio  of  the  square-i  of 
their  distances.  From  this  mutual  attraction,  cumhintd 
with  nsDtion  in  a right  line.  New  ttm  deduces  the  figure  of 
the  orbits  of  the  planets  and  parlicuUily  that  of  the  earth. 
If  this  orbit  were  a circle,  mid  if  the  earth’s  term  were  (Imt 
of  a pi'rleci  spliaee,  the  attmetion  ol  the  sun  would  have 
no  other  efi'ect  than  to  keep  the  earth  in  its  (*rbit,  witlmut 
causing  any  irrvguWrtty  in  the  position  of  iu  axis.-  Hut 
neither  is  the  earth's  orbit  a circle,  nor  its  body  a sjilu-re; 
for  the  earth  is  srmibly  protu^rant  towards  the  equator, 
atid  iu  orbit  la  uii  eiUptis,  whicb  has  the  sun  in  its  focus. 


Now  when  the  position  of  the  earth  is  such,  that  the  plurw- 
of  the  equator  passes  through  the  centre  uf  the  sun,  the 
attractive  power  of  thb  sun  acts  oniyHo  as  to  druw  the 
earth  towards  it,  stdl  parallel  lo  itscirgaad  without  chan- 
ging the  position  ot  its  axis  ; a circuiiuitQcc  whicb  ha;>- 
peiis  only  ut  the  timool  the  equinoxeajc.  In  proportion  as 
the  earth  recedes  fi<»fn  tiiou*  points,  the  sun  also  goes 
uf  the  plane  of  the  equator,  aiul  approaches  that  of|he  one 
or  other  of  the  tiupics  ; the  scinidiumeier  of  the  earth, 
then  exposed  to  (he  sun,  being  unequal  to  what  it  was  in 
the  former  case,  the  etjuatur  is  more  powerfully  attracted 
than  the  rest  of  the  globe,  uhtch  causes  sume  alteration  in 
its  |Kisitiiio,and  its  inclination  to  thnplaneot  (he  ecliptic: 
and  as  that  part  of  tl^.orbil,  which  is  Compriml  Ih  tween 
the  autumnal  and  vernal  equinox,  is  less  than  that  which 
is  comprized  between  thevernti  audnutumiml,  it  follows, 
that  the  irrcgulaiity  caused  by  the  sun,  during  bis  passage 
through  the  northern  signs,  u not  cnriri*ly  compensated  by 
that  which  he  causes  during  his  pasMge  through  the  south- 
ern signs  ; and  that  the  parallebam  qtthe  icnvstnalaxis, 
and  its  inclination  to  the  ecliptic;  is  (hence  a little  altered. 

The  like  efti-ct  which  the  suii  produces  on  the  earti^,  by 
bis  atlruction.  is  also  produced  by  the  moon,  which  acts 
with  greater  force,  in  proportion  as  sbe  is  more  distant 
from  the  equator.  Now,  at  the  time  when  her  nodes  agree 
with  the  equinoctial  points,  her  gi^-aleai  lutMudc  is  addid 
to  the  greatest  obliquity  uf  the  ecliptic.  At  this  umc 
therefore,  the  power  which  causi’s  tlic  inM^larity  in  the 
position  of  (he  terrestrial  axis,  acts- with  the  greatest  forct; 
and  the  revolution  of  the  nudes  of  (he  modo  bcio^  pt>r- 
furmed  hi  IS  yeai^  7 months, Inmce  it  happens  that  in  this 
lime  the  nodes  will  twice  agree  with  the  equinoctial  points; 
and  c^H-qucntly,  twice  in  that  peiiud,  or  once  every  9 
years,  the  earth's  axis  w ill  be  mure  infiuenced  than  at  any 
other  time.  •/ 

That  tlie  moon  has  also  a like  motiun,  is  shown  by 
Newton,  in  the  first  book  of  the  IMiicipia;  but  he  ob- 
serves indeed  (hat  this  motiun  must  he  very  small,  and 
scarcely  wusible. 

As  to  the  history  of  the  nutation,  it  seems  th^  have 
been  hints  and  suspicions  uf.  the  existence  of  suclxa  cir- 
cumstance, ever  since  Newton's  discovery , of  tbo  system 
uf  the  universial  aud  mutuiil  attraction  of  matter;  9ome 
traces  of  which  ore  found  lu  hisPitncipm,  as  abuvc-inen- 
tione^ 

We  find  too,  that  Flamsteed  had  hoped,  about  the  year 
1690,  by  means  of  the  stars  near  his  senitb,  to  deterininc 
the  quantity  of  the  nutation  which  ought  to  follow  Irom 
the  theory  of  Newton ; but  he  gave  up  that  project,  be- 
cause, says  be,  if  this  cfieci  e.>^is,  it  must  remain  uiscast* 
ble  till  we  have  instruments  inach  lungerihan  7 f*^et,  nad 
more  solid  and  better  fixed  than  mine,  liisl.  C'clest. 
vol.  3,  pa.  1 15. 

And  Ilurrebuw  gives  the  following  passage,  e.xtracted 
from  the  manuscripts  of  his  masteiL  Koemer,  yho  dii*d  in 
17 10,  Mid  whoM*  ubservalioiis  he  pAli^hed  in  1753,  under 
the  title  uf  UaNU  A»lronunii«.  By  this  paragraph  it  ap- 
pears, that  Koenier  suspected  also  n nutation  in  tKeeattb’s 
axis,  uiul  ha<i  <.om^’  hi»pcs  to  give  (he  theory  of  i4;  it  runt 
thus ; “ Sed  dc  ullitudinibus  non  perinde  certus  reddebar, 
tarn  oh  refiuctionum  varirtqtem  quiin  ob  aliam.Mondnnx 
liquido  {K’rspectam  causaiD  4*KiliCe(  per  boa  duos  unticm, 
queniadmodum  et  altos,  cuvperiub  suuk  rase  quandain  in 
declinationibus  variclatem,*  quar  im'C  refr.'ictioniUus  nrc 
parallajubuk  uibui  potest,  siiiv  dubio  ad  vucilJutione«x 


ali(|uam  poti  tcrrwtris  rpfrrfndam,  cujus  fnc  vcrnitnilcni 
dare  p ’•*»«•  thcuiiatu,  obscrvaiiouibus  munitani,  spero.'* 
Bftsw  A^lronomue,  1735,  |«.06\ 

TUpv’  idcus  of  a nutation  would  naturally  present  tbem> 
aclvx’s  ti>  ihoac  who  miglil  perceive  certain  cliangcs  in  the 
deriinationa  of  the  stars;  and  we  have  seen  that  the  lirsl 
sttopicions  of  Bradley  in  1727»  were  that  there  was  some 
nutation  of  the  earth’s  axis  which  caused  the  star  y Dra- 
conis  to  ap|M’ar  at  times  more  or  less  near  the  pole;  but 
fuither  observations  obliged  him  to  search  another  cause 
for  tlu'  annual  vuiations  (art.  ABEaRATivN)  ; it  was  not 
liU  some  ycart  after  that  he  discovered  the  second  motion 
which  we  now  treat  of,  properly  called  the  nutation.  See 
the  art.  Stau,  where  Bradley’s  discovery  of  it  is  given 
at  length  ; to  which  may  be  further  added  the  following 
summary. 

For  the  better  explaining  the  discover)’  of  the  nutation 
by  Bradley,  we  must  recur  to  the  time  when  he  observed 
the  stars  in  discovering  the  aberration.  He  perceived  in 
1798,  that  the  annual  change  of  declination  in  the  stars 
near  the  equinoctial  colurc,  was  greater  than  what  ought 
to  result  from  the  annual  precession  of  the  equinoxes  being 
supposed  5CT,  and  calculated  in  the  usual  way  ; the  star 
1)  Ursa;  MajoKs  was  in  the  month  of  September  SO" 
more  south  than  the  preceding  year,  which  ought  to  have 
been  only  19’**;  from  whence  it  would  follow  that  tl>c  pre- 
cession of  the  equinoxes  should  be  instead  of  50", 
Without  ascribing  the  difference  between  the  18  and  20" 
to  the  instrument,  because  the  stars  about  the  solstitial 
colure  did  not  give  a like  difference.  Philos.  Truns.  vol. 
35,  pa.  659. 

In  general,  the  stars  situated  near  tbe  equinoctial  cohire 
bod  changed  their  declination  about  2’  more  than  they 
ought  by  the  mean  precession  of  the  equiim.xcs,  the  quan- 
tity of  which  is  very  well  known,  and  the  stars  near  the 
solstitial  colurc  the  same  quantity  less  than  they  ought ; 
but,  Bradley  adds,  whether  these  small  variations  arise 
from  some  tegular  cause,  or  are  occasioned  by  some 
change  in  the  sector,  I am  not  yet  able  to  determine. 
Brmdiey  therefore  ardently  continued  his  observations  for 
determining  the  period  and  the  law  of  these  variations ; for 
which  purpose  he  resided  almost  continually  at  Wanstod 
Bit  1732,  when  he  was  obliged  to  repair  to  Oxford  to  suc- 
ceed Dr.  Halley  ; he  still  however  continued  to  observe 
with  the  same  exactness  all  the  circumstances  pf  the 
changc^  of  declination  in  a great  number  of  stars.  Each 
year  he  saw  the  periods  of  the  aberration  confirmed  ac- 
cording to  the  rules  he  had  lately  discovered  ; but  from 
jAir  to  year  he  found  also  other  differences ; the  stars 
Bitoatcd  between  the  venial  equinox  and  the  winu>r  sol- 
stice approached  nearer  to  the  north  pole,  while  tbe  oppo- 
site ones  receded  further  from  it : he  began  therefore  to 
suspect  that  the  action  of  the  moon  on  the  elevated  equa- 
torial parts  of  the  earth  might  cause  a variation  or  libra- 
tion  in  the  earth’s  axis:  his  sector  having  be<'n  left  fixed 
at  Wangled,  he  often  went  there  to  make  observaflons  for 
mnny  years,  till  the  year  1747i  when  he  was  fully  satisfied 
of  the  cause  and  effects,  an  account  of  which  he  then  com- 
municated totheworld.  Philos.  Traq|i.  vo). 45,  an.  1748. 

“ On  account  of  the  inclination  of  the  mf>un’»  orbit  to 
tbe  ecliptic,'*  says  Dr.  Maskelyne,  (Astronomical  Obser- 
vations 1776,  pa.  2),  “ and  the  revolution  of  the  nod«!»in 
anteccdcniia,  which  is  performed  in  1ft  years  and  7 months, 
the  part  of  the  precession  of  the  equinoxes,  owing  to  her 
action,  is  not  uniform  ; but  subject  to  an  equation,  whose 


maximum  is  18*^:  and  the  obliquity  of  the  ecliptic  is  also 
subject  to  a periodical  equation  of  9"'35;  being  greater 
by  19’  1"  when  tlie  moon’s  ascending  node  is  in  Aries,  than 
when  it  is  in  Libra.  Both  these  offsets  are  repreaented  to- 
gether, by  supposing  the  pole  of  the  earth  to  describe  the 
periphery  of  an  ellipsis,  in  a retrograde  manner,  during 
each  period  of  the  moon's  nodes,  the  greater  axis,  lying  in 
the  solstitial  coture,  being  19*1", and  the  leaser  axis,  lying 
in  the  equinoctial  colure,  14’2*^  being  to  the  greater,  at 
the  cosine  of  double  the  obliquity  of  the  ecliptic  to  the 
cosine  of  the  obliquity  itself.  This  motion  of  the  pole  of 
the  earth  is  called  the  nutation  of  the  earth's  axis,  and  was 
discovered  by  Dr.  Bradley,  by  a scries  of  observations  of 
several  stars  made  in  the  course  of  20  years,  from  1727 
to  1747,  being  a continuation  of  those  by  which  ho  had 
discovered  the  aberration  of  light.  But  the  exact  lawtif 
the  motion  of  the  earth’s  axis  has  been  settled  by  tha 
learned  mathematicians  Dalembcrt,  Euler,  and  Simpson, 
from  the  principles  of  gravity.  The  equation  hence  arising 
in  the  place  of  a fixed  star,  whether  in  longitude,  right 
ascension,  or  declination  (for  the  latitudes  are  not  affected 
fay  it)  has  been  sometimes  called  nutation,  and  sometimes 
deviation."  And  a^«in  (says  the  «t<K-l<ir, .f»a.  ft), the 
above  quantity  I9'i  » of  the  greatest  nutation  of  ihceartli's 
axis  in  the  s<ilstitial  cnliire,  is  wimt  1 found  from  a scru- 
pulous calcuiatioti  of  all  Dr.  Bradley’s  observations  of 
y Draconia,  which  he  was  pleased  to  cominutiicaic  to  me 
for  that  purpose.  From  a like  examination  of  his  obser- 
vation ul'ij  Urste  Majoris,  1 found  the  lesser  axis  of  the 
ellipsis  of  mitution  to  be  14*1",  or  only  of  a second 
less  than  what  it  should  be  from  the  ob^rvations  of  y 
Draconis.  But  the  result  from  the  obsersaiionsof  y Dra- 
conis  is  most  to  Ih*  depended  on.” 

Mr.  Machin,  secretary  of  the  Hoyal  Society,  to  whom 
Bradley  communicated  bis  conjectures,  soon  perceived 
that  it  would  U*  sufiicienl  to  explain,  both  the  nutation 
and  the  change  of  the  precession,  to  suppose  that  the  pole 
of  the  exrih  dcscrilx'd  a small  circle.  He  stated  tbe  dia- 
meter of  this  circle  at  18",  and  he  supposed  that  it  was 
described  by  the  pole  in  the  space  of  one  revolution  of  the 
moon's  nodes.  But  later  calculations,  and  tlieory,  have 
shown  that  the  pole  describes  a small  ellipsis,  whose  axes 
are  19*1"  and  14*2",  as  above  mentioned. 

To  show  the  agreement  between  the  theory  and  obser- 
vations, Bradley  gives  a great  multitude  of  observations  of 
a number  of  stars,  taken  m different  positiotis  ; and  out  of 
more  than  300  observations  which  he  made,  he  found  but 
11  which  were  different  from  the  mean  by  so  much  as  2*. 
And  by  the  supposition  of  the  elliptic  rotation,  the  agree- 
ment of  the  theory  with  observation  comes  out  still  nearer. 

By  the  observations  of  1740  and  1741,  the  star  Ursse 
Majorls  sppi'ured  to  be  3"  farther  from  the  pole  than  it 
ought  to  be  uceording  to  the  observations  of  other  years. 
Bradley  ihou^ll.t  this  dillerence  arose  from  some  particu- 
l.ar  cause  ; which  however  was  chiefly  the  fault  of  the  cir- 
cular hypothesis.  He  suspected  also  that  the  situation  of 
the  apogee  of  the  moon  might  ba^e  some  influence  on  tbe 
nutation,  lit  invited  therefore  the  mathematicians  to  cal- 
culate all  these  effects  of  attraction;  which  has  bren  ably 
done  by  I>xlernborl,  Euler,  Walmesley,  Simpson,  and 
others;  and  the  astronomers  to  continue  to  observe  the 
positfons  of  the  smallest  stars,  as  well  as  the  largest,  to 
discover  the  physical  deniiigements  which  they  may  be 
subject  to,  and  which  had  been  observed  in  some  of  them. 

Several  effects  arise  from  tbe  nutation.  The  first  of 
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these,  and  tkit  which  n the  most  easily  perceived,  is  the 
change  in  the  obliquity  of  the  ecliptic  ; the  quantity  of 
which  ought  to  be  varied  from  that  cause  by  In  in  about 
$ years.  Accordingly,  Hhe  obliquity  of  the  ecliptic  was 
oUserxed  in  1764  to  be  ^3^  28'  15  , and  in  1755  only 
33°  28'  5":  not  only  therefore  had  it  not  diminished  by 
8",  as  it  ought  to  have  done  according  to  the  regular  mean 
diminution  of  that  obliquity ; but  it  had  beeu  augmented 
by  lO";  making  together  18*',  for  thcefTect  of  the  nutation 
in  the  9 years. 

The  nutation  changes  equally  the  longitudes,  the  right- 
ascensions,  and  tlic  declinations  of  the  stars,  as  before  ob-' 
served  ; it  h the  latitudes  only  which  it  does  not  afleCt, 
because  the  ecliptic  is  immoveable  in  the  theory  of  the 
nutation. 

Dr.  Bradley  illustrates  the  foregoing  theory  of  nutation 
in  the  fellowing  manner.  Let  r represent  the  mean  place 


when  the  moon's  ascending  node  is  in  Aries  f and  at  b, 
when  that  node  gets  back  to  Capricorn;  and  the  angular 
motion  of  ihe  true  pole  about  p,  is  Jikewisesupposed  equal 
to  that  of  the  mgon’s  mxic  about  i:,  or  the  pole  of  the 
ecliptic  ; since  in  these  cases  the  true  pole  of  the  equator 
is  90  degrees  before  the  moon's  ascending  node,  it  mu?t  be 
so  in  nil  others. 

When  the  true  polo  is  at  A,*it  will've  at  the  same  di- 
itancc  from  the  stars  that  lie  in  the  equinoctial  culurP,  as 
the  mean  polo  r is ; and  as  <hc  true  pule  recedes  back 
from  A towards  b,  it  will  approach  the  stars  which  lie  in 
that  part  of  the  cpluro  represented  by  p T,and  recede  from 
those  that  lie  in  not  indeed  with  an  equable  motion, 
but  in  the  ratio  of  the  sine  of  the  distance  of  the  moon's 
node  from  the  beginning  of  Aries.  For  if  the  node  be 
supposed  to  have  g<jne  backwards  from  Aries  30^,  or  to 
the  beginning  of  Pisces,  the  point  which  represents  the 


of  tbo  pole  of  the  equator ; about  which  point,  as  a centre,  place  of  the  true  ptdc  will,  in  the  mean  time,  have  moved 


suppose  the  true  pole  to  move  in  the 
small  circle  abcd,  whose  diameter  is 
lb".  Let  K be  the  |H>le  of*  the  eclip- 
tic, and  EP  be  equal  to  the  mean  di- 
stance between  the  poles  of  the  equa- 
tor and  ecliptic;  and  suppose  the  true 
|K>le  of  the  equator  to  be  at  a,  when 
the  moon’s  ascending  node  is  in  the 
beginning  uf  Aries;  and  at  B,  when 
the  node  gets  back  to  Capricorn ; and  at  c,  when  the  same 
node  is  in  Ubni:  at  wdiich  lime  llic  north  pole  of  the 
equator  being  nearer  the  north  pole  of  the  ecliptic,  by  the 
whole  diamett*r  of  the  little  circle  ac,  equal  to  1$'*;  the 
obliquity  of  the  ecliptic  will  then  be  so  much  less  than  it 
was  ahi*n  the  moon's  ascending  node  was  in  Aries.  The 
point  p is  supposed  to  move  round  s,  svuh  an  equal  retro- 
grade motion,  answerable  to  the  mean  precession  arising 
from  the  jyint  actions  of  the  sun  and  moon : while  the 
true  pole  of  the  equator  moves  round  p,  in  the  circum- 
ference A BCD,  with  a retrograde  motion  likewise,  in  a pe- 
riod of  the  moon's  nodes,  or  uf  18  yean  and  7 months. 
By  this  ineans,  when  the  moon's  ascerwling  node  is  in 
Aries,  and  the  true  pole  of  the  equator  at  a,  is  moving 
from  A towards  b;  it  will  approach  ilto  stars  that  come 
to  the  meridian  with  the  son  about  the  verrmi  equinox, 
and  recede  from  those  that  come  wiiii  the  sun  near  the 
autumnsf  equinox,  faster  than  the  mean  pole  p does.  So 
that,  while  the  moon’s  node  goes  back  from  Aries  to  Ca- 
pricorn, the  apparent  precession  will  seem  so  much  great- 
er than  tite  mean, as  to  cause  the  stars  that  lie  in  the  equi- 
noctial colure  to  have  altered  their  declination  9^*,  in  about 
4 years  and  8 months,  moa*  than  the  mean  precession 
would  do ; and  in  the  same  time,  the  north  pole  uf  the 
equator  will  seem  to  have  approached  the  stare  that  come 
to  the  mendian  with  the  sun  of  our  winter  solstice  about 
9**,  and  to  have  recoded  as  much  from  those  that  come 
with  the  sun  at  the  sumnier  5«l<iiri*. 

Thus  the  phenom«‘fta  hcfoiv  n^cilrd  are  in  general  con- 
formable to  thb  hypothc^v.  But  to  U-  more  particular  ; 
let  s be  the  place  of  u star,  w Uh-  circle  uf  decimation 
passing  through  u,  rcprvsenliir®  it»  distance  fr«»m  the  mir-in 
pole,  and  qr  vs  it*  qitan  right-ascendo!).  Thus  if  o and 
A be  the  po;ntf  where  tlic  circk  uf  declinatiun  cuts  the 
little  circle  alcd,  ihc  true  pole  will  ho  nearest  that  star 
at  o,  and  furthest  from  it  at  a ; the  whole  ddfereiice 
omuuniiiig  to  IS*',  or  to  the  diameter  of  the  little  circle. 
As  the  true  pule  ul  die  cquauii  i»  supposed  to  bv  at  a, 


m the  little  circle  through  an  arc,  ns  ao,  of  dO^likewiM*; 
and  would  tberufnre  in  ctfecc  have  approached  the  start 
that  lie  in  the  equinoctial  colurapnr,  and  have  receded 
from  those  that  lie  in  r A by  4|  seconds,  which  is  the 
line  of  30^  to  the  radius  ap.  For  if  a perpendicu- 
lar fall  frbm  o on  ap,  it  may  be  conceived  as  part  of  a 
great  circle,  passiog  through  the  true  pole  and  any  star 
lying  in  the  equinoctial  colure.  Now  the  same  propor^ 
tion  that  holds  in  these  stars,  will  obtain  likewise  in  all 
others  ; and  from  hence  we  may  collect  a general  rule  Cor 
finding  how  much  nearer,  or  farther,  any  star  it'  to,  or 
from,  the  mean  pole,»m  any  given  posiliun  of  the  moon's 
node. 

For,  if  from  the  riglit-asccnsion  of  the  ;dPr,  we  subtract 
the  distance  of  the  moon’s  ascending  node  from  Aries  ; 
then  radius  will  be  to  the  sine  of  the  remainder,  as  9**  it 
to  the  number  of  seconds  that  the  star  is  nearer  to,  or 
farther  from,  the  true,  than  the  mean  pole. 

This  motion  of  the  true  pule,  about  the  mean  at  p,  will 
also  produce  a change  in  the  right-ascension  of . the  start, 
mod  in  the  places  of  the  equinoctial  paints,  as  well  as  in 
the  obliquity  of  the  ecliptic ; and  the  quantity  of  the 
equations,  in  cither  of  these  cases,  may  be  easily  com- 
puted for  any  given  position  of  the  moop’s  nodes. 

Dr.  Bradley  then  pruect'ds  to  find  the  exact  quantity  of 
the  ptcan  precession  of  the  equinoctial  points,  by  com- 
paring his  own  observatioM  made  at  Greenwich,  with 
those  of  Tycho  Brahe  am)  ullicre;  the  mean  of  all  which 
he  states  at  1 degree  in  71i  yuirs,  or  per  year;  in 
order  to  show  the  agrrcmcnl  of  the  foregoing  hypothesis 
with  the  phenomena  themselves,  of  the  alterations  in  Ihe 
polar  distances  of  the  stars;  the  conclusions  frum'whicb 
approach  as  near  to  a coincidence  as  cuuld  be  expected 
on  the  foregoing  circular  hypothesis,  the  dUmeterof  which 
is  18**;  instead  of  the  more  accurate  quantity  19‘1\  as 
deduced  by  Dr.  Maskelyne,  and  the  elliptic  theory  as  de- 
termined by  the  mathematicians,  in  which  the  gn'ater 
axis  (19*1'')  if  10  the  lest  axis  (IVS"),  as  the  cosine  of 
the  greatest  declination  is  to  the  cosine  of  double  tha 
same. 

Tu  give  an  idea  now  of  the  nutation  of  the  stare,  iia 
longitude,  r^ht  ascension,  and  declination ; suppose  the 
pole  of  the  equator  to  be  at  any  tin:e  in  the  point  o, 
also  % the  place  of  any  star,  and  oti  pi<rpcndicular  to  af.  : 
then,  like  as  At  is  the  solstitial  colurc  when  the  pole  of 
the  equator  was  at  a,  and  the  longitude  of  the  star  s 
equal  to  the  angle  abs  ; so  ot  is  the  soBmial  colure 
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uh.*n  iha^poW  tx  at  o,  onii  the  lon»;Uuil<*  is  th<n  only  the  subtractcil  from  the  mean  ri|*Ui-«<en»i«n  io  tl^  first  6 
a<  oes;*lo»  thAii  Urlore  by  lha  ;tR;«U‘  aeo,  uhich  si^iks  of  the  luit^ituile  ol  the  xiutie»  unci  a4iie<i  in  the  other 
. thi  let'nrc  ta  the  nuU'tion  in  h>n;;injdc  ; counting  the  lou*  six. 
gUuUos  from  tee  sidstitial  inauud  of  the  equmorliul  co-  In  like  mamxr  is  found  the  change  which  the  nutation 
lur»‘,  lr*>«i  which  they  djder  equally  by  5)0  degrees,  and  produces  in  the  other  purl  <»f  the  righl-osce^nsion  spr.that 


therelbri-  have  the  same  .thnorence  ato.  Now  tlie  angle 
Afo  will  be  us  the  line  iio  = sin.  ao  to  radius  }‘B  = Mn. 
AO  X rii  = sin.  A#x  l^creloffe  ns  to  : no  : : radius  I : 

iio«  sin.  AO  X 0'^  sin.  node  x 9*^  .* 

!__  =J = «inrp  AO  i4<Tiiinl  to 


is,  in  the  angle  spo,  wliich  becomes  v>u  by  Uic  cfiect  of 
the  QUttUioiK  'I'liis  sniu!)  variat'uin  will  be  calculated  trom ' 
the  same  analogy,  by  means  of  the  lrmii|’le  aoo,  in  which 
the  angle  o i»  constant,  as  well  as  the  side  so,  while  sp 


I sin-  AO  X sin.  no«ie  x . mic  uiigie  u if  LonMuiii,  ds  nrii  us  luv  siiiu  nmic  :sr 

“■  i,,n  *23“  ~ ^ since  ao  i9er|u&  o f.j,anges  inlo  so.  Mence  ihereluie,  tang.  SP  : cm.  spc  : : 


luneitude  of  the  nioun’s  node.  This  expression  thcrefure 
givtHi  the  iiuialioit  in  longitude,  supposing  the  maximum 
of  nutation,  with  Bradley,  to  be  ; and  it  is  negative,  or 
must  be  subtracted  from  the  mean  longitude  of  the  stars,^ 
when  the  moou's  node  is  in  the  first  O'  signs  of  its  longi* 
tude;  but  additive  io  the  lallcr  G,  to  give  the  true  nppa* 
tent  longitude. 


y*' : variation  of  spc«,  that  is,  the  cotangent  of  tbn  dccli> 
niuiun  is  to  the  cosine  of  the  distance  between  the  sfkr 
and  the  node,  as  5^'^  are  to  the  quantity  the  angle  spc  va- 
ries in  btcondng  the  angle  stiG,  being  the  second  part  of 
the  nutation  in  right-ascensitiu ; and  if  there  be  taken  for 
the  ui^umcnt,  the  right'ascenston  of  the  star  minus  the 
lorqiitudc  of  the  node,  the  equation  will  be  subimrtive  in 


Thi,  .TJaiiim  of  ilie  nulaiion  in  lonjiin.lo  i.  ih<-  tame.  *)»a'lnini  ol  ihc  arRUincnl,  ami  adJitive 


for  nil  the  stars  ^ but  that  for  the  declination  and  right 
ascension  is  various  for  the  dillerent  st.irs.  In  the  lore- 
goinc  figure.  p«  is  the  mean  polar  distance,  or  mean  code* 
clinalum  of  the  star  s,  vshen  the  tr^ie  place  of  the  pole  is 
o;  and  so  the  upareru  codiclinution ; hIm*,  the  angle  bps 
is  the  mean  riiht  ascension,  and  box:  the  appnreut  one, 
counted  from  the  sulshtiul  colun:;  consequently  ops  or 
opp  tbe  dilfereiicu  between  the  right  ascension  of  the  star 
nnd  that  of  the  pole,  which  is  equal  to  the  longitude  of 


ill  the  '^d  and  'id,  or  from  3 to  5)  signs.  But  the  contniry 
for  stars  having  south  dccUiialion.  ' 

I'his  u*cond  part  of  the  nutation  in  right-asccnsiim  af- 
fects the  return  of  the  sun  to  the  meridmu,  and  therefore 
it  must  betaken  into  the  nccuuui  in  computing  iheccjua- 
tion  of  lime.  But  the  former  part  of  the  nuHition  docs 
not  enter  into  that  computation  ; because  it  only  changes 
the  place  of  the  equinox,  wilhoui  changing  the  point  of 
the  equator  to  which  a star  corrc&ponds,  and  con^ 


the  node  increased  by  3 dgns  or  5)0  degrees;  supposing  or  qu'ntJy  without  altering  the  duration  of  the  returns  to  the 
to  be  & small  arc  }>cr^>endicular  to  the  circle  of  dcclina-  meridian.  i i ■ i 


lion  prs;  then  is  bp  ssbo,  and  rp  the  nutation  in  decli- 
nation, or  the  quantity  the  declination  of  the  star  has  in- 
creased-; buC^flius  1 :<)*:•  co*in.  off  : ppss  q^^  x cos. 
off;  so  iliiit  the  equation  of  declination  will  lie  found 
by  multiplying  9^*  by  the  sine  of  the  star*s  right  ascension 
diminished  by  the  longitude  of  the  node ; for  that  angle  is 
the cfimplemcnt  of  theamzie  apo.  This  nutation  in  decU- 


Ail  tbesc  calculations  of  the  nutation,  above  explained, 
arc  upon  Machines  hypothesis,  that  the  pole  describi's  a 
circle;  however  Bradlt-y  himsc'if  remarked  that  some  of 
his  observations  did'ered  loo  much  from  that  theory,  and 
that  such  ubservaliims  were  found  to  sigreo  ’better  with 
theory,  by  supposing  that  the  pole,  insteu<l  of  the  circle, 
describes  an  ellipse,  having  its  less  axis  db  ^ in  the 


nation  is  to  be  added  to  the  fnetin  declination  to  give  the  t^uinoctial  coiurr,  and  the  greater  axis  ac  = 18|,  lying 
apparent,  when  its  argument  does  not  exceed  6 signs;  and  ***  solstitial  colure.  But  as  cveii  this  correction  was 
to  be*  subtracted  in  the  latter  6 signs.  But  the  contrary  not  sufficient  to  cauR-  all  the  inequalities  to  disappear  cn- 
for  the  stars  having  south  declinalion.  ***^^.yf  Dr.  Bradley  referred  the  determination  ul  the  point 

To  calculate  the  nutation  in  righ/*a«cension,  wc  must  theoretical  and  physical  investigation.  Accordingly 
id  the  diffm nec  between  the  angU*  boe  the  apparent,  *everal  mathematicians  umleilook  the  (ask,  and  |varticu* 
id  BPE  the  mean  nghl-ascension,  counted  from  the  sed-  Dalcmbert,  in  his  Iteelicrcbes  sur  lu  Precession  des 

itial  cidure  to.  Now  the  true  right  uscension  boe  I9  Bquinoxes,  where  he  determines  that  the  pole  really  de- 


find the  diffm  nec  between  the  angle  boe  the  apparent, 
and  BPE  the  mean  nght-ascension,  counted  from  the  sed- 
Btitial  cidure  eo.  Now  the  true  right  uscension  boe  I9 


equal  to  the  ditfi  rence  Wiweea  the  two  variable  angles  ooe  ellipse,  and  dial  narrower  than  the  one  assumed 

and  G08  ; the  former  of  which  arises  from  the  change  of  Bradley,  the  greater  axis  being  to  the  lc»,  as  tbe 

one  of  the  variable  circles  p.o,  and  depends  <m!v  on  the  23  to  ihc  cosme  of  double  the  same.  And 

situation  of  the  node  or  of  that  of  the  pole  o;  ihc  latter  Maskelync  found,  froai  a more  accuratc^cduciion 


Gos  depends  on  the  unglcopB,  which  i*  (he  difleience  bc- 
tweeii'tbe  right  ascension  of  the  star  and  the  place  of  the 


of  Bradley's  observations,  (bat  the  maximum  of  tbe  nuta- 
tion gives  19’  i*'  for  the  greater  axis,  ibereiore  the  above 


pole  o.  Now  in  tbe  spherical  triangle  c.PE,  which  changes  proportion  gives  l-k‘2'^  for  the  less  axis  of  it ; and  accord- 
into  coB,-lhe.Kidu  Cfcancl  angle  g remain  constant,  and  ingto  ihescdata, the  theory  and  observuiionsare  rrow  found 
ibe  other  parts  are  variable;  hence  tlie/elore  the  small  agree  very  near  together, 

variation  po  of  the  side  next  the  constant  angle  c,  is  to  I-alaiidcB  Astftiiu  vtrf.  art.  287-*  where  he 

the  small  variation  of  the  angle  opposite  to  the  constant  <^orrcctioij$  for  the  Wpsc.  He  observes  how- 

Bide  CE,  us  the  tangent  of  tbt  side  pe  cqv|M)\ilc  to  the  con-  ^ ^ ptcaUt  hyp*lbi‘>is  Hlf>nc,  ihe  compu- 


stant  angle,  is  to  (he  sine  uf  the  angle  gpf.  opposite  to  the 
constant  side;  that  is,  as  tang.  23'’’  2S'  : sin.  ops  : : 9"  : 

- — , the  difference  between  the  angles  goe 


tang.  23^*  28' 


tatiuns  may  be  pcHortned  &•  accuniudyiH'  the  observa- 
tions can  be  m44e;  and  he  concludes  uiiii  cor- 

rtciions  and  rules  for  computing  the  iiulatum  in  the  ellip- 
tic theory. 

Tbe  following  set  of  fp‘neral  tables  very  n'adily  give 


and  ope.  This  is  the  change  which  the  nutation  poprodueg^  the  effect  of  nutation  on  the  elliptical  hypothesis;  they 


in  (he  anglcOPE,  hving  the  first  part  of  the  nutation  sought, 
and  is  co'mmon  to  all  the  stars  and  planc-b.  It  U to  be 


were  calculaUd  by  the  late  M.  Lambert,  and  are  taken 
from  the  Connoissance  des  I'cmps  for  tbe  year  1788. 
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(»fnfr*ii  TtihUf/or^’tuotha  in  the  ElUfae. 


Table  I. 

Table  2 

Table  3. 

Dc- 

0*8 

1-7 

2*8 

t>e- 

0*8 

1*7 

2*8 

De- 

0*6 

I? 

2-8  ■ 

. 

grees 

— 

— 

grecN 

4-  — 

+ - 

4-  — 

grees. 

— -f- 

-*■  4* 

— -+- 

a 

n 

»/ 

M 

« 

ft 

t 

V 

n 

0 

OW 

3*93 

6.80 

SO 

0 

0*00 

0*58 

i-oo 

30 

0 

000 

7*71 

13  36 

30 

1 

0*14 

4-04 

e-86 

29 

1 

<W)2 

0*39 

1*01 

29 

1 

0*27 

793 

13*50 

29 

2 

0*27 

Vie 

6-91 

28 

2 

0*01- 

0*81 

1-02 

28 

2 

0*54 

8*18 

13-62 

28 

3 

0-41 

4*S8 

8*99 

27 

3 

OK38 

0*63 

1*02 

27 

3 

0*81 

8-40 

13*75 

27 

4 

0*35 

4*39 

7-oa 

28 

4 

0*08 

0.84 

1*03 

28 

4 

1*08 

8 63 

13*87 

-26 

5 

o-aa 

4‘30 

7*11 

23 

3 

0*10 

0*88 

1*04 

25 

3 

1*35 

8-85 

iS-9S 

25 

a 

0*82 

4*ai 

7-17 

24 

a 

0*12 

0*GS 

1*05 

24 

6 

1*01  ' 

9*07 

14-10 

24 

7 

0-94 

V72 

7-23 

23 

7 

0*14 

0-89 

1*08 

23 

7 

1*88 

9-29 

1420 

23 

8 

IMl 

4-83 

7*28 

22 

8 

0*16 

0-71 

1*07 

22 

8 

2*15 

9-50 

14*31 

22 

9 

1-23 

4‘94 

7*33 

21 

9 

0*18 

0*72 

1*07 

21 

9 

2-41 

. 9*71 

14*41 

21 

10 

i*sa 

.5-05 

7*38 

20 

10 

0*20 

0*74 

1*03 

20 

10 

2-08 

0*L>2 

14*50 

20 

11 

1*30 

5*13 

7-42 

13 

11 

0*22 

0*75 

1*09 

19 

11 

2-94 

10*12 

14-59 

19 

12 

1*03 

3-25 

7*47 

IS 

12 

0*24 

0*77 

1*09 

18 

12 

3*21 

10*32 

14  67 

18 

13 

1*77 

5*35 

7*31 

17 

13 

0*26 

0*78 

1*10 

17 

13 

3-47 

10*52 

14T6 

17 

1-90 

3‘43 

7*55 

18 

14 

0*28 

0*80 

1*11 

18 

14 

3*73 

10-72 

IV83 

18 

. 

13 

2-03 

5‘35 

7*38 

15 

13 

0*30 

0*81 

I'll 

13 

15 

3-99 

10-91 

14-90 

15 

la 

2Mfi 

3*85 

7-62 

l4 

18 

0»32 

0*83 

I'la 

14 

18 

4*23 

11*10 

14-97 

14 

17 

2*30 

3*74 

7*85 

13 

17 

0*34 

0*94 

1*12 

13 

17 

4-51 

11*28 

13  03 

15 

18 

2-4.1 

4-S3 

7*88 

12 

18 

0*35 

0*85 

!*13 

12 

IS 

4-77 

11-47 

15  09 

12 

19 

2-56 

51^2 

7*71 

11 

19 

0*37 

0*87 

1*13 

II 

19 

5*02 

11*85 

13*13 

11 

20 

2*68 

0*01 

7*73 

10 

20 

0.39 

0*88 

1*13 

10 

20 

5 28 

11 -«2 

15*20 

U) 

21 

2-81 

8*10 

7*75 

9 

21 

0*41 

0*89 

1-14 

9 

21 

S-59 

1 1-99 

15*24 

9 

22 

2-94 

8*19 

7*76 

8 

22 

0*13 

0*91 

1*14 

8 

22 

5-78 

12*16 

15*28 

8 

23 

3*07 

C-27 

7*77 

7 

23 

0*4.5 

0*92 

1-14 

7 

23 

8 03 

12-52 

13*32 

7 

24 

3*19 

6-35 

7*7P 

8 

24 

0*47 

0*93 

M4 

8 

24 

6*28 

12*48 

15*33 

6 

23 

3*32 

8*43 

7*80 

3 

25 

0*49 

0*94 

M3 

5 

25 

a 52 

12*64 

15.37 

5 

26 

3*44 

8*51 

7-82 

4 

28 

O-iO 

0*95 

1*15 

4 

28 

6*7a 

1279 

15*39 

4 

27 

3-ifl 

6*38 

7 83 

3 

27 

0*52 

0-90 

M3 

3 

27 

7*0! 

12  94 

15*41 

5 

28 

3-69 

G-68 

7*84 

2 

28 

0*54 

0*97 

1*15 

2 

28 

7-25 

13*09 

15*42 

2 

29 

3*81 

8*73 

7*85 

1 

29 

0*58 

0*J9 

1*15 

1 

29 

7*48 

13  23 

15*41 

1 

30 

3-93 

O-fiO 

7*85 

0 

30 

0*58 

1*00 

I 15 

0 

SO 

7-71 

13-36 

15*43 

U 

^ - 

•4'  — 

De- ' 

4-  — 

4-  — 

— 

I>e- 

1 

— 4 

— 4- 

— 

De- 

3*11 

VIO 

3*9 

greci 

3*11 

4*10 

3*9 

greev 

5*11 

4*10 

3 9 

grees 

This  table  is  constructed  from  Da|rmbcrt*s  ellipse, 
scroi'avcs  arc  9''  ^tid  6‘J^i  half  their  sum  and  half  ibeir 
ditf.  are  7'85*^  and  T15*«  as  in  the  following  furmulte. 
llie  number  1S'43^»  in  the  ^d  formula,  is  =6*7**  * Cf*~ 
tangent  of  the  ellipse's  obliquity.  If  the  semi-axes  be 
9*53''  and  7'1">  the  formulic  will  give  the  nutation  as  in 
Dr.  Maskelync’s  Tables,  of  1776. 

The  Uk  ^ the  TubUs, 

The  right'Bsccnsion  of  a star  minus  the  moon's  mean 
longitude,  gives  the  argument  of  the  first  of  these  three 
tablet.  The  sum  of  the  same  two  quantities  gives  the  ar* 
gument  of  the  2d  table.  Then  the  sum  or  difference 
of  the  quantities  found  with  these  two  arguments,  will 
give  the  correction  to  be  applied  to  the  mean  declination 
of  the  star,  if  it  U north  declination  ; but  if  it  is  southern, 
the  signs  -4-  or  arc  to  be  changed  into  — attd 

From  each  of  those  two  arguments  for  the  declination 
subtracting  3 signs,  or  90*^,  gives  the  arguments  for  cor» 
reeling  the  righi-'ascension ; the  sum  or  difference  of  the 
quantities  found,  with  these  two  arguments,  in  tables  1 
and  2,  is  to  be  multiplied  by  the  tangent  of  the  stars  dc> 
VOL>  II. 


clination,  and  to  the  product  is  to  be  added  the  quantity 
taken  out  of  table  3,  the  argument  of  which  is  the  mean 
longitude  of  the  moon's  ascending  node : when  the  de* 
clination  of  the  star  is  south,  the  tangent  will  be  negative. 

Einntple.  To  find  tbc  nutation  in  righl*ascension  and 
declin.  for  the  star  a Aquilx,  the  1st  of  July,  1788. 
Right-ascemion  of  the  vtar  9*  S3'*  T 
Ixing.  of  the  moon's  node  8 15  40 

DilT.  being  argument  1,  1 9 27  -h  4'99 

Sum,  argument  2,  • - 6‘  10  47  — 0*22 

Correction  of  the  declination  • - - •^4*77 

The  above  two  arguments  being  each  diminished  by  5 
signs,  give, 

Argument  I - I0*9®J7'  — 6 06 

Argument  2 3 10  47  -♦»  M3 

- 4 p3 

Declin.  of  star  north,  its  toogeut  • - - 0-14^ 

The  product  is---.--  - — 0'72 
Long,  of  the  if's  node,  argum.  3 - - 14-.Q4 

Correction  of  right-asceasion  • • • 14*22 

R • 
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In  generu),  l(*t  3 denote  the  longitude  of  tl»c  moons 
•scending  node;  r the  right-ascension  of  a star  or  planet ; 
d.its  declination ; ^he  nutation  in  declination  and  right- 
ascension  aill  be  expressed  by  the  two  following  formula:; 
vis,  the  nutation  in  decimatiun 

= K sill,  (r  — a)  1'^15  x sin.  <r  3); 

and  the  nutation  in  right-ascenstun 
s:  [7"-S5  K sin.  (r  - a - f)0®>  T 15  x sin. 
(r  3 90®)J  X tang,  d — 15’'*43  x sin.  3. 


For  the  niallieinatjcal  investigation  of  the*  effects  of 
universal  attraction,  in  producing  the  nutation,  ste 
d'AlctiiberFs  Recherches  sur  la  Precession  des  Equinoxes; 
Silvabelle’s  Treatise  on  the  Precession  of  the  Equinoxes 
6iCf  in  the  Philos.  Trans,  an.  1754,  pn.  385  ; Walmcslcy’s 
treatise  de  PrsBcessionc  ICquinoctiorum  et  AxisTerrae  Nu« 
tatione,  in  the  Philos.  Trans,  an.  1756',  pa.  700;  iiiriipson’s 
ftliscellaneuus  Tracts,  pa.  1 ; and  other  author^. 


O. 

OBJ 

OBF.I.ISK,  a kind  of  quadrangular  pyramid,  very  tali 
.ami  slender,  raised  as  an  ornament  in  tome  public 
place,  or  to  serve  as  a memorial  of  some  remarkable 
transaction. 

OBJECT,  srrmething  presented  to  the  mind,  by  sensa- 
tion, or  by  imagmatiun  ; or  something  that  adects  us  by 
its  presence,  that  affects  the  eye,  ear,  or  son>c  other  of 
the  organs  of  sertse,— The  objects  of  the  eye,  or  vision,  are 
painted  on  tbe  retina;  though  not  there  erect,  but  in- 
verted, according  to  the  laws  of  optics.  Tbit ‘is  easily 
shown  from  D«cartes’s  experiment,  of  laying  ban.  the 
vitreous  humour  on  the  back  part  of  the  eye,  and  putting 
over  it  a bit  of  white  paper,  or  the  skin  of  an  egg,  and  then 
placing  the  fore  part  of  tlie  eye  to  tbe  holu  of  a darkt  m*d 
room.  By  this  means  there  is  obtained  a pretty  land- 
scape of  the  external  objects,  painted  invertedly  on  the 
back  of  the  eye.  In  this  case,  how  the  objects  thus 
painted  invertedly  should  be  seen  erect,  is  matter  of  con- 
troversy. 

OBJECT-G/otr,  of  a telescope  or  microscope,  is  tbe 
glass  placed  at  the  end  of  the  tube  which  is  next  or  to- 
wards the  object  to  be  viewed. 

To  prove  tbe  goodness  and  regularity  of  an  object- 
glass  ; describe  two  concentric  circles  on  a piece  of  paper, 
the  one  having  its  diameter  the  same  with  the  bruadtli  of 
the  object-glass,  and  the  other  half  that  diumvter;  divide 
the  smaller  etrcuiiiference  into  6 equal  parts,  pricking  the 
points  uf  division  iJirough  with  a fine  nei-dle;  Cover  one 
side  of  the  glass  with  this  paper,  and,  exposing  it  to  the 
sun,  receive  the  rays  through  these  6 holes  upon  a plane; 
then  by  moving  the  plane  nearer  to  or  farther  from  the 
glass,  it  will  be-  found  whether  the  six  rays  unite  e.xactly 
together  at  any  di>lancc  from  the  glass;  if  they  do,  it  is  a 
proof  of  the  regularity  and  just  form  of  the  glasA ; and 
the  said  distance  is  also  its  foCal  di«tance.^.<Vnothcr  way 
of  proving  the  accuracy  of  an  object-glass,  is  by  placing 
it  in  a tube,  and  tid  ing  it  with  small  eye-glasses,  at  several 
distant  objects  ; for  that  objcct-gluss  is  always  the  best, 
which  represents  objects  tbe  brightest  and  most  distinct, 
and  which  bears  the  greatest  aperture,  aud  the  most  con- 
vex and  concave  eye-glassev,  without  colouring  or  hazi- 
ness. 

A circular  object-glass  is  said  to  be  truly  centred,  when 
the  centre  of  its  circumference  falls  exactly  in  the  axis  of 
the  glass  ; and  to  be  ill  centred,  when  it  falls  out  of  the 
axis.  To  prove  whether  object-glasses  bo  well  centred, 
hold  the  glass  at  a proper  distance  frena  the  eye,  and  ob- 
scfve  the  two  reticeted  images  of  a candle,  varying  tbe  dis- 
taqfc  till  die  two  images  unite,  which  is  the  true  centre 
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point : then  if  this  fail  in  the  middle,  or  central  point  of 
the  glxs.v  it  is  a proof  of  its  being  truly  centred. 

As  object-glasses  are  communiy  inctude<i  in  cells  that 
screw  upon  the  end  of  the  tube  ol  a telescope,  it  may  be 
proved  whether  they  be  well  centred,  hy  fixing  the  tube, 
and  observing  while  the  cell  is  unscrewed,  whether  (he 
cross-liain  keep  fixed  upon  the  same  lines  of  an  object 
seen  through  the  teh*scope. — For  various  methods  of  fmd- 
ing  the  true  cimire  of  an  object-glass,  sec  Smith's  Optics; 
book  3,  chap.  3 ; also  the  Philos.  Trans,  vol.  48,  pa,  177. 

OBJECn\’F.  Lint,  in  Perspective,  is  any  line  drawn 
on  the  geometrical  plane,  whose  representation  is  sought 
for  in  a draught  or  picture. 

Objective  Plane,  in  Perspective,  is  any  plane  situated 
in  the  borizoulai  plane,  whose  perspective  representation 
i$  required. 

ORLATE,  fiattod,  or  shortened ; as  an  oblate  spheroid, 
having  its  a.xis  shorter  than  its  middle  diameter;  being 
formed  by  the  rotation  of  an  ellipse  about  the  shorter  axis. 

OBL.ATENESS,  of  the  earth,  the  ffatness  about  the 
poles,  or  the  diminution  of  the  {jolar  axis  in  respect  of  the 
equatorial.  The  ratio  of  these  two  axes  has  been  deter- 
mined in  various  ways ; sometimes  by  the  measures  of 
different  degrees  of  latitude,  or  ol  longitude,  and  some- 
times by  tbe  length  of  peuduluros  vibrating  seconds  in  dif- 
ferent latitudes,  5cc ; the  results  of  all  which,  as  well  as 
accounts  of  the  means  of  determinine  them,  sec  under  the 
articles  Earth  and  Decree.  To  what  is  there  said, 
may  be  added  the  following,  from  An  Account  of  the  Ex- 
periments made  in  Russia  concerning  tiic  Length  of  a Pen- 
dulum which  swings  ileconds,  by  Mr.  Kraffl,  contained  in 
the  fflh  and  7th  volumes  of  the  New  Petersburg  Tran»- 
RCUons,  for  the  years  1790  and  1793.  These  experiments 
were  made  at  difiennt  times,  and  in  various  parts  of  tho 
Russian  empire:  Mr.  Krafft  has  collected  and  compand 
them,  with  a view  to  investigate  the  consequences  that 
might  thence  be  deduced  ; and  from  the  whole  bt  con- 
cludes, that  the  length  />  of  a pendulum,  which  swings  se- 
conds in  any  given  latitude  /,  und  in  a temperature  of  10 
degrees  of  HeaumuFs  therraumeicr,  may  be  determined  hy 
the  following  equation,  in  lines  of  a French  ftmi:  via, 
p = 439-178  2 3*21  sine*/. 

This  cxpri-ssion  agretsj  very  nearly,  not  only  with  all 
the  experiments  made  on  the  pendulum  in  Russia,  but 
also  with  those  of  Mr.  Gruhaiu,  and  those  ot  Mr.  Lyons 
in  79°  50'  north  latitude,  where  he  found  its  length  to  be 
441-38  lines.' — It  also  shows  the  augmentation  of  gravity 
from  the  equator  to  the  parallel  of  a given  latitude  / : fur, 
putting  g lor  the  gravity  under  the  equator,  G lor  that 
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under  the  pole,  and  s for  that  tjitidor  the  Iniitude /;  Mr.  by  the  revoiotion  of  the  ellipse  «bout  its  conjugate  or 
KralTt  dnds  z s (1  •»-  0’(X>6'^t'4&  %iiieW)  x ; kttd  coh>  shorter  bxis. 

i«t)uently  G = 1*0052848  g.  OBSCUUA  Camera.  See  Camera  Ob4cura. 

From  thU  proportion  of  gravity  under  diArrent  lotitude*,  Oescitka  CVara.  See  Clara  OOicura. 

J^tr.  KrnUt  di*duces,  that  on  the  bypuibeiis  of  the  lartli’s  OBSKRVATION,  in  Astronomy  and  Navtgatjon,  is 

brjng  a homogeneous  ellipsoid,  itA  oblHtrness  mutt  be  ; the  observing  vtitb  an  instrument  some  ceUstiAl  i^cnonie- 
iruteail  of  ahich  ought  to  be  the  result  of  this  hypo>  non ; as  the  altitude  of  the  sun,  muon,  or  stars,  or  their 
tiiesis;  but  on  adopting  the  supposition  that  the  earth  it  distances  asunder,  dfC.  Uut*by  this  term  the  seamen  com- 
a belerogeiieuus  ellipsoid,  he  tinds  its  oblatenns,  as  de*  mouly  mesa  only  the  taking  the  meridian  alliiuiles,  m 
duced  from  these  experiments,  to  be  which  agnts  order  to  find  the  latitude.  And  the  finding  the  latitude 
nearly  with  that  resulting  from  the  ra*  u'lui  cinonl  of  degrees  from  such  observed  altitude,  they  call  Working  an  Ob- 
of  iho  reeridian.-^Tbis  conBrnis  an  ohservntion  of  iM.  La-  servaLiuru 

place,  that,  if  the  hypothesis  of  the  earth's  humc^neity  be  OBSERVATORY,  a place  dc*stincd  for  observing  the 
given  up,  then  will  theory,  the  measurement  of  degrees  of  heaveuly  bodies  ; or  a building,  usually  erected  on  some 
latitude,  and  experinsents  with  the  pendulum,  nil  agree  in  eminence,  for  making  astronomical  observations, 
their  result  with  respect  to  the  oblateneis  of  the  earth.  Most  nations,  at  almost  all  times,  have  had  their  ob- 

OBLIQUE,  aslant,  indirect,  or  deviating  from  the  pei^  servaiortes,  cither  public  or  pri\ate  ones,  and  in  various 
pcndicular.  As,  degrees  of  perfection.  A discription  of  a great  nmtiy  of 

OnLiQUa  i4hg/e,  one  that  is  not  a right  angle,  but  either  them  may  be  seen  in  a ditsertaCton  of  Weidler's,  De  pne- 
greater  or  less  than  this,  being  either  obtuse  or  acute.  senti  Specularuiu  Aitruiiomicarum  Statu,  print<^  in  1727, 
OaLiqui-aag/rd  lYiangUf  that  whose  angles  are  all  and  iu  ditfereni  articles  of  his  History  of  Astronomy, 
oblique.  printed  in  1741,  vii,  |>a.86  &c;  as  also  in  Lilandc's  As* 

Oblique  Atcti**ion^  is  that  point  of  the  equinoctial  tronomy,  the  preface  pa. 34;  also  in  Uaiily's  a&lrouomi- 
whicli  rises  with  the  crjitrcof  the  sun,  or  star;  or  any  other  cal  works,  and  elsewhere. 

point  of  the  heave  ns,  in  an  oblique  sphere.  As  navigation  essentially  depends  on  the  determinutions 

Oblique  Circle,  in  the  stt'reographic  projection,  is  any  made  in  observatories,  such  establishments  have  bcencon- 
circlc  that  is  oblique  to  the  plane  of  projection.  ridered  of  great  national  im|>ortancr,  especially  in  man* 

Oblique  Desetnnon,  that  point  of  the  equinoctial  time  states;  aud  brnce  they  hare  been  liberally  endowed 
which  scu  with  the  centre  of  the  sun,  or  star,  or  other  by  dideivnl  govcrnraeiiU.  Even  private  observatories  havti 
point  of  the  heavens  in  an  oblique  sphere.  b^n,  in  many  places,  erected  at  considerable  cxpenw>; 

Oblique  DirrcriVri,  that  which  U not  perpendicular  to  the  number  of  which  has  betm  greatly  increased  of  late 
a line  or  plane.  years;  a circumstance  which,  while  it  marks  tho  pro- 

Oblique  force,  or  Percussion,  or  I’owrr,  or  Stroke,  is  givss  of  science,  does  honour  to  the  age  in  which  wc  live, 
thni  made  ilia  direction  oblique  to  a bodyot  plane.  It  is  Fixed  observatories  arc  those  where  instruments  arc 
d>'monstiated  that  thecfTcct  of sueboblique  force  &c,  upon  fixed  in  the  meridian,  by  which,  with  the  aid  ofastrono- 
thc  body,  is  toun  equal  prrpendicalar  one,  as  the  sine  of  mical  clocks,  the  right-ascensions  and  declinations  of 
the  nngiv  of  incidence  is  to  radius.  the  heavenly  bodies  are  determined;  and  motion,  tinse. 

Oblique  Line,  that  uhich  makes  an  oblique  angle  with  and  space  made  to  measure  each  otbor.  Such  buildings 
ftorav  other  line.  and  apparatus  onlyare  called  regwfarobscrvaloricB,tlunigh 

Oblique  in  Dialling,  are  such  as  recline  from  very  useful  operations  are  sorm-iimes  performed,  and  ini- 

thc  senith,  or  incline  toward*  the  boriaon.  poriant  discoveries  made,  where  no  instrutncnlM  arc  fixed 

Odliqv’E  Projection,  is  that  where  a body  is  projected  in  the  meridian, 
or  itnfH-dled  in  a line  of  direction  that  mahes  an  oblique  qf  ObeervatorUt. 

angle  with  the  hortx'mtal  line.  All  nations,  where  astronomy  has  been  cultivated,  box'*! 

Oblique  in  Navigation,  is  that  part  which  of  having  hud  observatories  at  an  early  period ; though 

incfudr»  the  application  and  calculation  of  oblique-angled  ancient  history  atVords  but  little  information  on  the  >uh* 
triangles.  ject.  It  was  not  indeed,  until  considerable  progn'k<>  had 

Oblique  Sphere,  in  Geography*  is  that  in  which  the  been  made,  both  in  astrouoiny  and  the  mecliajiical  arts, 
axis  is  oblique  to  tho  horizon  of  a place.  — In  this  sphere,  that  successful  attempts  i^ere  made,  uitherin  constructing 
the  equator  and  paralleU  of  declination  cut  the  horiaon  instruments,  or  erecting  oditkes  for  a»tronomicjil  purpost:«. 
obliquely.  And  it  is  this  obliquity  that  occasions  the  in*  The  first  observatories  of  man  were  the  fields  or  hills,  und 
equality  of  days  and  nights,  and  lha  variation  of  the  his  eyes  his  instruments ; and  bis  prt^nws  by  tln-'sc'  aids 
seasons.  See  Srit  ere.  alotiu  was  astouisbing.  The  instruments  of  aiu  ieiit  aviro* 

OBLIQUITY,  that  which  denotes  a thing  oblique.  noraers  were  very  lai^e,  and  of  rude  construction;  mostly 
Obliquity  the  Eciiptk^  is  the  angle  which  tho  of  wood,  and  some  of  stone.  They  comisfed  chiefly  of 
ecliptic  makes  with  the  equator.  See  EcLimc.  gnomons,  dials,  and  astrolabes  ; and  long  tubes,  like 

OBLONG,  sometime*  means  noy  figure  that  it  longer  telescopes,  were  used  to  assist  the  sight.  For  the  same 
than  it  is  broad  ; but  mure  properly  it  denotes  a rectangle,  purpose  deep  wells  were  also  svink  in  dry  placet,  from 
or  a rightsioglcd  parallelogram,  whose  length  exceeds  its  the  bottom  of  which  thesiarsmight  be  seen  iniheday-time. 
breadth.  Most  buildings  foraatronomical  observations  were  of  great 

Obluko,  is  alto  used  for  the  quality  or  species  of  a altitude,  and  chiefly  erected  in  very  high  situations, 
figure  that  is  longer  than  it  is  broad  : as  an  oblong  spba-  In  Chaldiua,  a country  celebrated  in  tbo  early  annaK 
ruid,  formed  by  an  ellipic  revolved  about  its  longer  or  of  astronomy,  the  lofty  temple  of  Bolus,  or  tower  of 
transverse  axis ; in  contradistinction  from  the  oblate  sphe-  Babel,  was  used  as  an  observatory.  And  in  Egypt,  tlia 
roid,  or  that  which  is  flatted  at  its  poles,  being  generated  famous  tomb  ofOsymandias  was  applied  to  the  same  pur* 
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po*t‘.  This  buildir>f(,  it  his  b<*cr»  Mid,  conlainid  a poldcn 
Of' gilded  circle,  for  celestial  obscrvaliow,  which  was  365 
cubits  in  circumference,  and  one  cubit  in  thickness. 

The  pyramids  of  Ks)pt  have  also  been  supposed  in- 
tended lor  ubscrvaiories;  and  in  support  of  tins  opinion 
it  is  argued,  that  (hey  were  built  to  face  the  four  cardinal 
points’.  The  oreal  height  ©f  these  pyramids  is  to  be  sure 
favourable  fur  celestial  observations,  whether  they  be  used 
as  gnomons,  or  for  the  purposes  of  astrology,  a favuuritu 
study  in  those  times,  and  which  chiefly  required  an  ac- 
curate view  of  the  rising  and  setting  of  stars.  It  is 
indeed  certain  that  practical  astronomy  was  much  im- 
proved in  Egypt,  particularly  in  the  famous  school  of 
Alexandria,  where  an  observatory  was  built  300  years 
before  the  Christian  era,  and  continue<l  for  more  than  live 
centuries  under  a succession  of  celebrated  names,  such  as 
Aristellus,  Ilippnrcbus,  Ptolemy,  Arc. 

The  Cliim*KMii)d  Genloo  nations  appear  to  have  made 
a very  early  progress,  Imth  in  the  theory  and  practice  of 
astronomy.  Those  people  have  traditions  and  vestiges  of 
ancient  obs<^rvatories,  on  which  ingenious  disc|oisiiions 
may  be  seen  in  Hailly's  History  of  Ancient  Astronomy, 
and  in  the  Asiatic  Researches,  by  Sir  Wm.  Jones,  by 
Messrs.  Hunter,  Bentley,  Colebrooke,  Sir  Robert  Burki*r, 
and  others. 

The  Hindu  institutions,  five  in  number,  were  con- 
structed nearly  at  the  same  period,  about  250  years  ago. 
They  were  built  by  order  of  the  emperor  Maiiommed 
Shab,  with  a view  to  reform  the  calendar  by  means  of 
astronomical  observations;  and  he  .chose  for  his  chief 
astronomer  Jeysing,  or  Jayasinha,  the  rajah  of  Ambbere. 
These  observatories  were  built  at  Delhi,  Benares,  Malta, 
Oujein,  and  Suva!  Jeypoor,  and  all  under  the  direction 
of  Jeysing.  The  observatory  at  Benares  may  be  seen  mi- 
nutely described,  by  Sir  Rob.  Barker,  in  Ibe  Philos.  Trans, 
for  1777,  where  he  has  given  several  plates  of  views,  both 
of  the  buildings  and  instruments.  And  as  all  ibe  other 
observatories  were  built  and  furnished  nearly  on  the  same 
plan,  his  description  may  bo  deemed  sufficient  for  the 
whole,  'rbe  instruments  are  quadrants  and  gnomons  of 
enormous  size,  built  of  stone,  of  must  excellent  masonry 
and  construction,  and  very  accurately  divided  and  cut, 
into  90  degrees  and  other  subdivisiuns.  The  quadrants 
are  of  different  sizes,  some  as  much  as  20  feet  radius. 

The  account  of  the  Benares  observatory  is  furthur  illus- 
trated by  Wm.  Hunter,  esq.  in  a very  elaborate  article  in 
ttif -Vsiatic  Researches,  vol.  5;  in  which  he  gives  a full 
andparticular  description  ©f  (he  other  four  Hindu  ubaer- 
Tatories. 

At  Pekin,  in  China,  an  imperial  observatory  was  built 
in  the  13th  century,  on  the  city  walls.  And  in  1669, 
father  Verbiest,  a missionary  jt*suit,  having  bci-n  made 
president  of  the  tribunal  of  (he  mathematics  there,  and 
chief  observer,  obtained  permission  from  the  emperor 
Cam-hi,  to  furnish  it  with  instruments,  a catalogue  of 
which  may  be  seen  in  Duhalde’s  Description  of  China. 

Other  utiicrvaiories  were  afterwards  built  in  China  by 
the  French  missionaries,  and  by  the  Portuguese  jesuits, 
who  .very  much  distinguished  themselves  by  their  improve- 
ments in  astronomy.  The  instruments  of  the  Pekin  ob- 
servatory arc  described  as  very  large;  but  the  divisions 
less  accurate,  and  the  contrivance  less  commodious,  (ban 
the  instruments  made  at  tiiat  period  in  Europe.  The  chief 
were,  a sextant  8 feet  radius,  a quadrant  0 feet  radius, 


an  azimuthal  boriion;.  aUo  a celestial  globe,  an  armillary 
zuthacal  ^here,  each  6 tecl  diameter. 

It  is  vaid  that  Copt'riiicus,  in  1540,  was  the  first  Euro- 
p<*an  who  set  an  in%trument  in  the  meridiHii.  But  it  is 
stated  by  Weidler,  BallK,  and  Custuid,  that  the  flrsl  re- 
gular observatory  in  Eur«'pe  whs  i rect«*d  at  Cassel  iu  156 1, 
by  William,  landgrave  ul  Hesse,  wbo  furnidu-d  it  with 
the  best  iitstrumenls  (he  age  could  afl'ord;  and  where  it 
is  said  he  msde  very  accurate  ob>ervaiioiis,  m concert 
with  his  friend  and  coneojamdetit,  lycho  Bruh6,  wbo 
was  then  fitting  into  great  fame. 

The  next  ol>seTvalory  in  Europe,  liiat  d«^HTves  parti- 
cular notice,  wav  that  of  Tycho  Brahe  himsell,  which  it 
seems  owed  its  origin  to  a very  extraordinary  cause,  the 
appearance  of  a new  star  of  the  flrst  magnitude,  in  the  con- 
stellation Cassiopeia,  it  was  seen  by  diticrrnt  astrono- 
mers about  the  lOih  Nov.  1572,  when  it  M^ciucd  to  break 
forth  iiislantHiieously,  which  added  to  the  great  a>tnmsH* 
ment  that  universally  prevailed  rin  the  oeeuMon.  It  was 
brighter  than  Jupiter  or  Venu  , when  near>  st  to  the  earth, 
and  was  visible  to  the  nak«d  eye  at  ond-day.  .\ftrr  a 
short  time  it  graduHlly  declined,  and  in  I6  iimnthvidtaliy 
disappeared.  I'ychd  Brahe  wua  so  imprcNsed  with  this 
phenomem>n,  that  he  (urm''d  (he  re^olutM’n  ol  making 
a new  and  accurate  catal  -gue  of  all  ihe  stars,  as  there  had 
been  nothing  of  the  kind  regularly  iMTUirmed  since  tho 
days  of  Hipparchus,  who,  it  is  n'markabic,  had  oeen  sti- 
mulated to  the  like  unilrnaking  by  a similar  cause,  that 
is,  by  the  sudden  appearance  and  disappearauce  of  a new 
star. 

For  this  purpose,  Tycho  Brabt  first  propped  to  settle 
at  Basle,  w hich  afli»rilcd  at  once  a pure  alino-phere,  and 
a ready  comrounicalion  with  the  learned  men  ofGrrmany, 
Italy,  and  France.  But  the  landgrave  of  Hesse  wrote  to 
Frederick  the  2nd,  king  of  Denmark,  enm-atiiig  him  to 
encourage  the  asirontimer  (0  remaiu  in  bis  own  country. 
In  consequi  ncc  the  king  assignc'd  to  him  (he  small  but 
fruitful  island  Hum,  or  Heven,  in  the  Sound,  as  a fit 
situation  for  aa  observatory,  and  conferred  on  him  also 
other  princely  cranisand  immunities : his  majesty  besides 
undertook  to  defray  the  charge  of  building  and  furnishing 
the  observatory  there,  w ithout  any  limilaiiun  of  expense  ; 
a munificence  which  has  immortalized  his  name.  The  first 
stone  of  the  observatory  was  laiii  the  8lh  of  August  1576, 
and  the  place  was  called  Granibourg,  or  the  Heavenly 
City.  It  was  a building  of  60  feci  square,  and  70  foct  in 
height,  with  four  towers,  all  contrived  for  astronomical 
purposes.  It  was  furnished  with  a noble  collection  of  in- 
struments, many  of  them  invenli*d  by  the  astronomer 
himself.  Hr  had  numerous  assistants,  whom  he  supported 
and  instructed.  Among  his  instruments  was  a celestial 
globe,  of  6 fci't  diameter,  said  to  have  cost  1000/.  It 
was  after  his  death  carru'd  to  Prague  ; ne.xt  to  Neis,  and 
lastly  to  Copenhagen,  where  it  was  burnt  in  the  great  con- 
flagration which  happened  there  in  1728.  Many  of. 
the  instruments  of  this  great  astronomer  were  long  pre- 
served, but  have  bAt  n gradually  Ipst;  and  bis  favourite 
city  Uranibourg,  which,  in  his  time,  wav  visited  by  kings 
and  princes,  has  been  long  a heap  of  ruins,  though  occa- 
siotully  visited  by  the  learned-  His  celebrated  sextant 
bus  been  cniisecrmteii  in  the  heavens  as  a constellation, 
under  the  brx'ast  of  the  Lion  : on  large  gh>bes  and  atlases 
it  is  marked  >SMtaiu  GroaiiV,  but  on  common  ones  only 
S<xt(tn*. 
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Wc  shall  now  proceed  to  notice  »omc  observatories  of  a 
more  modL>ni  date,  beginning  with  those  of  France. 

Frcnck  Ob$ervatorici. 

The  Roval,  or  now  Imperial,  ()bs«Tvntory  of  Paris,  was 
bnill  iu  1067.  U U lOo  fix‘t  in  hunt  by  1*20  feet  in  breadth, 
and  fX)  feet  high.  Its  vaults  arc  <X>  teet  deep;''so  that  it 
is  180  feel  from  mp  to  bottom.  A particular  description 
of  the  building  is  given  by  Blondel,  and  the  arrangu- 
nient  and  disposition  of  the  instruments  in  Bernoulli's 
I^ettrea  Asironomiqurs,  also  io  Lalandc’s  Astronomic, 
and  111  Motinier's  llistoire Odcsie. 

Besides  the  above  building,  new  rooms  have  been  coo* 
structed,  close  hy  the  side  of  tlie  observatory,  where  a 
large  transit  instrument  and  circle,  by  Ramsden,  have 
boeii  set  up.  In  17^8  new  vaults  wire  made,  and  also  a 
small  observatory  erected  on  the*  top  of  the  building, 
which  commands  an  extsiivivr  view  ot  the  honsim  ; and 
the  king  (Louts  the  l6th)  established  three  observers  here, 
that  the  course  ofobsenatiuns  might  as  little  as  possible-be 
interrupted. 

* The  following  account  of  other  observatories  at  Paris, 
given  by  Lalandeiii  179>«  worthy  oi  notice  here,  as  in- 
teresting in  the  hi«tory  of  practical  astronomy. 

'I*be  astronomers  ol  the  Atudemy  bad  beside  several 
private  observatories  erected  in  dilTvrenr  parts  oj  Pans,  as 
the  royal  obsi-rvatory  wsn  not  sutlicient  lor  all.  That  of 
Motmier  has  been,  troiu  the  year  I74'2,  in  ibo  garden  of 
the  Capuchins.  Ibat  of  the  Marine,  which  Jos4-ph  de  I'lsle 
used  in  1748  at  the  Hotel  de  Clugny,  occupied  by  M. 
Mi'ssier.  That  of  l.acaille  still  exists  in  the  Masarin*coU 
lege.  'I'hat  of  the  palace  of  Luxembourg  is  above  the 
port  Royal.  Joseph  de  Lisle  observed  there,  and  Lalaiide 
likewise  occupied  it  for  some  time.  'I'bat  of  M.  Pingre 
at  the  abbey  of  St.  Gen6ii^ve  was  built  in  1736.  There 
is  one  of  Cagnoli's  rue  de  Ricblieu,  which  this  able  as- 
tronomer built  at  his  own  expense  in  1785,  when  he  still 
resided  at  Paris. 

The  observatory  of  the  military  school,  built  for  M. 
Jeaurat  in  1768,  was  occupied  afierwardsby  M.  d'Agelet. 
The  late.  M.  Hergcrei,  receivcr^eneral  of  finances,  con- 
structed in  1774  a large  mural  quadrant  of  8 English  feet 
radius,  the  last  and  the  best  instrument  made  by  the  cele- 
brated Bird.  This  instrument  was  obtained  by  the  mili- 
tary academy,  as  well  as  an  excellent  transit  instrument, 
and  a parullactic  telescope.  M.  d’Agelet  made  a great 
number  of  observations  therefrom  1778  to  1785,  when  be 
left  it  to  make  a voyage  round  the  world  with  La  Perouse. 
In  178B,  the  changes  made  in  the  military  school  occa- 
sioned thf  domuiition  of  this  observatory ; but  it  has  been 
rebuilt,  H little  more  to  the  west,  with  all  necessary  atten- 
tion an<l  expense, so  that  It  is  the  roost  complete  observa- 
tory at  Parts.  Lalandc,  having  received  the  direction  of 
it,  l>egan  in  1789  to  make  a series  of  observations. 
M.  le  Francois  Lalaode,  his  relation  and  pupil,  has  also 
fMde  a prodigious  number  of  observations;  and  they  ob- 
served, in  1791,  more  than  ten  thouMtod  northern  Kars, 
with  e.xcellent  insirurocnu.  An  observatory  was  built  in 
1775,  at  the  Ro^]-cn]!cge,  for  the  use  of  the  professor 
of  avtrnnomy  of  this  celebrated  school.  M.  Geofifroy 
d’Avvy  built,  in  1788,  an  observatory  at  his  house,  rue  de 
Paradis,  which  was  used  by  M.  Dclambre. 

Such  was  the  slate  of  observatories  at  Paris  in  1792* 
At  present  (1813)  L>e1ambro  is  the  chief  of  the  imperial 
university.  Messier  and  Biot  succeeded  him  at  the  Royal- 
college,  now  the  College  dr  France.  Burckhardt  is  astro- 
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nomera^tbe  military  school;  Lefran^ois  Lalande  resides 
at  the  Place  de  Cambray;  and  Bouvard  superintends  ibo 
imperial  observatory,  assisted  by  Aragon. 

It  may  be  noticed  here,  that  the  famous  mural  qua* 
drant,  with  which  Lalande  and  his  relation  determined  the 
position  of  a great  number  of  stars,  as  above-mentioned, 
has  been  consi-crated  in  the  heavens  as  a constellation,  and 
is  placed  between  Hercules,  the  Serpent,  and  Bootes.  It 
is  marked  Quadraiis  Muralis,  and  contains  40  stars. 

The  following  were  the  other  observatories  established 
in  dificrent  parts  of  France,  as  stated  by  Lalande. 

The  Afarteilles  observatory,  which  has  been  rendered 
famous  by  the  observations  of  Sylvabelle. 

At  Tba/naw,  the  observatory  of  M.  Oarquier  has  been 
made  sacred  by  the  zeal  and  abilities  of  this  learned  man. 
Observatories  have  also  been  built  io  the  samecity  by  M. 
Garipuy  and  M.  Bonrepos.  Here  astronomy  has  been 
more  successfully  cultivated  than  in  any  other  provincial 
city  in  France.  The  principal  observatory  is  at  present 
(1813)  under  the  superintendence  of  M.  Vidal. 

At  the  College  observatory,  which  was  built  by 

father  St.  Bonnet,  u a very  fine  edifice,  on  an  elevated 
situation. 

At  Dijotif  M.  Neckcr,  about  Uic  year  1^80,  converted 
the  tower  of  the  king's  lodge  to  an  observatory,  and  the 
abbe  Bertrand  has  made  very  accurate  observations 
there. 

At  MompflUcr  there  has  lung  been  an  observatory 
erected  on  one  of  the  lowers  of  the  city  ; where  M.  Ratte 
and  Poitevin  have  distinguished  tbcroselvcs  as  able  astro- 
nomers. 

At  Bniert,  the  bishop’s  tower  was  converted  to  an  ob* 
Krvatory,  where  some  interesting  obM*rvutions  have  been 
made  by  M.  Bouiller,  particularly  on  Saturn's  ring. 

At  jlvignofif  an  observatory  was  built  by  father  Donfa 
so  early  as  1083;  and  it  has  been  since  occupied  by  a 
succession  of  learned  ecclesiastics,  who  have  distinguished 
themselves  in  practical  astronomy. 

At  Strasbnrg^  Brackenhofier,  professor  of  mathematics, 
had  an  observatory  oyer  the  gates  of  the  city,  and  be  has 
been  succeeded  by  Herzeiischneider  in  179()- 

At  Bourdfoux  18  an  observatory  75  feet  high,  and  20 
foot  square.  It  is  situated  in  the  fine>t  part  of  Tournay, 
in  latitude  45°.  Here  M.  Turgot  procured  a conipicte  set 
of  observations  to  be  made  on  the  length  of  a pendulum 
vibrating  seconds  ; upon  which  lather  Hoscovich  has  made 
an  interesting  memoir. 

At  Dir$t  a small  observatory  was  built  for  the^aval  aca- 
demy, aii<l  plans  have  been  set  on  foot  for  erecting  a more 
considerable  edifice. 

• At  Rouen  there  is  an  observatory  belonging  to  M.  Buuin, 
in  which  he  has  made  many  good  observatioru. 

At  yfontauban  the  due  de  la  Chapellc  founded  an  ob- 
servatory, where  he  himself  has  made  many  accurate  and 
intereslingobservations,  particularly  of  the  iransitufVcnus 
over  the  sun  to  IZb'P- 

(j'erman  Obiercatories. 

In  Germany  a great  number  of  ubsvrx atories  have  been 
established,  and  that  country  has  produced  also  several 
very  able  astronomers. 

At  Ber/jff,  Frederic  the  1st,  king  of  Prussia,  founded  an 
observatory  in  1711,  under  the  direction  of  Leibnitz,  who 
was  president  of  the  Academy  of  Sciences  there.  It  js  a 
large  square  tower,  very  steady.  Here  Gnschow  and 
Kies  made  various  observatious  : and  Lalandc  also  ol>- 
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served  here  the  year  wbtTe»  he  he 

raised  enoermfus  pillars,  to  which  he  attuched  the  mural 
quadrants,  north  and  south.  (Memoirrs  dc  rAcadeoiie, 
1761  rmd  175!2.)  KifigFndcric  the ‘2d  added  a scry  tine 
building  tu  itt  where  the  Academy  ut  Sciences  ot  Fru&sia 
has  held  its  asstniblics.  M.  Uodu  has  been  many  years 
the  astronomer-royal  there,  and  Ins  distinguished  hnnself 
* both  as  an  accurate  observer,  and  as  the  puhlishet  of  the 
most  compleie  celt'Stiul  atlas  extant, entitled  Uranitgiophia, 
which  is  accompanied  with  a well  arranged  catalogue  of 
the  stars,  and  an  interesting  history  of  the  constelUtions. 

At  f senna,  the  emprr>s  Maria  'I'heresa  built  an  observa- 
tory in  the  year  1766  for  the  university,  and  furnished  it 
wi^  many  supiTb  instrumenU.  There  ii  aivo  one  be- 
longiug  to  the  academical  college,  which  was  built  and 
endowed  by  the  Jesuits  in  1736,  and  it  is  also  t'urmshed 
with  very  tim' instruments,  cbiclly  made  by  F.tiglidi  artists, 
and  a succession  ofsery  learned  men  have  obseived  there. 
The  reputation  of  the  university  nbaorvatory  was  niauitam- 
ed  for  many  years  by  thcabbe  .MnxiinilMii  Hell,  who  con- 
ducti'd  the  X ienna  Kphemeris,  ami  the  work  is  now  con- 
tinued by  M.  Treisneckic,  his  suCemor. 

At  (iouingm  there  is  an  observatory  memorable  by  the 
labours  of  Tobias  Muy  er,  and  by  thine  mure  recently  of 
Harding,  wIh)  discovered  the  planet  Juno  in  Ibttt. 

At  A'(irrm6<Tg  an  observatory  was  built  so  early  as  the 
year  l(i7d»  <>nd  another  in  M.Zimmert  and  M. 

IVuszelbau  have  distinguished  themselves  here  both  as 
able  authors  and  accurate  observers. 

At  Guse/an  observatory  was  built,  in  1714,  by  Charles  i, 
landgrave  of  Hesse,  heir  to  the  territories  and  taste  of  Uic 
celebrated  William,  the  early  friend  and  lelluw-labourer  of 
Tycho  Brahe.  • 

Ih  1740  an  observatory  was  built  at  Grif<4m  ; and  in 
176s  at  Ourtsbourg,  in  Franconia.  In  1788  one  was 
built  at  Leipsic,  on  an  old  tower  of  great  brmness.  Ob- 
aiTvatories  have  been  also  erected  and  supported  w ith  great 
credit  at  Manbeim,  Cremsmunster,  Lambach,  Polling, 
Prague,  and  Grutz. 

At  Bran€H  there  is  an  observatory  belonging  to  Dr. 
Olbers,  an  eminent  physician,  wbo  has  rendered  his  name 
immortal  by  the  discovery  of  the  two  new  planets,  Pallas 
. and  Vesta. 

At  Ulienthait  near  Bremen,  M.  Schroeter,  governor  of 
the  district,  erected  an  observatory  about  the  year  1786, 
and  furnished  it  with  excellent  instruments.  Ho  is  highly 
celebmtc'd  .'IS  an  accurate  and  interesting  obsers'cr.  puiti- 
eularly  odithe  surfaces  and  rotatiom  of  the  plancls  and  the 
moon.  He  approaches  nearer  than  any  ot^r  astronomer 
to  Dr.  Her^chel  in  telescopic  discoveries. 

At  Se<bfrgj  near  Gotha,  a consitlcnible  obeorvatoiy  was 
built,  in  the  year  1788,  by  the  duke  of  Saxe  Gotha,  and 
he  appointed  M.  Zach,  now  baron  Zach,  the  superiniend- 
ant,  who  has  highly  distinguished  himself  as  a profound 
•nd  accurate  astronomer.  In  1798  he  was  visiu^d  by  La* 
lands,  when,  according  to  Vniron  (Histoire  de  PAstro- 
nomie,  pa.  369),  all  the  gri-ai  a*)tronomcrs  of  Germany 
met  at  Gotha,  to  see  the  patriarch  of  astronomy,  and  to 
pay  him  their  homage.  This  observatory  it  reckoned  one 
of  the  most  beautiful  and  complete  in  Europe;  it  is  situ- 
ated on  a hne  cK*vation,  about  a league  from  the  town. 
There  is  here  a large  .transit,  with  two  murals  of  8 feet 
radius,  and  a circle  of  8 feetdiameter,  all  by  Ramsden  and 
bis  successor  Berge. 

At  Brmtwick  there  is  au  obsenatory  belonging  to  Dr. 


GauM,  well  known  by  bis  deiermiiiarions  of  the  orbiuof 
the  new  planets,  and  other  miportam  labours. 

In  Hungary  there  are  nb«ervatories  ai  Huda,  Tyrnay, 
and  Eriau.  hicnilar  cstabhshtnunu  arc  also  at  GrcijfftUfaUie 
iu  Pomerania,  and  sl^Jittau  in  Courlaiid. 

In  PoiMHd  there  is  an  observatory  at  CVocou-,  and  an- 
other at  Wilnn:  the  lalliT  was  byilt  and  richly  endowed 
by  the  cuuiiieas  Piizynina,  a lady  of  fine  genius  av  well  as 
liberality.  It  was  finishid  in  1763.  and  the  irntrumcnis 
with  which  it  is  funmlicd  were  of  great  variety  and  value. 
In  I/C6  the  king  of  Poland,  by  li  tters  patent,  gave  it  the 
title  of  Royal  obsiTvalnry,  and  appuniteil  the  learned  Jesuit 
Poccobul  astronomer-royal,  who,  in  1788,  added  another 
observatory,  which  he  furnished  with  new  inslruiueuis, 
chiefly  made  hy  Uamsilcn. 

In  Sxicden  observatories  hare  been  built  at  Stockholm 
and  Upval:  that  at  Stockholm  was  founded  in  1746,  by 
Uie  Academy  of  Sciences.  In  1763,  Wargeniin  wa»  ap- 
pumied  astronomer  to  it,  and  in  1783  he  was  succeeded 
by  Nicander.  '1  (lisobsiTvatOry  is  huuated  on  a hill  north 
of  the  town,  and  conuins  u good  collvciioa  of  instru- 
roents,  all  made  by  English  artists. 

’I'hc  observatory  at  t'ptul  was  built  and  endowed  in 
1739  by  the  king  ot  Sweiicn : it  wus  lirst  sU|M'nnuiul(d  by 
the  celebrated  CtUius,  who  hns  bi-i-ii  f'dlowid  by  n succi'S- 
siuctofabii-  aslmnonn rs. p<.rticularly  ilonkerand  Wurgen- 
tiii.  'J'hc  latti-r  is  well  know  n as  the  author  of  the  labies 
of  Jupilrr's  sauIiitM. 

Al  Djnttic  liicro  was  an  old  observatory,  celebrated  as 
having  binm  u>ed  by  Htvelius,  who  has  given  a lull  de- 
scription of  it  ill  bis  work,  cniuleti  MachmaCcclrsiis.  A 
new  observatory  was  also  built  tn  that  city  in  the  year  1778, 
which  IS  at  present  superintended  hy  Dr.  Wolff. 

At  CopenAoiitn  the  famous  ustronomical  lower  was 
finished  in  I666'.  It  vvas  built  by  King  Christian  iv,  at  the 
nicommcndation  of  Longomoiitanus,  and  has. been  for 
many  years  under  the  management  of  Mr.  Bugge,  who  ia 
celebrated  as  a very  able  astronomer.  In  his  collection 
of  observatories,  he  states  that  the  kings  of  Denmark  bad 
calablishcd  observatories  ml  Norway,  Iceland,  and  Green- 
land. ^ 

In  HoiUind  attention  was  paid  to  practical  astronomy 
while  it  was  n maritime  state;  but  the  science  has  of  late 
been  much  neglected.  In  I69O  an  observatory  was  en  cted 
on  tho  college  of  the  university;  and  at  Utrecht  an  an- 
cient tower  was,  in  1726,  converted  into  an  observatory. 
Here  the  celebrated  Van  Musschenbrovk  observed  for 
many  yean  with  great  accuracy,  and  he  was  succeeded  by 
M.  Hennerl.  • 

hi  Spain  nbtervatories  have  been  built  at  Cadiz,  Madrid, 
Seville,  and  Cartbugena.  The  ub»ervaliunv  made  ulCudic 
(at  the  Marine  academy)  by  Miguel  and  Vanlla,  have 
been  published  in  two 'volumes,  which  also  contain  a cata- 
logue of  the  instruments  of  the  oliscrvatory,  chiefly  con- 
structed by  French  artists ; aud  bi  iice  th<-  observatories  of 
Spain  difier  verv  little  from  thos*.  of  France.  Of  late 
years,  however,  Buglish  irntrumruts  have  bcin  mtroiluced 
there. 

At  Litbcn,  in  1728,  King  John  tlie  5tl.  hud  an  observa- 
tory erected  at  bis  palace,  which  was  well  ftiriiivbed,  and 
accurate  observations  have  been  maile  there  by  the  Je- 
suits, who  also  erected  an  obsi  rvatory  at  thrir  own  col- 
lege of  St.  Anthony,  where  father  Carbon,  in  1726',  made 
good  observations  on  the  satellites  of  Jupiter.  See  Phil. 
Trans,  vol.  36,  pa.  408. 
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til  17S7,  a i;oyil  obM?rvatury  uat  coiistructrU  at  the 
Chateau  dcSLOeurge>  ia  Lisbon,  which  was  superintended 
by  M.  Cusludiu  Goroex.  There  is  als^i  one  at  Coimbra, 
w hich  contains  a Ano  ei|uatorial  by  'I'roughton. 

At  Pciertimrg  an  observatory  was  built,  in  1723,  by  the 
esar  Peter,  who  showed  great  seal  foracience  in  gciu'ral, 
and  particularly  for  astronomy.  When'  be  was  in  Kng« 
land,  some  yean  before  that  period,  ho  visited  the  Ilo^al 
Ob$en*atory  at  Greenwich,  where  he  examined  both  the 
building  and  the  instruments  with  very  great  attention. 
The  observatory  which  be  afterwards  built  is  one  of  the 
loou  magniticenl  in  Kurope.  It  is  130  feel  high,  with 
three  stories,  all  At  for  astronomical  purposes.  M.  Dc- 
lisie  has  made,  according  to  l^lande,  a great  number  of 
excellent  ohscryutions  here,  which  arc  preserved  in  manu* 
script  in  ihi-  marine  dep^t. 

At  ;)fosrov  an  observatory  was  built  a few  years  ago, 
and  furnished  with  some  excellent  Knglish  instruments, 
chirAy  by  Cary;  but  it  is  probable  that  they  have  been 
destroyed  in  the  late  contlogration  of  that  city. 

Ill  ttafy,  practical  astronomy  has  been  cultivated  with 
touch  assiduity  aiul  success  during  the  last  century,  cbieAy 
by  ecclesiastics,  and  particularly  by  the  Jesuits. 

At  Rome,  cardinal  /I'lada  constructed,  at  hTs  own  ex- 
penve,  on  the  southern  part  of  the  Roman  college,  a very 
Ane  ub^ervitiory,  with  the  Urge  sc'CLur  of  father  Boscovicb, 
and  other  instruments  by  Rainsden  and  Dollond.  The 
ahbe  Calandrelli  observed  here  with  great  attention  and 
accuracy  for  many  years.  Other  buildings  of  a similar 
description  have  b^ii  erected  in  diflerent  parts  of  Rome. 

At  Bologna  a magniAceni  observatory  was  built  in  1714, 
in  the  palace  of  the  Institute,  by  the  muniAcence  of  the 
celebrated  count  Marsigli;  and  pope  Benedict  14  gave 
afterwards  a large  sum  of  money  towards  the  purchase  of 
iriiitruincnis.  Here  u succession  of  able  astronomers  have 
observed,  among  whom  may  be  mentioned  Maufredi,  Za- 
notti,  Cuntersani,  6cc. 

At  Pita  the  observatory  is  in  the  form  of  a tower.  It 
was  built  in  1730,  at  the  cx|M-nse  of  the  university,  and 
supplied  with  superb  apparatus  made  by  bisson,  bhort, 
Graham,  Sec.  Perelli  observed  here  fur  many  years,  and 
had  for  a successor  M.  Slope,  who  published  an  excellent 
collection  of  observations  in  1789. 

At  Milan  there  is  an  observatory,  which  is  reckoned  on0 
of  the  most  useful  in  Italy.  It  was  built  in  1765,  at  the 
cost  of  the  college  of  the  Jesuits,  fbicAy  through  the  zeal 
of  father  Pallavicini,  and  under  the  direction  of  father 
Boscuvich,  who  also  contributed  liberally  to  the  expense. 
The  instruments  have  been  made  with  great  care  by  the 
principal  Krcticliand  English  artists.  Among  the  observers 
uiay  be  also  mentioned  Reggio,  Ortani,  and  Cesaris. 

At  Florence,  fatjier  Ximenes  erected  an  obsenatory  at 
the  college  of  Jesuits,  which  contains  a quadrant  by  Tos- 
canelli,  larger  than  any  other  known,  with  whicli  he  made 
observations  to  prove  the  secular  diminution  of  the  obli- 
quity of  the  ecliptic.  At  bis  death  be  beijuraihed  the 
whole  to  the  college.  In  1772  the  gratul  duke  Li’Opold 
built  an  observatory,  which  M.  Fontana  superintended,  and 
in  1 7 86  several  Anc  instruments  by  Kamsden  were  added 
to  it. 

At  Turin  father  Beccaria  erected  a small  observatory; 
but  in  179^  a large  one  was  built  at  a very  considerable 
e.xpcnso,  by  the  king  iA  Sardinia,  at  the  Royal  Collide  of 
Nobk-s,  ami  the  direction  of  it  given  to  the  abb^  Caluso. 

At  t’enice  an  observatory  was  constructed  by  fslbcr 


Panigai,and  a small  one  near  the  town  by  M.Miotti.  One 
was  also  built  at  Parma  by  father  Relgmdo,  and  another 
at  Bretcia  by  father  Cavalli. 

At  Perona,  Cagnoli,  eminent  both  as  a mathematician 
and  astronomer,  erected  an  observatory  at  bis  own  ex- 
pense, in  1787,  and  placed  in  it  the  best  instruments,  with 
which  he  has  made  very  accurate  and  important  observa- 
tions, particularly  on  the  precession  of  the  cquinoxe#,  and 
on  the  places  of  473  northern  stars,  and  26  southern,  of 
which  he  has  made  a catalogue.  ■ In  these  determinahonfl 
he  has  been  perhaps  more  attentive  than  any  other  astro- 
nomer to  the  minute  changes  of  refraction,  and  to  the 
aberration  of  light. 

At  Padua  there  is  an  observatory,  which  in  1778  was 
furnished  with  instruments,  chieBy  made  by  Rarosd^n.  It 
has  been  many  years  under  the  direction  of  M.  Toaldo, 
who  has  published  several  useful  works,  especially  a treat- 
tiso  on  meteorology,  which  gained  him  the  prize  at  the 
academy  of  Monlpdiier. 

In  tome  of  the  islands  of  the  Mediterranean  ob^rva- 
lorics  have  also  been  established.  .We  shall,  however,  no- 
tice only  those  of  Malta  and  Sicily. 

In  1783,  the  grand-master  Emmanuel  de  Rohan,  an 
amateur  and  i-nlighte/K'd  protector  of  scU-nce,  invited  to 
Malta  chevalier  a skilful  astronomer,  who  con- 

verted a tower  of  ^H|>alace  into  an  observatory,  which 
was  furnished  with  fhe  Anest  instruments  that  could  be 
procured.  In  a few  years  be  made  a great  number  of  va- 
luable observations,  which  he  iHtcnded  to  publish,  but  io 
March  1789,  the  observatory  having  caught  Are,  the  in- 
struments wcfc  bruLeo,  and  the  papers  burnt,  a serious 
loss  to  astronomy,  pariiculaily  as  this  was  the  most  souUi^ 
ern  observatory  of  Europe,  in  latitude  36*^. 

At  Palermo  an  observatory  was  constructed  in  the  pa- 
lace of  the  viceroy,  under  the  direction  of  father  Piazzi, 
who  went  to  Paris  in  1787  to  study  astronomy,  and  who 
afterwards  visited  England,  in  order  to  consult  the  prin- 
cipal artists  on  the  construction  of  irulruroents.  In  1769 
he  returned  to  Palermo,  and  added  to  the  apparatus  a Ane 
transit  instrument,  and  a completc^irclc,  made  by  Raios- 
dcn.  His  Arsl  labours  were  directed  to  the  formation  of 
a correct  catalogue  of  stars,  and,  as  a foundation,  he  chose 
Wollaston*!  catalogue,  and  particularly,  as  bis  chief  points 
of  reference.  Dr.  Maskelyoe's  36’  stars.  The  positions  of 
some  of  the  larger  stars  he  veriAed  by  nearly  a hundred 
observations,  and  in  the  prosecqjpon  of  this  task,  io  1801, 
be  discovered  a new  planet,  which  he  named  Ceres,  io  ho- 
nour of  Sicily,  as  that  island  was,  on  account  of  its  ferti- 
lity, anciently  consecrated  to  the  goddess  Ceres.  Thif 
discovery  was  the  mere  important,  as  it  excited  the  curio- 
sity and  research  of  dtber  astronomers,  by  which  three 
mure  planeu  have  been  since  discovered. 

Englitk  ObecTvatoriet. 

The  Greenwich  Obtentatory,  or  the  Royal  Observatory 
of  England,  was  built  and  endowed  by  King  Charles  ii, 
who,  to  use  the  words  of  Bailiy,  **  weU  knew  how  essen- 
tial astronomy  was  to  a maritime  and  cotnnercial  people 
like  the  English,  who  aspired  to  the  empire  of  the  seas.** 
This  building  was  erectcsl  on  the  site  of  the  ancient 
moated  tower  of  Duke  Humphrey,  uncle  to  Henry  6,  and 
the  Arst  stooe  of  it  was  laid  Aug.  10,  1073,  by  Mr.  Ham>- 
steed,  who  had  been  apfiointcd  asli  onomer-royal.  IHs 
situated  on  the  highest  coiiacncc  of  Greenwich  park^ 
about  160  feet  above  low-water  mark.  Thu  soil  here  ia 
particularly  favouxable  for  such  an  irutilutioo,  being  of  a 
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flinty  gravel,  through  which  the  r*iin  soqn  pnses,  ami  tbuf 
the  alinoiphorc  is  generally  Hrj’,  which  contributea  to  the 
pn*%ervaiiun  of  the  inslr  uineiiU,  as  well  as  to  the  uniformity 
of-  refraction. 

This  cbtahlishment  comprehends  two  principal  build- 
ings, one  of  which  is  the  observatory,  and  the  other  the 
dwelling-house  of  the  astronomer-royal.  The  observatory 
is  an  oblong  edifice,  running  cast  ami  west,  and  containing 
four  mom*  or  apartments  on  the  ground-tWr.  The  first, 
or  most  easterly  room,  Has  been  lately  erected  for  the  re- 
ception and  fitting  up  uf  a very  fine  transit  circle,  by 
Troughtou,  and  a clock  of  great  value  by  Hardy. 

The  next  apartment  is  the  transit  room.  It  has  a double 
sloping  roof,  with  sliding  shutters,  wiiich  are  opened  both 
north  and  south,  with  great  ease,  by  pulleys.  The  transit 
instrument,  which  is  S feet  long,  and  tlie  a.xis  3 feet,  is 
suspended  oil  two  stone  pillars.  This  instrument  it  fa- 
mous as  having  been  used  by  ilallry,  Bradley, and  .Maske- 
lync.  It  was  originally  made  by  Bird,  ami  bas  been  suc- 
cessively improved  by  Dollond  and  Trooghion.  The  as- 
tronomical or  transit  clock,  which  is  attached  to  a stone 
pillar.  Was  made  by  Gruhatn,  and  has  been  rendered  very 
accurate  by  Earnshaw. 

The  third  apartment  is  the  assistant  observer’s  library 
and  place  for  Calculation ; and  ihC  latsiern  apartment  of 
the  building  it  the  quadrant  room.  Here  is  erected  a stone 
pier,  running  north  and  south,  to  which  arc  atiached  two 
mural  quadrants,  each  of  8 feet  radius,  'ihat  on  the 
eastern  face,  which  observes  the  southern  meridian,  was 
made  by  Bird,  and  the  other,  which  observes  the  northern, 
by  Graham.  Suspended  to  the  Wi-siern  wall  is  the  fa- 
mous senith  sector,  with  which  Bradley  made  the  obser- 
vations at  Kew  and  Wanstead,  that  led  to  lbe*discovcries 
of  the  aberration  of  light,  and  tbc  nutation  of  the  earth’s 
axis.  • 

South  of  the  quadrant  room  is  o small  wooden  building 
for  making  occasional  observations  in  any  direction,  where 
only  the  use  of  a telescope,  and  an  accurate  knowK-dge  uf 
the  time,  are  required.  It  is  furnished  with  sliding  shut- 
ters on  tbc  roof  and  sides,  to  view  any  point  of  the  liemi- 
sphere,  from  the  prime  vertical  down  to  the  southern  ho- 
rizon. It  contains  some  excellent  telescopes,  parliculatly 
a forty-inch  achromatic,  with  a triple  object-glass,  and  a 
fivc-fectaciiromatic,  bulb  by  Dollond  ; with  a six-feet  le- 
flector,  by  Dr.  Herscbcl. 

To  the  ruirtb  of  the  observatory  and  cast  of  the  house  are 
two  small  buildings  covered  with  hemispherical  sliding 
domes,  in  each  of  which  is  an  equatorial  sector,  by  Sisson, 
and  a clock,  by  Arnold.  These  arc  chiefly  used  for  ub- 
aerviog  comeU,  ^ " 

Of  the  dwelling-house,  the  lower  apanments  are  nreu- 
pied  by  the  astronomer-royal,  and  over  them  is  a large 
octagonal  room,  which  contains  a great  variety  of  ahtrono- 
jnieal  instruments,  with  a library,  consisting  chiefly  of 
scientific  and  scarce  works.  On  the  top  of  tbc  house  is  an 
excellent  camera  obscura.  which  could  not  be  U lu  r plau-d 
for  tbc  exhibition  of  interesting  objects. 

In  Flamsteed’s  lime  a well  was  sunk  in  the  sc^ulh-east 
con>cr  of  what  is  now  the  garden,  behind  the  olMT^atory, 

Cor  the  purpose  of  seeing  the  stars  in  the  day-Iiinr,  and  ob- 
serving the  earth’s  annual  pHrallnx.  It  was  a huiulnd 
feet  deep,  with  stone  stairs  down  to  the  bottom : biit  it  bus 
bevn  long  arched  over,  as  the  iroprovcmenls  in  the  tele- 
scope have  rendered  it  unnecessary  for  astronomical  pur- 
poses. 


The  observations  made  at  the  Hoyal  Observatory  are 
universally  allowed  to  possess  an  unrivalled  degree  of  ac- 
curacy. M.  DclambVe,  in  a paper  composed  by  him  .<m 
the  life  and  labours  of  Dr.  Maskelynt,  and  read  befort-he 
National  institute,  Jan.  4,  1813,  makes  the  following  rc- 
maik.  He  (Dr.Maskt-ly  ne)  has  given  a catalogue  of 
stars,  not  numerous,  but  so  accurate,  as  to  have  5»crved, 
almost  solely  for  the  last  30  years,  as  the  foundation  of  all 
astronomical  rcsearcht's.  In  short,  it  may  be  said  of  tba 
four  volumes  of  ObHTvalioiis  which  he  has  published,  that 
if,  by  a great  revolution,  tbc  sciences  should  be  lost,  and 
that  this  collection  only  were  sav(-d,  there  would  be  found 
in  it  sufficient  materials  to  construct  almost  an  entire  edi- 
fice of  modern  astronomy;  which  cannot  be  said  of  any 
other  collection." 

The  following  are  the  names  of  the  astronomers  who 
have  officiated  here  in  >ucci*ssion,  with  the  times  of  their 
services  resp<*Ctively : Flamsteed,  43  years;  Halley,  23 
years;  Bradley,  20  years ; Bliss,  2 years;  and  Maskelyne, 
46  years.  Maski-lync  has  been  succeeded  ly  John  Pond, 
Esq.  r.R.s,  wbowasappointed astronomer-royal  inl'ebrur 
ary 

Dr.  Hewchcl’t  Observatory  at  Slough,  near  Windsfir, 
though  not  a fixed  one,  will  ever  claim  a distinguished 
place  in  the  history  of  astronomical  iiisiitutiuns.  It  diders 
from  all  oilier  observatories  in  plan  and  apparatus ; and  it 
exceeds  all  others  in  the  number  of  its  discoveries. 

In  describing  this  observatory,  it  should  be  premised, 
that  Dr.  Herschel’s  labours  derive  a peculiar  character 
and  interest  from  the  circumstance,  that  his  discoveric-s  are 
the  result  of  his  own  inventions.  For  to  his  profound 
knowledge  of  astronomy  he  unites  that  uf  optics,  both  in 
theory  and  practice,  by  w hich  he  has  been  enabled  toca^t 
and  polish  mirrors  for  reflecting  telescopes,  greatly  su- 
perior to  any  others,  not  only  in  magnifying  power,  but  in 
collecting,  or,  as  it  were,  preserving  light,  by  which  vision 
is  wonderfully  extended,  and  which  he  very  expressively 
dpnominnlcs**thc  power  of  penetrating  into  space."  'I  he 
telescopes,  which  are  all  made  under  his  direction,  are  of 
various  sizes,  from  two  feet  in  length  up  to  forty  feet,  and 
the  apparatus  and  machirw  ry  with  which  they  arc  mounted 
are  also  ot  his  invention,  and  exhibit  a very  ingenious  dis- 
play of  mech  inism. 

* As  his  larger  telescopes  could  not  be  conveniently  ma- 
naged within  the  cover  ofa  building,  they  are  mounted  in 
the  open  air,  where  they  stand  poiuiing  to  the  hcavctui  in 
diflerent  directions,  and  make  a most  magnificent  and  im- 
pressive appearance.  Thus  they  are  placed  in  what  hut 
b<‘en  calM  the  primitive  observatory  of  man,  **  non  sub 
tccto  scH  sub  ccelo  in  puro  dio." 

Ill*  largest  telescope  is  40  feet  long  and  5 in  diameter. 
It  contains  a mirror  of  about  a ton  weight;  and  this  great 
iuMrument,  with  nearly  an  additional  ton  of  cases,  &c, 
is  managed  by  a very  slight  force.  It  is  placed  on  a large 
circular  frame,  which  turns  on  rollers,  and  the  top  is  sus- 
pended b)  nipi-s  from  very  lofty  ladder-work.  Thu*,  by 
a system  of  wlx-els,  pinions,  racks,  and  pulleys,  the  mo- 
tions, both  huriz(>ntal  and  vertical,  are  given,  and  hence 
any  celestial  object  is  n-adily  found  and  commodioudy 
viewed.  It  was  finished  in  1787*  and  on  the  first  trial  a 
lU'w  satillite  of  Saturn  was  discovered  by  it,  and  a second 
soon  after.  A very  full  and  accurate  account  of  his  in- 
veiitiocfs  and  discoxefies,  as  well  as  A particular  description 
of  hi*  ult'seopea  and  their  apparatus  (with  plates),  will 
be  found  in  the  Philosophical  Transactions,  to  which  be 
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ha«  been  a most  important  contributor,  having  supplied 
mat  uork  \«ilh  ncnrly  70  cUborate  and  ingt'iiiuuscummu- 
nicatK<ns. 

1'mo  oI'  hi»  tvle&copcs,  of  smaller  size,  arc  famous  in  the 
annals  of  discovery.  Thc«tin»t  is  a iwo-fvel  Kewtunian 
rcHectur.  with  t^hlch  his  sister  Miss  Carolina  llvrschcl, 
uhosc  ahtruiiumlcal  attainments  do  great  honour  to  her 
st‘x.  discovered  six  comets;  and  the  other  is  his  seven-feet 
icfii'Ctor.  by  whicli  be  discovered  the  Gi'orgian  planet  at 
Bath,  in  I7hl.  This  telescope  has.  in  consequence  of 
the  discovery,  been  made  a cunstclUtion  iu  tlic  heavens 
with  the  universul  approbation  of  astronomers.  It  U 
placi-d  bctUTcn  Gemini,  the  Lynx,  anil  Auriga,  and  con- 
tains dl  stars.  la  Bodes  utlasjt  is  engraved  with  its  ap- 
paratus, and  marked  Telescopiuin  Uerschelii.  Dr.  llef- 
tcbcl.  though  in  his  7f>tti  year,  is  still  an  active  and  inde- 
fatigable otmMver.  He  was  born  at  Hanover,  Nov.  15f 
1738,  a period  wbich  will  be  ever  raeinuntble  in  l!ie  bistory 
of  astronoiny. 

‘iTie  AVajf  I pr/r«/tf  Ohervatory  in  Richmond  gardens  is 
extremely  beautiful  in  structure  and  apparatus,  as  well  as 
in  situation.  It  was  built,  in  1768,  by  order  of  bis  pre- 
sent majt^ty  George  3,  who,  it  is  said,  made  several  obser- 
vations here,  particularly  of  the  transit  of  Venus  in 
176i)*  It  contains  a htio  transit,  inatruraeni,  a zenith 
sector,  and  a mural  arc,  with  several  good  telescopes, 
especially  a tcn-feci  reflector  of  Dr.  Hcrschol*s,  Here  is 
a superb  equatorial  on  tbe  top  of  the  building,  which  is 
covered  with  a moveable  roof.  There  arc  al»u  two  fine 
orreries,  with  an  excellent  collection  of  philosophical  in- 
struments, (ind  some  cases  of  minerals  and  other  natural 
curiositiea.  It  was  built  under  the  direction  of  Dr.  Do> 
mainbray,  and  has  been,  for  some  years,  in  the  care  of 
Mr.  Rjgaud. 

Oxford  Obtavatory  is  a most  magnificent  structure, 
and  the  instruments  perfectly  correspond  with  the  building. 
It  was  begun  in  1772,  from  very  ample  fundi  bequeathed 
by  Dr.  RadchfTe,  and  the  land  on  which  it  stands  was  the 
gift  of  the  duke  of  Marlborough.  The  transit  instru- 
ment, which  Is  10  feet  lung,  shows  very  small  stars  in  the 
day-time.  It  is  said  to  hove  cost  150  guineas,  the  leiiith 
sector  200  guineas,  and  the  two  mural  quadrants  600 
guineas.  There  are  also  very  excellent  telescopes  and 
clocks  here,  the  former  by  Hcrscbcl  and  Dollond,  and  the 
latter  by  Shelton.  It  vas  built  under  the  direction  of  Dr. 
Hornsby,  professor  of  astronomy  in  the  university,  who 
ubsened  livre  fur  many  years,  and  he  has  been  succeeded 
by  Dr.  Robertson,  the  present  worRiy  professor  of  aslro- 
Doniy.  I'he  observations  are  all  registered,  oiid  consist 
cbieily  of  tbe  right  ascensions  and  zenith  distances  of 
the  sun,  moon,  planets,  and  fixed  stars.  In  Dr.  Horns- 
by's time,  the  registry  was  sometimes  broken  from  ill 
health;  for  he  had^tio  assistant  observer;  but  one  bas 
^ern  of  late  added  to  the  establishment,  so  that  the  ob- 
servations w ill  not,  io  future,  be  liable  to  the  like  inter- 
ruptions. 

At  CuKhridge  there  have  been  small  nbst'rvatories  at 
ChristcDurch,  Trinity,  St.John's,  Ac,  and  a plan  is  said  to 
be  nmv  on  foot  for  erecting  one  upon  a great  scale,  and 
worthy  the  scientific  fame  of  that  learned  university. 

Poiixinouih  OAtervarofy.— At  the*  Royal  Marine  Aca- 
demy, PoMvmnuth,  jJtcre  is  an  observatory  under  the  di- 
ix'ction  of  Mr.  Professor  Inmans  which  is  of  peculiar  uti- 
lity, both  ill  leaching  tbe  pupils  practical  astronomy, and 
in  findimjtlic  rale  of  limc-keepcn  for  seamen.* 

Vol.H. 


At  Christ's  Mr.  Wales  (who  had  served  under 

Dr.  Makkelyne  and  Capt.  Cook)  erected  a small  observa- 
toiy  at  bis  oAn  expense,  when  he  became  master  of  tbe 
royal  inatberoatical  school  there. 

The  Royal  Society  have  at  Somerset  House  a small  ob- 
servatory, w bicb  is  generally  >u[)onntended  by  the  secretary 
for  the  time  being.  ^ 

At  Jiighhury  IlouMt,  near  Islington,  an  ol^ervatory  was 
built  in  the  year  1787,  by  .Mexandcr  Aubi  rt,  Esq,  which, 
fur  perfection  uf  plan  and  splendour  of  apparatus,  |>er- 
haps  lias  never  been  equalled  by  any  private  individual. 
-This  gentleman,  whose  >cicnufic  and  liberal  put»uiu  de- 
serve honourable  mention,  died  in  the  year  180(>,  and  his 
grand  collection  of  insliutuents  was  disposed  of  by  auc- 
tion, and  of  course  dispersed.  Simihir  notice  may  be 
lukt^  of  other  ob»ervaturics  contemporary  with  that  of 
Highbury,  particularly  th<»&i.'  of  Count  Bndil  at  Hare- 
field,  Sir  George  Sbuckburgh  at  Sbuckburgh,  William 
I^rkins,  Esq.  at  BUckheulh,  and  tbe  Hon.  Charles  Gre- 
viile  at  Milford,  all  of  which  wdre  on  a great  scale,  and 
have  been  discontinued  after  the  demise  of  the  owners. 
Thus  In  private  observatories,  though  the  astronomers 
may  bequeath  their  apparatus  to  their  heirs,  they  cannot 
transfer  either  their  taste  or  their  science.  It  is  only  in 
public  establishracuis  that  permanence  can  be  expected. 

Among  the  private  observatories  of  tbe  present  day,  the 
following  alphabetical  list  may  be  also  mentioned. 


Blackheatb 
Blenheim 
Cambridge 
Chiselhursl 
Derby 
East  Sheen 
f'invbury  Square 
Godwood 
Gosport 

Hackney  Wick  - 
Hayes 

Highbury  Tcmce 

llt^dcsdon 

Islington 

Paragon,  Southwark 

Park- lane 

Rose  Hill,  Sussex 

Shcrbuni 

St.Ibbs,  Hilchin  - 

\S'oohvich 

Scotch  OliCTTatoriet, 


Stephen  Groombridge,  Esq. 

Duke  of  Marlborougb. 

Rev.  Mr.  Cattun. 

Rev.  Frajicis  Wollaston.  - 
William  Strutt,  Esq. 

Rev.  William  Pearson. 

Dr.  Kelly. 

The  Duke  of  Richmond. 

Dr.  William  Burney. 

Colonel  Beaufoy. 

William  Walker,  Esq* 

Capt.  Huddait. 

William  Hodgson,  E^q. 

Gavin  Lowe,' Esq. 

James  Strode  Butt,  Esq. 

Sir  Henry  Engicfield,  Bart. 

John  Fuller,  Esq. 

Earl  of  Macclesfield. 

Mr.  Professor  Lax. 

Roval  Mil.  Acad*  • 

In  the  difierent  universities  of 


Scotland  professorships  of  astronomy  have  been  esta- 
blished, but  it  has  been  hero,  as  in  most  other  universities, 
the  theory  of  (he  science  has  been  more  attended  to  tlnui  tho 
practice.  At  Edinburgh  and  Aberdeen  there  have  been, 
however,  observatories;  and  at  Glasgow  thcic  is  also  a 
small  one  belonging  tn  the  college,  but  of  late  a magnifi- 
cent one  has  been  cn’cted  by  a society  of  gentlemen,  which 
is  likely,  when  finished,  to  be  very  useful  as  well  as  bo-> 
Dourable  to  that  commercial  city.  « 

Iriik  OAieiTO/oriei. — In  Ireland  two  observatories  have 
been  established  on  a great  scale,  the  one  at  Dublin,  and 
the  other  at  Armagh.  The  observatory  belonging  to  Tri- 
nity-college, Dublin,  commonly  called  the  Dublin  obser- 
vatory, was  begun  in  the  year  1783.  It  was  founded  by 
Dr.  Francis  Andrews,  provost  of  that  college,  who  be- 
queathed a laige  income  for  this  purpose.  The  apparatus 
are,  a transit  inatrumem  of  6 feet  focal  length,  with  a i- 
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feet  axis,  bearing  4 inches  and  a quarter  aperture,  with 
three  different  magnifying  powers  up  to  600.  An  eniiic 
circle  of  10  feat  diameter  on  a borixontal  axis  for  measur* 
ing  meridian  altitudes.  An  equatorial  instrument,  with 
circles  of  5 feet  in  diameter:  and  au  achromatic  tele> 
scope,  mounted  on  a polar  axis,  and  carried  by  an  heliu> 
« static  movemcot.  Clocks  were  also  ordered  from  Mr* 
Arnold,  without  any  limilaliuit  of  price. 

The  situation  choM'n  for  the  observatory  is  on  cle^nted 
ground,  about  four  English  miles  k.  w.  of  Dublin.  ’Fhe 
foundation  is  a solid  rock  of  limestone,  of  several  miles 
c,xtent ; and  the  soil  is  very  favourable,  being  a calcareous 
substance  called  limestone  gravel,  which  is  remarkable  for 
absorbing  the  rain,  and  thus  contributing  to  a dry  atmo* 
sphere.  The  plan  of  the  building  unites  at  once  both 
eU>gancc  and  convenience.  In  the  centre  is  a magnilicent 
dome  of  three  stories  high,  with  a moveable  roof  for  the 
equatorial  instrument,  which  is  placed  on  a pillar  of  l6 
feet  square,  of  the  mo^  substamial  masonry,  and  sur- 
rounded by  a circular  wall  at  a fool  distance,  that  supports 
the  moveable  dome,  and  also  the  doors,  which  in  no  }mri 
touch  the  pillar : thus,  no  motion  of  the  door  or  wall  can 
be  communicated  to  the  instrument.  The  aperture  for 
observation  in  the  dome  is  two  feet  and  a half  wide. 

'Ibe  most  important  erection  belonging  to  this  establish- 
ment is  behind  the  main  building,  ami  at  right  angles  to 
it,  in  order  to  obtain  an  uninterrupted  view  bi»ib  north  and 
south,  'rbis  is  the  meridian  or  transit  room,  which  con- 
tains both  the  transit  instrument  and  the  circle.  It  is  37 
feet  long,  by'  23  broad,  and  21  high.  Fine  pillars  of  Port- 
land stone  arc  erected  fur  both  instruments  on  the  most 
firm  basis,  and  the  floor  is  so  framed  ns  to  let  all  the  pil- 
lars rise  totally  detached  from  it.  The  clocks  art-  altarb- 
• ed  to  pillars  of  the  greatest  stcadim^ss  also : they  were 
made  by  Arnold,  who  exerted  his  licst  skill,  and  are 
finished  in  a masterly  manner;  the  pallets  are  of  ruby; 
and  all  the  last  boles  of  the  movement  jewelled;  the 
suspension  springs  an*  of  gold,  with  Arnold’s  own  fivc- 
barrcnl  pendulum,  and  cheeks  capable  of  experimental  ad- 
justment, so  as  to  make  all  vibrations  isochronal,  what- 
ever may  be  the  excursion  of  the  pt'ndutum. 

The  Kev.  Dr.  Usher,  the  first  astronomy  professor,  did 
not  long  enjoy  the  pleasures  of  astronomy.  He  died  in 
17f)0,  b(‘fure  the  instruments  had  been  all  supplied.  He 
was  succeeded  by  the  Rev.  Dr.  Brinkley,  who  wns  nart*d 
under  Dr.  h^askclync,  and  had  distinguished  hinm'lf  at 
Cambridge  by  profound  analytical  investigations, and  who 
has  since  greatly  enriched  the  Transactions  of  the  Royal 


Irish  Academy  by  mathematical  and  astronomical  com* 
municaiiuns. 

From  a new  8 feet  circle,  by  Berge,  important  results 
arc  expected,  particulaily  on  parallax,  ubc'iralhin  of  light, 
and  retraction.  Dr.  B.  has  b^n  fox  some  lime  t ngaged  in 
a series  of  observations  with  a vtewr  to  explain  the  cause  of 
variations  which  he  has  luund  in  the  zemth  distances  of 
certain  stars  at  diflen'ut  times,  which  do  not  set  m expli- 
cable by  any  cauoc  at  present  gmt  rally  aliuwrd.  He  has 
found  a ditterencc  between  the  xciiilb  distances  of  a Lv  ro:, 
whenin  opposition  ami  conjunction,  which  may  beexpluin- 
ed  by  a parallax  of  about  2 seconds.  'I'he  new  iramtit  cir- 
cle just  erecftsi  at  Greenwich  possesses  advantages  for  such 
purposes,  and  gr«at  liopcg  may  therxiore  be  formed  from 
the  cuniurrent  operations  ol  those  iw«i  instruments. 

Armagh  Observatory.— Armagh,  the  meirupolitau 
city.of  Ireland,  and  anciently  the  seat  of  a Urge  nmver- 
.sity,  an  observatory  has  Ux-n  erected  and  endowed  in 
17y3,  by  tbe  most  reverend  Richard  lord  Rukeby,  then 
primate  of  Ireland.  It  is  erected  on  the  summit  ol  a 
gently  rising  hill,  about  feet  above  the  general  level  of 
the  town.  The  tower,  which  joins  the  dwelling-house, 
contains  a very  fine  equatorial  by  Troughton,  fi.wd  on  a 
Urge  pillar,  which  is  raised  so  high  that  tbe  insirurai  lit  in 
tlic  dome  cun  overlook  all  the  hutldings.  To  the  cast  of 
the  housr-  is  a range  of  buildingn  for  the  transit  room,  and 
other  astronomical  purposes.  Thcpiincip.d  i rot  rumen  is, 
besides  the  equatorial  and  liansii,  are  u ten-hrl  sextant  by 
Troughton;  a icn-tVel  reflecting  telescope  by  Dr  llers- 
chel ; » five-feet  triple  object-glass  achromatic  t«  irscopa' 
by  Dullond;  and  also  a line  night  glass  on  tin  equaumal 
stand.  I hc  clocks  ure  by  lUrrishaw  ut  L<  iiduti,  and 
Crosstliwaito  of  Dublin. 

In  this  esiabltshment  u libcrHl  income  is  allowed  to  the 
principal  astrononn  r,  and  a g*  ml  salary  to  his  as-islant. 
It  has  been  supc'riiin  tided  from  the  b4ginmntf  by  the  Rev. 
James  Arrhlbikld  Hamilton,  d.p.  dean  cf  the  cathedral 
church  of  St.  ^'I'hman,  t loyne.  'J'hc  repisiered  obsena- 
lions  here,  aie  those  made  with  the  transit  iiistrumi  nt  and 
equatorial ; and  also  an  actoiml  of  the  temperature  and 
weight  of  the  atmosphere.  Of  ihe»e,  a series  of  about  18 
years  is  prt  s*  rvid.  The  right  ascensions  of  the  sun  and 
moon,  compared  with  the  fixed  stars,  are  rcg'il;ii  ami  un- 
broken; but  their  north  polar  distances  have  nut  been  so 
comtantly  taken,  as  they  are  onl^  obscrvisl  by  the  prin- 
cipal astronomer,  whose  pastoral  duties  must  occasioiMlly 
interfere  with  his  aslronomical  labours. 
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Observatory  Portable.  Sec  Kqoatorial. 

OBIUSH  Aaglf^  (»ne  (hat  is  greater  than  a right-angle. 

ODTUSC-criig/e4  TriVir^/r,  h a triangle  that  lia»  one  of 
its  angles  obtuse:  and  tl  can  have  only  one  such. 

Obtuse  C*mc,  or  O^rv^t^AngUtL  Cane,  one  whose 
angle  at  the  vertex,  by  a section  through  the  axis,  is  ob* 
luse.  - • 

Obtuse  Ifyperbo!a,  one  whose  asymptotes  form  an  ob- 
tuse angle. 
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observed  in  a place  whose  latitude  and  longitude  are  welt 
determined,  may  be  applied  to  the  correction  of  the  hinar 
tables;  but  if  observed  iu  a place  whose  latitude  only  is 
well  known,  it  may  be  applied  to  the  determining  the 
longitude  of  the  place. 

Grc/e  qfPerpetiuU  Occultatior.  See  CiacLR. 

OCl£,AN,  the  vast  collection  of  salt  water,  wbicit  en- 
compasses most  parts  of  the  earth.  By  computation  it 
appears  that  the  ocean  takes  up  considerably  more  of  what 


OsTUSE-ongu/ar  Seefton  of  a Cme,  a name  given  to  the  we  know  of  the  tiTresirial  globe,  than  the  dry  land  does, 
hyperbola  by  tlie  ancient  giHimetncians,  because  they  con-  • This  is  perhaps  easiest  known,  by  taking  a good  map  of  the 
sidcred  this  section  only  in  the  obtuse  cone.  world,  and  with  a pair  of  scisaars  clipping  out  all  the 

OCCIDENT,  or  Occidental,  west,  or  westward,  in  water  from  the  land,  and  weighing  the  two  parts  st^a- . 
Astronomy  ; a planet  is  said  to  be  Occident,  wbep  it  sets  rately  : by  which  means  it  has  been  found,  that  the  water 
after  the  sun.  occupies  about  twu-lhirds  of  the  whole  suriacc  of  the 

Occident,  in  Geography,  the  westward  quarter  of  the  ' globe, 
horizon,  or  that  part  of  the  horizon  where  the  ecliptic,  or  « The  great  and  universal  ocean  is  sometimes,  bygeogra- 
the  sun's  place  in  it,  descends  into  the  lower  heroispbere.  phers,  divided  into  three  parts.  As,  1st,  the  Atlantic  and 
Occi  dent  Equinoctial,  that  point  of  the  horizon  where  European  ocean,  lying  between  part  of  Europe,  Africa, 
the  sun  seu,  when  he  crosses  the  equinoctial,  or  enters  the  and  America ; 2d,  the  Indian  ocean,  lying  between  Africa, 
sign  Aru's  or  Libnu  the  East>lnd1an  islands,  and  New  Holland  ; 3d,  the  Pa- 


Occident  Eetirai,  that  point  of  ihe  horizon  where  the  cthc  ocean,  or  great  south  sea,  which  lies  between  the 
sun  sets  at  his  entrance  into  the  sign  tlancer,  or  in  our  Philippine  islands,  China,  )apan,  and  New  Holland  on 
summer  when  the  days  are  longest.  the  west,  and  the  coast  of  America  on  the  east.  The  ocean 

Occident //)r5cniof,  that  point  of  the  horizon  where  also  takes  divers  other  names,  according  to  the  different 
the  sun  sets  at  midwinter,  when  entering  the  sign  Capre*  countries  it  borders  on : as  the  British  t>ceau,  Gf^misn 
coni.  ocean,  dec.  Also  according  to  the  position  on  the  globe  ; 

Occidental  Horizon.  See  Horizon,  as  the  northern,  southern,  eastern,  and  western  oceans. 

OCCUL'I  in  Geometry used  for  a line  that  is  scarce  The  ocean,  penetrating  the  land  at  several  straits, 
perceivable,  drawn  with  the  point  of  the  compasses,  or  n loses  its  name  of  ocean,  and  assumes  that  of  sea  or  gulph ; 
black-lead  pencil.  Occult  or  dry  lines  are  used  in  seve-  as  the  Mediterranean  sea,  the  Persian  gulpb,  dec.  In  very 
ral  operations ; as  the  raising  of  plans,  designs  of  building,  narrow  places,  it  is  called  a strait,  Ac. 
piecw  of  perspective,  Ac.  They  are  to  be  effaced  or  rub-  OCTAEDRON,  or  Octahedron,  one  of  the  6ve  re- 
bid  out  when  the  ivork  is  finished.  gular  bodies ; Contained  under  8 equal  and  equilateral 

OCCULTATION,  the  obscuration  of  any  star  or  pin-  triangles.— It  may  be  conceived  as  consisting  of  two  qua- 
rrel, by  the  interposition  of  the  boily  of  the  moon,  or  any  drilatcral  pyramids  joined  together  at  their  Itoses. 

•tber  planet.— The  occultalion  of  a star  by  the  moon,  If  To  form  an  Octa^ron.  join  together  b equal  and  equi- 
• S2  . 
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lateral  triaogles,  as  id  6g.  1 ; then  a>t  the  lines  half  throagh. 


and  fold  the  figure  up  by  these  cut  lines,  till  the  extreme 
edges  meet,  and  form  the  octaedron,  as  in  figure  2 
an  octaedron,  if  • 

A be  the  linear  edge  or  side, 

B its  ^hole  surface, 
c its  solidity,  or  solid  content, 

B the  radius  of  the  circumscribed  sphere,  and 
f the  nMlius  of  the  inscribed  sphere:  Then 
A = s=  h^2  = = \/lc  */%, 

B = 12^V3  = 4a V3  =»  2aV3  = 

C = 5=  v/3). 

K = r^3  ^ {*^‘2  = 

r = |Ev/3  = iAv/6  = iv/(»%/3)  = i{/W‘,. 

See  niy  Mensuration,  pa.  188,  4tk  edition. 

OCTAGON,  is  a figure  of  8 sides  and  angles ; which, 
when  these  are  all  equal,  is  also  called  a regular  one,  or 
may  be  inscribed  in  a circle. 

If  the  side  of  a regular  octagon  be  s;  then 

Its  area  = 2s*  * (I  v/2)  = 4*8284271s*j  and  the 

• I 

radius  of  its  circumsc.  circle  = — 7-,  • 

Octagon,  in  Fortification,  denotes  a place  that  has  8 
sides,  or  8 bastions. 

OCTANT,  the  8lh  part  of  a circle. 

Octant,  orOcTiLB,  means  alio  an  aspect,  or  position 
of  two  planets,  when  tbeir  places  are  distant  by  the  8th 
pert  of  a circle,  or  45  degrees. 

OCTAVE,  or  8th,  in  Music,  is  an  interval  of  A sounds; 
every  8th  note  in  the  scale  of  the  gamut  being  the  same, 
is  far  as  the  compass  of  music  requires. 

Tones,  or  sounds,  that  are  octaves  to  cacli  other,  or  at 
an  octave's  distance,  arc  alike,  or  the  same  nearly  as  the 
unison.  In  this  case,  the  more  acute  of  the  two  makes  ex- 
* actly  two  vibrations,  while  thrder|>er  or  graver  makes  but 
one ; whence,  they  coincide  at  every  two  vibrations  of  thq 
Bcutcr,  which,  being  more  frequent,  makes  this  concord 
more  perfect  than  any  other,  and  as  it  were  an  unison. 
Hence  also,  it  happens,  that  two  chords  or  strings,  of  the 
same  matter,  thickness,  and  tension,  but  the  one  double 
the  length  of  the  other,  produce  the  octave. 

l*he  octave  containing  in  It  all  thp  other  simple  con* 
cords,  and  the  degrees  being  the  diffiTcnccs  of  these  con- 
cords; it  is  evident,  that  the  division  of  the  octave  com- 
prehends (he  division  of  all  the  resU  By  joining  therefore 
all  the  simple  concords  to  a common  fundamental,  wo 
have  the  following  scries 

1 . i . t . i . 4.1.4  . i 

Fund.Sd/,  3d  g , 4tb  , 6th,  fiih/,  othg,  8ve. 

Mr.  Malcolm  observes,  that  any  wind  instrument  being 
o\er-blutvn,  ihv  sound  w ill  rise  to  an  octave,  and  no  other 
concord  ; which  hcascrilx'sft)  the  perfection  of  the  octave, 
and  its  being  next  to  unison. 

Descartes,  from  an  observation  of  the  like  kind,  via, 
that  thesuuml  of  a whistle,  oroigan  pip<',  will  rise  to  an 
octave,  if  forcibly  blown,  concludes,  that  no  sound  is 


heard,  but  its  acute  octave  seems  some  way  to  echo  or 
resound  in  the  car. 

OCTILE.  See  Octant.  * 

OCTOBER,  the  8ih  month  of  the  yeor,  in  Romulus's 
calendar;  but  the  tenth  in  that  of  Numa,  Julius  Casar,' 
Ac,  after  the  addition  of  January  and  February.  This 
month  contains  31  days;  about  the  22d  of  which,  the 
sun  enters  the  sign  Scorpio  fi^. 

OCTOSTYLE,  in  Architecture,  the  face  of  a building 
adorned  with  8 columns. 

ODD  Number,  in  Arithmetic,  is  any  number  in  the 
series  1,  3,  5,  7,  Ac.  An  odd  number,  when  divided  by 

2,  always  leaves  the  remainder  1 ; and  hence  all  odd  num- 

bers arc  said  to  be  of  the  form  2n  aud  all  oild  square 
numbers  of  the  form  8»  1,  that  is,  any  odd  squan'  num- 

ber, being  divided  by  8,  always  leaves  the  remainder  1 : 
thus  9 =:  8 -t-  I,  25=:  3 • 8 -e  I,  49  s 6 . 8 -K  I,  Ac. 

The  difference  of  all  ihq  consecutiv'e  square  numbers, 
beginning  with  unity,  forms  the  series  of  odd  numbers,  1, 

3,  5,  7,  9>  av  appears  by  subtracting  each  picceding 

square  fiom  the  following  one,  in  (he  series  of  squares. 
Squares  1 4 9 l(i  25  36‘  49  Ac. 

Differences  i,  3,  5,  7^  9.  II,  13,  Ac. 

An  odd  number  cannot  be  divided  by  uneven  number. 

Every  prime  number  e.xcept  2 is  an  o<ld  number. 

Any  power  of  an  odd  number  is  an  odd  number. 

If  an  odd  number  divide  an  even  number,  it  will  also 
divide  half  that  oven  number. 

Every  odd  number  prime  fo  10,  is  a divisor  of  any  re- 
petend  digit.  St*e  Nvmber. 

ODDL\-ODD.  A number  is  said  to  be  oddly-odd, 
when  au  odd  number  mcasun-s  it  by  an  «idd  number.  So 
15  is  a number  mldly-odd,  because  the  odd  number  3 
measuies  it  by  the  odd  number  5. 

OFFING,  or  Opfin,  in  Navigation,  that  part  of  iho 
sea  which  ti  at  a considerable  distance  from  shore ; where 
there  is  devp  water,  and  no  need  ofu  pilot  to  conduct  thu 
ship  into  port. 

OFFSETS,  in  Surveying,  arc  the  perpcndiculanletfall, 
and  measured  from  the  station  lines,  to  the  corners  or 
bends  in  the  hedge,  fence,  or  boundary  of  any  ground. 

Of  Psr.T-S/q^,  a slender  rod  or  staff,  of  10  links,  rvr 
other  convenient  length.  Its  use  is  for  measuring  the  oft- 
setts,  and  other  short  lines  and  distances. 

OFFWARD,  in  Navigation,  the  same  wiih  From  the 
shore,  Ac. 

OGEE,  or  OG,  an  ornamental  moulding  in  the  shape 
of  an  S;  consisting  of  two  members,  the  one  concave,  and 
the  other  convex. 

OI.BERS,  h B name  given  by  some  nslronomrrs  to  a 
new  planet  diiicovored  by  Dr.  Olbers  at  Bremen,  on  the 
28th  of  March  1802.  Jt  is  thus  named  in  honour  of  this 
indefatigable  astronomer,  who  has  since,  viz,  on  the  29(h 
of  March  180f,  discovered  a second  new  planet,  to  which 
he  has  given  the  name  of  Vesta  ; the  first  having  also^re* 
ceived  the  ap)H-llalien  of  Pallas.  The  former  of  these 
might  bo  otherwise  named  Olhqrs and  the  latter  01bcrs^ 
Tbe  elements  of  each  may  be  found  under  tbrii‘ respective 
names.  See  Pallas  and  V*esta. 

OLDENBURG  (IIekry),  who  wrote  bis  name  sorac- 
tiines  Grurzndol,  transposing  the  letters,  was  a hanicd 
German  gentleman,  and  born  in  tbc<!uchy  of  Bretm-n  in 
the  Lower  Sa.xony,  about  the  year  1626,  being  dcsct'ndcd 
from  the  counts  of  Aldenburg  in  Westphalia;  w hence  bis 
name.  During  the  long  English  parliament  in  the  time 
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. of  Charfps  the  1st,  ho  came  to  F.nglantl  as  consul  for  his  The  first  olympiad  be^an  the  3^38th  year  of  the  Julian 
Countrymen  ; in  uhich  capacity  he  remained  at  London  period,  the  3208th  of  the  creation,  77o  years  bcfuic  the 
in  Cromwell's  administration.  But  being  discharged  of  birth  of  Christ,  or  24  years  bHore  the  tuuiidation  of  Home, 
that  employment,  he  was  engaged  as  tutor  to  lord  Henry  And  the  computation  b)'  these  ended  with  the  404th 
Obryan,  an  Irish  nobleman,  whom  he  attended  to  the  uni-  olympiad,  being  the  440th  year  of  the  present  vulgv 
vcrsiiy  of  Oxford  ; and  in  he  entered  himself  a stu-  Christian  era. 

dent  in  that  university,  chiefly  to  have  the  benefit  of  con-  OMBRO.MEl’LR,  a name  given  by  Mr.  Roger  Picker- 
suiting  the  Bodleian  library.  He  svas  afterwards  appointed  ing  (Philos.  Trans.  No.  473,)  to  what  is  more  commonly, 
tutor  to  lord  William  Cavendish,  and  became  intimately  though  less  properly,  called  a pluviameter  or  ruin-gage, 
acquainted  with  Milton  the  poet.  During  bis  residence  at  See  Plu  vi  ameteh.  • 

O.vford,  he  became  also  acquainted  with  the  members  of  OMPHALOIM  LR,  or  OmI’IMLOptic,  in  Optics,  a 
that  s<iciety  there,  which  gave  birth  to  the  Royal  Society  ; glass  that  is  convex  on'both  sides,  pt>pularly  called  a con- 
aiul  on  the  «*stabli8hing  of  this  latter,  be  was  elected  a vex  lens. 

member  of  it:  and  when  the  Society  found  it  necessary  OPACITY,  a quality  of  bodies  which  renders  them 
to  liave  two  sccrc-tariw,  he  was  chosen  assistant  to  Dr.  opake,  or  the  contrary  of  transparency. 

Wilkins.  He  applied  himself  with  extraordinary' diligence  The  Cartesians  make  opacity  lo  consist  in  this,  that 
to  the  dutus  ut  this  uifice,  and  began  the  publication  of  the  pores  of  the  body  arc  not  all  straight,  or  directly 
the  Philosophical  Transactions  with  No.  1,  in  166'4.  In  before  each  other  ; or  rather  not  pervious  every  way. 
order  tu  discharge  ibis  task  with  more  credit  to  himself  This  doctrine  however  is  deficient:  for  though,  to  have 
^d  the  Society,  he  held  a correspondence  with  more  than  a body  transparent,  its  pores  must  be  straight,  or  rather 
seventy  learned  jiersons,  and  others,  on  a great  variety  of  open  every  way ; yet  it  is  inconceivable  how  it  should 
subjects,  in  difi'erent  parts  of  the  world.  This  fatigue  happen,  that  nut  only  glass  and  diamonds,  but  even  water, 
would  have  been  tn‘>up[Htrtah]i',  had  he  not,  as  he  t«dd  Dr.  whose  parts  are  so  very'  moveable,  should  have  all  their 
Ustcr,  man:igc-d  it  so  to  make  om*  letter  answer  another;  pores  0[>rn  and  pervious  every  way ; ' while  the  fine  st  paper, 
and  that,  to  be  always  fresh,  he  never  rend  a letter  before  or  the  thinnest  gold  leaf,  should  exclude  the  light,  for 
he  was  ready  immediately  to  answer  it:  so  that  the  multi-  want  of  such  pmres.  bo  that  another  cause  of  opacity 
tude  of  his  letters  did  not  embarrass  him,  nor  ever  lie  upon  must  be  sought  for. 

his  hands.  Among  others,  ho  was  a constant  correspondent  Now  all  bodies  have  vastly  more  pores  or  vacuities  than 
of  Mr.  Robert  Boyle,  and  he  translated  many  of  (hat  in-  are  necessary  fur  an  infinite  number  of  rays  to  pass  freely 
geniuus  gentleman's  works  into  Latin.  through  them  in  right  lines,  without  striking  on  any  of  Uie 

About  the  year  l674  he  was  drawn  into  a dispute  with  parti  thcmicBes.  For  since  water  is  limes  lighter  or 
Mr*  Hooke,  who  complained,  that  the  secretary  had  not  rarer  than  gold  ; and  yet  gold  itself  is  so  very  rare,  that 
done  him  justice,  in  the  History  of  the  Transactions,  with  magnetic  efiluviii  pass  freely  through  it,  without  any  op- 
respect  to  the  invention  of  the  spiral  spring  for  pocket  position;  and  quicksilver  is  readily  received  within  its 
watches  ; the  contest  was  carried  on  with  .some  warmth  on  fiores,  and  even  water  itself  by  compit'ssion  ; it  must  have 
both  sides,  but  was  at  length  terminated  to  the  honour  of  much  more  pores  than  solid  parts : consequently  water 
Mr.  Oldenburg;  for,  pursuant  to  an  open  representation  must  have  at  least  40  times  as  much  vacuity  as  solidity, 
of  the  affair  to  the  Royal  Society,  the  council  thought  fit  llie  cause  therefore,  why  s<mie  bodies  are  opake,  doea 
lo  declare.  In  behalf  of  their  secretary,  that  they  knew  not  consist  in  the  want  of  rectilinear  pores,  penious  every 
nothing  of  Mr.  Ilookc  having  printed  a book  entitled  way;  but  cither  in  the  unequal  density  of  the  parts,  orin 
^oimpas,  Ac  ; but  that  the  publisher  of  the  Transactions  the  magnitude  of  the  pores;  and  to  their  being  either 
had  conducted  Kimself  faithfully  and  honestly  in  managing  empty,  or  filled  with  a different  matter;  by  means  of 
ihclntciligencc  of  the  Royal  Society,  and  (hat  be  had  given  w hich,  the  rays  of  light,  in  their  passage,  are  aru'sted  by 
no  just  cause  for  such  reflections.  . innumerable  refractions  and  reflections,  tillat  length  falling 

Mr.  Oldenburg  continued  th  publish  the  Transactions  on  some  iKslid  part,  they  become  quite  extinct,  and  arc 
as  bt'fore,  to  ^o.  136‘,  Juiic25,  lfi77;  after  which  the  utterly  absorbed. 

publication  w&i  discontinued  till  the  January  following;  Hence  cork,  paper,  wood,  Ac,  arc  opake  ; while  glass, 
when  they  were  again  resumed  by  his  successor  in  the  se-  diamonds  Ac,  are  pcilucifl.  Fo/  in  the  confines  or  joining 
#t‘tary’i  ofllce,  Mr.  Nchcnnah  Grew,  who  carried  them  on  of  parts  alike  in  density,  such  as  those  of  glass,  water, 
till  the  end  of  February  l678-  . Mr.  Oldenburg  died  at  diamonds,  Ac, amoiiglhemsclves,aorefractiouorrrflcclion 
hi»  house  at  Charlton,  between  Greenwich  and  Woolwich,  takes  place,  because  of  the  equal  attraction  every  way  ; 
in  Kent,  August  lft77»  and  was  interred  there,  being  near  so  that  such  fd  ihej^ys  of  light  as  enter  the  first  surface, 
52  years  of  ago.  pass  straight  through  the  body,  excepting  those  that  are 

He  published,  besides  what  has  been  already  mentioned,  io^t  and  absorbi'd,  by  striking  on  solid  parts  : lut  in  the 
20  tracts,  chiefly  on  theological  and  ;>ulitical  subjects ; bordering  of  parts  of  unequal  demity,  such  as  those  of 
in  which  he  principally  aimed  at  reconciling  differences,  wood  and  water,  botli  with  regard  to  themselves,  and  with 
and  proosoting  peace  and  unanimity.  regard  tu  the  air  or  empty  space  in  their  larger  pores,  the 

OLYN^IAD,  in  Chronology,  a revolution  or  period  of  attraction  being  unequal,  the  reflcciioM  and  refractions 
4 years,  by  which  the  Greeks  reckoned  their  time : so  called  will  be  very  great ; and  thus  the  rays  will  not  be*  able  to 
from  the  olympic  (^imes,  which  were  celebrated  every  4th  pass  through  sucii  btHlies,  being  continually  driven  about, 
year,  during  5 daya,  near  the  summer  solstice,  outlie  banks  till  they  become  extinct. 

oftberivcrAlpheus,hearOlympia,atownofFJis.  Ascach  That  this  interruption  or  discontinuity  of  parts  is  the 
olympiad  consisted  of  4 years,  these  were  called  the  1st,  chief  cause  of  opacity.  Sir  Isaac  Newton  argie  s,  appears 
2d,  3d,  and  4th  year  of  each  olympiad ; the  first  year  com-  fromhence;  lhatalfopakc  bodies  immediately  gin  to 
mcncihg  with  ibenearcst new  muon  to  tbe.sunitm  rsoUticc.  be  transparent,  when  their  pores  become  filled  with  a sub- 
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ftancc  of  nearly  equal  dfiisiiy  wiih  their  parts.  Thus, 
jmjK^  dippvil  111  wuti  r or  oil,  soinr  si<  rpcil  in  wuiir, 

)im*n  cki-lli  iiip|K(l  in  oii  or  viiu-|*itr,  &c,  liocuiiie  tuuru 
trau'-parcnl  timii  iH-torc 

OP  .Kl:!,  ft*  I traii^luirnt,  nor  tr.invparcnr.or  not  admit* 

lift,*  « t.vc  p;»'^«i:«‘  l«»  ll't*  r-‘)s  of 

Of'KS  KrtJii,  in  l•o^ll!l(‘it^lorr,  is  that  part  of  the  flank 
wha'h  H covvri-'d  Uy  ih*-  imllon  or  sliouUicr. 

OPi' NiNCv  Trcnchra,  is  the  bti’akin^  of 

grotimi  by  the  gers,  in  pnl<  r to  curry  on  their  op* 
ph'ucbo  tiiwuTcls  a piaco. 

OPKUA*tr'^«.  in*Optics,  >s  so  called  from  its  use  in 
play*hou»es,  and  s.omeii.nc%  a Diagonal  IVrsprciive,  from 
lU  ct>n«ir^£ti^)C)^%*  hicii  is  as  follows.  ABcn  (flg.  5,  pl/2l) 
rvprcsenli!^  tuUulmut  4 inches  long ; in  each  side  of  which 
fhi-iv  U a bole  xr  and  oti,  exactly  ngainst  the  middle  of  a 
plane  mirror  iK,  which  nflects  the  rays  falling  upon  it  to 
the  convex  glass  uu  ; through  which  they  arc  refracted  to 
the  Concave  eyv-sUss  no,  whence  they  emerge  parullel  to 
|he«*y'C  at  the  hole  r«,  iji  the  end  of  the  lube.  Ia-I  piiQ  be 
an  object  to  U‘  \io«cd,  from  which  proceed  the  rays  pc, 
ah,  and  gi  ; these  rays,  being  rcflect«-d  by  the  plane  mir- 
ror IK,  will  Uiow  the  object  in  the  direction  cp,  hn,  dq,  in 
the  image  pq,  equal  to  the  object  pq,  and  ns  far  b<-fiind 
the  mirror  as  the  object  is  before  it:  the  mirror _^being 
pliccsl  sags  to  rtuke  an  angle  of  45  degrees  with  tlx*  sides 
of  the  tube,  And  as,  in  viewing  near  objects,  it  is  not 
iK'c^'^sary  to  magnify  them,  the  focal  distances  of  both  tf.c 
gla-Mts  may  be  nearly  equal ; or  if  that  of  lm  be  3 inciiM, 
and  that  of  xo  one  inch,  the  distance  between  them  will 
be  but  2 inches,  and  the  object  will  l>e  megnifled  .3  times, 
being  sufficient  for  ibc  purposes  to  which  this  glass  is  ap- 
plied. 

When  the  object  is  very  near,  as  x v,  it  is  viewed  through 
a hole  xy,  at  the  other  end  of  the  tube  ar,  without  uii 
eye-glass;  the  upper  part  of  the  mirror  being  polished  for 
llutt  purpose,  as  well  as  the  under.  The  tube  unscrews 
near  the  object-glass  lm,  for  taking  out  and  cleansing  the 
glasses  and  mirror.  I’he  position  of  the  object  will  be 
erect  through  the  concave  eyi*>glass. 

The  |)cculiar  artifice  of  this  ^lass  is  to  view  a person 
at  a small  disLince,  so  that  no  one  shall  know  who  is  ob- 
served ; for  ihc  instrument  points  to  a diflerent  object  from 
that  wbieh  is  viewed  ; and  as  there  is  a hole  on  eaCh  side, 
it  is  impossible  to  know  on  which  hand  the  object  is  si- 
tuated, which  you  are  viewing. 

OPHIUCUS,  a constellation  of  the  northern  hemi- 
sphere; called  abo  Si-rpcptaViift. 

OPPOSITF.  or  Vertical  Angles,  \ y 

are  those  opposite  lu  fach  other,  made  by  'y  / 
two  inteiscciing  lines ; as  a and  h,  nr  c and  </.'  ^ / 

— Theoppositeanglcsarc  equal  to  eac|j  other.  y*.^ 

OpPObiTt  0>»cr,  denote  two  similar  Cones  / \ 

vertically  opposite,  having  the  same  common  /' 
vertex  and  axi«,  and  the  same  sides  pro- 
duced ; as  the  com-s  a and  b. 

Opposite  Sections,  or  Uyperbotas,  arc  \ — C'T^ 
those  made  by  cutting  the  oppo&ite  cones  > ^ \^/ 
by  the  same  plane;  as  the  hyperbolus  c ^ 
and  D- — These  are  always  diual  and  simi-  \J  , 

Itr,  and  have  the  same  transverse  axis  tr,  X 

as  alio  tha  same  conjugate  axis.  / \ p 

OPPOSITION,  is  that  aspect  or  situa-  A 

tinn  of  iwo.pUncts  or  stars,  when  they  are  / i/ 
diarnctrically  opposite  to  each  other; 


briftt*  IRO^,  or. a semi-circle  apart;  and  marked.tbus  9. 
^Tne  muon  i*>  in  opposition  to  the  sun  when  she  is  at  the 
full- 

UPITC,  or  Optical,  something  that  relates  to  vision, 
or  the  si*n>e  u(  s« ' ing,  iir  the  science  of  optics. 

Optic  An?f^-  See  Angle. 

Optic  ,4xi$.  See  Axis. 

Optic  f'AawiAcr.  Si'eC.vsiERA  Obsrura. 

Optic  (Huucm,  arc  glsussr'v  grourul  either  concave  or 
coovfx  ; 80  115  either  lo  colled  or  di>|M?rsc  tiie  rays  of 
light  ; by  whicli  mean>  vision  is  improved,  and  tin*  eye 
strengthened,  preserved,  \c. — .\iuong  tin  se,  ilje  pniK'i|>al 
are  spectacles,  reading  glusses,  tclesc*»pes,  microscopes, 
nngic  lanterns,  &c. 

Optic  Inequality,  in  Astronomy,  is  an  apparent  irregu- 
larity in  the  motions  of  very  di>lunt  boilies  ; so  culled,  be- 
cauM*  Ills  not  really  in  the  moving  bodies,  but  ar)>mgfrom 
the  situation  of  the  obser'er’s  eye.  For  if  tlie  eye  were 
in  the  centre,  it  would  always  see  the  moliuns  as  they 
really  are. 

The  optic  inequality  may  be  thus  M H 
illuslruied.  .Suppose  a body  revolving  \ \ ■ 7^7 

with  Q real  tinilorro  motion,  in  tin;  \ • i / 

periphery  of  a circle  abdA;c:  and  \ ■ / 

suppose  the  eye  in  the  plane  of  the  \/\  '^\L 

same  circle,  but  at  a distance  from  it,  ^ ; T; 

viewing  the  motion  of  the  body  from 
o.  Now  wlien  the  body  goes  from  a \,:  / 

to  D;  its  apparent  molioii  is  measured  W 

by  the  angle  aob  or  the  arch  or  line  q 

iiL,  which  it  will  ap;H*ar  to  describe. 
l)ui  while  it  moves  through  the  arch  bd  in  an  equal  time, 
its  apparent  motion  w>ill  be  determined  by  the  angle  boo, 
or  the  arch  or  tine  lm,  which  is  less  than  the  former  lii. 
But  it  spends  the  same  lime  in  d<*8cribing  de,  os  it  does  in 
AE  or  bo  ; during  all  which  time  of  describing  de  it  ap- 
|>cars  stationary  in  tiie  point  M.  WhenJt  really  describes 
F.FCtQ,  it  will  appear  to  pass  over  mlhkn  ; so  that  it  will 
seem  to  have  gone  retrograde.  And  lustly,  from  g to  r it 
will  again  a|ipcar  stationary  in  the  point  m. 

Optic  AVroci,  the  second  pair  of  nerves,  springing  from 
the  crura  of  the  medulla  oblongata,  and  passing  thenc# 
to  the  eye.  These  arc  covered  with  two  coals,  which  they 
lake  from  the  dura  and  pia  muter;  and  which,  by  their 
expansions,  form  the  iwg  membranes  of  the  eye,  called 
the  uvea  and  cornea.  And  the  retina,  which  is  a third 
membrane,  and  the  immediate  organ  of  ^hi,  is  only  an 
expansion  of  the  fibrous,  or  inner,  and  medullary  part  of 
these  nerves.  _ 

Optic  PcBCiV.  Sea  Pencil  q/’/Jflyi.  ® 

Optic  Pyrawiif,  in  Perspective,  is  the  pyramid  abco, 
whose  base  is  the  visible  object  abc,  ^and  the  vertex  is  in 
the  eye  at  o;  being  funned  by  rays  drawn  from  the 
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»everal  points  of  the  pAimeter  {o  the  eye.  Hence  may 
appear  what  is  iiicaiit  by  optic  triangle. 

Oftic  of  a star,  is  that  point  or  part  of  its 

orbit,  which  b «letermiued  by  our  sight,  when  the  star  is 
seen  there.  This  is  cither  true  or  apparent;  true  when 
the  observer's  eye  is  supposed  to  be  at  the  ccntic  of  the 
motion ; or  opparent,  when  his  eye  is  at  the  circumference 
of  the  earth.  See  also  Place. 

Optic  particularly  moans  those  by  which  an 

optic  pyramid,  or  optic  triangle,  is  terminated.  As  oa, 
OE,  OC, 

OP'riCIAN,  a person  skilled  in  optics. 

OPTICS,  the  science  of  vision  ; including  Catoptrics, 
and  Dioptrics;  end  even  Perspective;  as  also  the  whole 
doctrine  of  light  and  colours,  and  all  the  phenomeni^uf 
visible  objects.  • 

Optics,  in  its  more  extensive  tccrptAlion,  is  a mi.xi'd 
mathematical  science-;  which  explains  the  manner  in  which 
vision  is  pert'ormed  in  the  eye;  treats  of  sight  in  general ; 
giveMhc  rcasonsof  the  Several  moditicatioiis  oralleralions, 
which  the  rays  of  light  undergo  in  the  eye;  and  shows 
why  objects  appear  sometimes  greater,  soruelimcs  smaller, 
sometimes  more  distinct,  sometimes  more  confu-H-d,  aotne- 
time-s  nearer  and  aumetinies  more  remote.  In  this  ex- 
tensive signiticalioii  it  is  considered  by  Newton,  in  bis  ex- 
crllrnt  work  on  this  science.  Indeed  optics  makes  u con- 
aiilerable  branch  of  natural  philosophy ; Ixith  us  it  explains 
(he  laws  of  nature,  according  to  which  vision  is  perform- 
ed ; and  as  it  accounts  for  a variety  of  physical  pheno- 
mena, otherwise  inexplicable 

7lie  principal  authort  and  discoztries  in  Optics,  are  the 
following  :~KucliJ  seems  to  be  the  curlit-st  author  on 
optics  that  we  have.  He  cuiiiposed  a treatis<*on  optics 
and  catoptrics ; dioptrics  bt-ingless  known  to  the  undents; 
though  it  was  not  entirely  unknown  to  them,  for  among 
the  phenomena,  at  the  beginning  of  that  work,  Kuclid 
remarks  the  effect  of  bringing  an  object  into  view,  by  re- 
fraction, in  the  bottom  of  a vessel,  by  pouring  water  into 
it,  which  could  not  be  seen  over  the  edge  of  the  vessel, 
befare  the  water  was  poured  in;  and  other  authors  «>pcak 
of  the  llien  known  effects  of  glass  globes  dec,  both  as  burn- 
ing glasses,  and  as  to  bodies  seen  through  them,  F'uclid’s 
work  however  is  chiefly  on  catoptrics,  or  reflccierl  rays; 
in  which  he  shows,  in  31  propositions,  the  chief  properties 
of  them,  both  in  plane,  convex,  and  enneave  surr.icea,  in 
his  usual  geonietncul  manner;  beginning  with  that  con- 
cerning the  e<|iiality  of  the  angles  of  incidence  and  re- 
ffeclion,  which  he  demonstrates ; and,  in  the  Inst  propo- 
sition, showing  the  effect  of  a concave  speculum,  as  a 
burning  glass,  when  exposed  to  the  ruy»  of  the  sun.  1 he 
effects  of  burning  glasses,  both  by  refraction  and  reflec- 
tion, me  noticed  by  several  others  of  thr  ancients ; and 
it  is  probable  that  the  Homans  hod  a uKthod  of  lighting 
their  lacrcd  Are  by  some  such  means.  Aristophanes,  in 
one  of  bis  comedies,  introduci's  a person  as  making  use  of 
a globe  filled  with  water  to  cancel  a bond  that  was  against 
him,  by  thus  imlling  the  wax  of  the  seal. ' And  if  we  give 
but  a small  degree  of  credit  to  what  some  ancient  his- 
torians are  sai<l  to  have  written  concernirig  the  exploits 
of  Archimedes,  wo  shall  be  induced  to  think  that  he  con- 
structed some  very  powerful  burning  mirrors.  U is  said 
that  this  eminent  georeetrician  wrote  a treatise  on  the  sub- 
ject of  them,  though  it  U»  not  now  extant ; as  also  con- 
cerning the  appraranie  of  a ring  or  circle  under  water, 
and  tfaereforu  could  not  have  l^o  ignorant  of  the  com- 


mon phenomena  of  refraction.  Wc  find  many  questions 
concerning  such  optical  appeamnev^  in  Aristotle.  This 
author  was  also  sensible,  that  it  is  the  reflection  of  light 
from  the  atmosphere  which  prevents  total  daikness  alter 
the  sun  sets,  and  in  places  where  he  dots  not  shine  in  the 
day-time,  lie  was  also  of  opinion,  that  rainbows,  halos, 
and  mock  suns,  were  all  occasioned  by  the  reflection  of 
rite  sunbeams  in  ditleunt  circumstances,  by  which  un  im- 
perfect iiiiage  of  his  body  was  produced,  the  colour  only 
being  exhibited,  and  not  his  prufM.*r  figure. 

Ibf  ancients  were  nut  only  acquainted  with  the  mono 
ordinary  apj^rances  of  refraction,  but  knew  also  the  pro- 
duction uf  colours  by  refracted  light.  Seneca  miys,  that 
when  the  fight  of  the  sun  shines  through  an  angular  piece 
of  glass,  it  shows  all  the  colours  of  the  rainbow.  These 
colours  however,  he  says,  arc  false,  such  as  are  seen  in  a 
pigeon's  ni-ck  when  it  changes  iu  position;  and  of  the 
same  nature  he  says  a speculum,  wbiclv^ithoul  having 
any  colour  of  its  own,  assuincs  that  of  any  other  body. 
It  appears  also,  that  the  ancients  were  fH|C  iioapquainted 
with  the  magnifying  power  of  glam  globes  filled  with 
waler,  though  it  does  not  appear  that  they  knew  any  thing 
of  the  ri-Bsun  uf  this  power  : and  it  iswupposod  that  the 
ancient  engraven  made  use  of  a glim  globe  filled  with 
water  to  magnify  their  figures,  that  they  might  work  to 
mure  advantage. 

Ptolemy,  about  the  middle  of  the  second  century,  wrote 
a considerable  in-Biise  on  optics.  The  work  is  lost ; but 
from  the  accounts  given  of  it  by  others,  it  appears  that 
he  there  treated  of  astronomical  refractions.  'Hio  first 
astronomers  were  not  aware  that  the  intervals  between 
stars  appear  less  when  near  the  horizon  than  in  the  mcri- 
diun;  and  on  this  account  they  must  have  bevn  *much 
embarrassed  in  their  observations:  but  it  iscvideivt  that 
Ptolemy  was  aware  of  this  circumstance  by  the  caution 
which  he  gives  to  allow  something  for  it,  whenever  re- 
course is  had  to  ancient  observations.  This  philosopher 
al»4>  advances  a very  sensible  hypothesis  to  account  for 
the  remarkably  great  apparent  size  of  the  sun  and  moon 
whenSLTi)  near  the  horizon.  The  mind,  he  says,  judges 
of  the  Si7e  of  ohjecu  by  means  uf  a preconceived  idea  of 
their  distance  from  us:  and  this  distance  if  taocied  to  bo 
gn  atcr  when  a number  of  objects  an*  inlerposed  between 
the  eye  and  the  body  vve  are  viewing : which  Is  the  case 
when  we  sec  the  heavenly  bodies  near  the  horizon.  In  his 
Almagest,  however,  he  ascribes  llus  app<*arBnce  t|>  a re- 
fraction of  the  rays  by  vapours,  which  actually  enlarge 
the  angle  under  wbich  the  luminaries  appear;  just  as  the 
angle  is  enlarged  by  which  an  object  is  seen  ftoin  under 
water. 

Alhazcn,  an  Arabian  writer,  was  the  next  author  of  any 
celebrity,  and  wrote  about  the  year  IKK).  Alhazi-ii 
made*many  experiments  un  nfraciion,  at  the  surface  be- 
tween air  an^  water,  air  and  glass,  and  water  and  glass; 
and  hence  he  <U‘duced  M.*vcrai  projicrlii-s  of  atmospherical 
refraction ; such  as  that  it  increan-s  the  altitudes  uf  all 
objects  in  the  heavens;"  and  he  first  advanced  that  the 
stars  arc  sometimes  seen  above  the  horizon  by  means  of 
refraction,  when  they  are  nally  below  it:  which  obser- 
vation was  confirmed  by  Vitello,  Waltbcr,  and  especially  . 
by  the  ubsorvationa  of  Tycho  Biahe.  Alhazen  observed, 
that  refraction  contracts  the  diameters  and  , distances  of 
the  heavenly  bodies,  and  that  it  is  the  cause  of  the  twink- 
ling of  the  stars.  This  refractive  power  he  ascribed,  noi 
to  the  vapours  contained  in  the  airi  but  to  its  different 
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degrees  of  transparency.  And  it  was  his  opinion,  iNhi 
50  far  from  vapour  being  the  cause  of  Ibe  hcaviyily 
btulies  appearing  larger  near  the  horizon,  that  it  would 
make  them  appear  less;  observing  that  two  stars  appear 
nearer  t«^ether  in  the  horizon,  than  near  the  mernlwn. 
This  phenomenon  he  ranks  among  optical  deceptions.  \Vc 
judge  of  distance,  he  says,  by  comparing  the  angle  under 
which  objects  ap[>car,  with  their  suppo^d  distance;  s4 
that  if  these  angles  be  nearly  equal,  and  the  distance  of 
one  object  be  conceived  greater  than  that  of  the  other, 
this  will  be  imagined  to  be  larger.  And  ho  further  ob- 
icivc«,  that  the  sky  near  the  horizon  is  always  imagined 
to  be  farther  from  us  than  any  other  part  of  the  concave 
surface. 

Jn  the  writings  of  Aihazen,  wo  also  bnd  the  6rst  distinct 
account  of  the  magnifying  power  of  glasses  ; and  it  is  not 
improbable  that  his  writings  on  this  head  gave  rise  to  (he 
useful  invention  of  spectacles : for  he  says,  that  if  an  ob> 
jecl  be  applied  close  to  the  base  of  the  larger  segment  of  a 
sphere  of  glass,  it  will  up])car  tnagnilied.  He  also  treats 
of  the  appearance  of  an  object  through  a globe,  and  says 
that  he  was  the  first  who  observed  the  refraction  of  rays 
into  it. 

In  1270,  Vitvilo,  a native  of  Poland,  published  a treatise 
on  optics,  containing  all  that  was  valuable  in  Albazen,  and 
digested  in  a better  manner.  He  ob^ervo^,  that  light  is 
always  lost  by  refraction,  which  makes  objects  appear 
less  luminous.  He  gave  a table  of  the  results  of  his  expe- 
riments on  iho  refractive  powers  of  air,  waUr,  and  glass, 
corresponding  to  different  angles  of  incidence.  He  ascribes 
the  twinkling  of  the  stars  to  the  motion  of  the  air  in  which 
the  light  is  refracted  ; and  he  illustrates  this  hypothesis, 
by  observing  that  they  twinkle  still  more  when  viewed  in 
water- put  in  motion.  Me  also  shows,  that  refruction  is 
iwct'ssary,  as  well  as  reflection,  to  form  the  rainbow  ; be- 
cause  the  body  which  the  rays  fall  upon  is  a transparent 
substance,  at  the  surface  of  which  one  part  of  the  light  is 
always  reflected,  and  anollver  refracted.  And  he  makes 
some  ingenious  attempts  to  explain  refraction,  or  to  ascer- 
tain the. law  of  it.  He  also  considers  the  foci  of  glass 
spheres,  and  the  apparent  size  of  objects  seen  through 
them  ; though  with  but  little  accuracy.  To  Vitello  may 
be  traced  the  idea  of  seeing  images  in  the  air.  He  en- 
deavours to  show,  that  it  is  possible,  by  means  of  a cylin- 
drical Convex  specLluin,  to  see  the  images  of  objects  in 
the  aic,  out  of  the  speculum,  when  the  obji'Cts  themselves 
cannot  be  seen.— 'I'bc  Optics  of  Aihazen  and  Vitello  were 
published  at  Ra^il  in  1572,  by  bred.  Jlisner. 

Contemporary  with  Vitello,  was  Roger  Bacon,  a man 
of  very  exteuMve  genius,  who  wrote  u|>or»  almost  every 
branch  of  science;  though  it  is  thought  Ids  impruvemems 
in  optics  wen*  not  carrit  d far  t>eyond  those  of  Aihazen  and 
Vitello.  lie  even  assents  to  the  absurd  notion,  held  by 
all  philosophers  down  to  Ids  time,  that  visible  rays  pro- 
ceed from  the  (ye,  instead  of  towards  it.  From  many 
stories  related  of  him  however,  it  would  seem,  that  ho 
made  greater  improvements  than  appear  in  his  writings. 
It  is  said  he  had  the  use  of  spectacles;  that  be  had  con- 
trivance's, by  reflection  from  glasses,  to  see  what  was 
doing  at  u groat  distance,  ns  in  an  enemy’s  camp.  And 
lord  chancellor  Bacon  relates  a story,  of  his  having  ap- 
parently walked  in  the  air  between  two  steeples,  and 
which  he  sup{K)sed  was  cffi^ctcd  by  reflection  from 
glasses,  while  he  walked  upon  the  ground.  See  the  ar- 
ticle Bacojs. 


About  1?79  written  a tnaAsc  on  optics  by  Pcccam, 
archbishop  o!  Cumerbury. 

One  of  (he  next  who  distinguished  bimvcif  as  a theore- 
tical optician,  was  Muuruiye,  teacher  of  maihematics  at 
Me»sina.  In  a ireatiM.*  Di^  l.umirie  el  Umbra,  published 
in  15/5,  he  demonstrates,  that  the  erystaliine  humour  of 
the  eye  is  a lens  that  collects  the  rays  ol  light  issuing  Irom 
the  objects,  and  throws  them  upon  Ihc  ri-tina,  where  the 
fnhis  of  each  pencil  is  situated.  Fiom  this  principle  he 
discovered  the  ix'aMm  why  sorru-  people  are  short-Mglited, 
and  others  lung-sighted  ; also  why  the  former  arc  relieved 
by  concave  glo:«e«.  and  the  others  by  convex  ones. 

Contemporary  with  Matirolyc,  wus  John  liaptMa Porta, 
of  Naples,  lie  discovered  the  camera  obscura,  which 
thj[ows  considerable  light  on  the  nature  of  vision.  Ilis 
house  was  the  constant  rcsor^ofall  the  ingenious  persorts 
at  Naples,  whom  he  formed  into  wlmt  he  called  An  Aca- 
demy of  Secrets;  each  memlier  being  obliged  to  cuninbuto 
something  that  was  not  gtnerolly  known,  and  might  be 
useful.  By  (hi\  means  he  was  iurnished  with  maieriaU 
for  his  Magid  Naturalis  which  contains  his  account  of 
the  camera  obscura,  umi  the  first  tdition  of  which  was 
published,  as  he  informs  us,  when  he  was  not  quite  15 
years  old.  He  alvogavc  the  first  hint  of  the  magic  lan- 
tern i which  Kirchcr  afterwards  followed  and  improved. 
His  eX|K‘rimeiits  with  the  camera  obscura  convinced  him, 
that  vision  is  performed  by  the  intromission  of  something 
into  the  eye,  and  not  by  visual  ray's  proceeding  from  it, 
as  had  been  formerly  i.nagined  ; ahd  he  was  the  first  who 
fully  satisfied  himM'If  and  others  on  this  subject.  lie 
justly  considered  the  eye  as  a camera  obscura,  and  the 
pupil  the  hole  in  the  window-shutter ; but  he  was  mis- 
taken  in  sup)K>sing  that  the  Crystalline  humour  corresponds 
to  the  wall  which  receives  the  images;  nor  was  it  disco- 
vered till  the  year  1(>04,  that  this  office  is  performed  by 
the  retina.  He  made  a variety  of  just  remarks  concerning 
vision  ; ami  particularly  explained  several  caves  in  which 
we  imagine  things  to  be  without  the  eye,  when  the  ap- 
pearances are  occasioned  by  some  aflection  of  the  eye 
itself,  or  by  some  motion  within  the  eye.- — He  icmuiked 
also  that,  in  certain  circumstances,  vision  w ill  be  assisted 
by  convex  or  concave  glasses;  and  he  seems  even  to  have 
made  some  small  advances  towards  Uie  discovery  of  te- 
lescopes. 

Other  treatises  on  optics,  with  various  ond  gradual  im- 
provement*, were  afterwards  successively  published  by 
several  authors;  as  Aguilon,  Opiicorum  Iibr.  fi,  Aniv. 

1613 : L'Optique,Oaloptrique,clDiopiriqueof  Hcrigonc, 

in  his  Cursus  Math.  Paris  i6S7  : the  Dioptrics  of  Des- 
cartes, 16*37  • L'Oplique  ct  Caloptriquc  of  Mersenne, 
Paris  1651 : Scheiner,  Optica,  Ixmd.  1659:  Manchini, 
Dioptrica  Pructica,  Bologna,  I66O:  Barrow,  Leciior.es 
Opiic.T,  London  l(>(i5:  Janus  Gregory,  Optica  Promota, 

Lond.  Ui<)3  ; Grimaldi,  Physico-niathesis  de  Lumrne,  Co- 
loribus,  ct  iride,  Bononia,  U>6o:  Sicanhusa,  Cugitutiones 
Physico-inrcluinicK  de  Natura  Visionls,  lleidH.  I(i70: 
Kircher,  Ars  M-agiia  Lucis  ct  Umbrse,  Rome  1671 ; Clic- 
rubiii,  Dioptrique  Oculuirc,  Paris  lO/l:  J^eibmu,  Prin- 
cipe Generalc  de  POptique,  Ixipsic  Acts  1682:  Newton’s 
Optics  and  Lectiimes  Optic*,  4to  and  8vo,  1/04  &c:  • 
Molyneux,  Dioptrics,  Ixmd.  16.92:  Dr.  Jurin’s 'I  heory  of 
Distinct  and  Indistinct  Vision-— There  is  also  u large  and 
e.\cclient  work  on  optics,  by  Dr.  Smith,  2 vols  4to;  and 
an  elaborate  history  of  the  pn*scnt  stale  of  discoveries  re- 
lating to  vision,  light,  and  colours,  by  Dr.  Priestley,  4to 
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1772  a with  a multitude  of  other  authon  of  inlcrior  note ; 
bi'itiJes  )t'SM;r  and  occa^ionHl  tracts  and  papers  fn  the  Me- 
moir»  of  the  K*veral  tcarncil  Academics  and  Societies  of 
Europe;  with  impruwments  by  many  other  p«‘r»oRB, 
aniut^  whom  are  the  respectable  namt's  of  Snell,  Fermat, 
Kepler,  lluyaens,  llortetisixis,  lV>yle,  Ho<.  ke,  Lahire,  Low* 
Ihurpi  Cassini,  Halley,  Dviisle,  Euler,  Dullond,  Clairaut, 
Dalembert,  Ziiher,  Buuguer,  Uuffon,  Nolict,  Baume;  but 
the  particular  improvements  by  each  author  must  be  re- 
ierriMl  to  the  history  of  hts  life,  under  the  articles  of  their 
uames ; while  the  history  and  imppjvements  of  the  scyeral 
branches  ure  to  be  found  under  \he  various  particular 
articles,  as,  li^tht,  Colours,  Kefleetion,  Refraction,  Inflec* 
lion,  Transmission,  i^c,  Spectacles,  Telescope,  Micro- 
scope,  &r,  &c. 

ORB,  a s|rlieiical  shell,  hollow  sphere,  ^r  space  con- 
tained betWfcn  two  concrntiic  spherical  surfaces. — The 
Ancient  aslrunonicrs  conceive«l  ibt*  heavens  as  consisting 
of  several  vast  uaurc  transparent  orbs  or  spheres,  inclosing 
one  another,  and  including  the  bodies  of  the  planets. 

.The  Orms  A/agnur,  or  Great  Orb,  is  that  in  which 
the  sun  is  supposed  to  revolve ; or  rather  it  is  that  in  which 
the  earth  makes  its  annual  circuit. 

ORBIT,  is  the  path  of  a^danet  or  comet ; being  the 
cur\T  line  described  by  its  centre,  in  its  proper  motion  in 
the  heavens.  So  the  earth’s  orbit,  is  the  ecliptic,  or  the 
curve  it  describes  in  its  annual  revolution  about  the  sun. 

The  ancient  astronomers  made  the  planets  describe  cir- 
cular orbits,  with  a uniform  velocity.  Copernicus  him- 
self coul<)  not  believe  they  should  do  otherwise ; being 
unable  to  disentangle  himself  entirely  from  tbeexcentrics 
and  epicycles  te  which  they  had  recourse,  to  account  for 
the  inequalities  in  tlirir  motions. 

But  Kepler  found,  from  observations,  that  the  orbit  of  the 
eartb,atid  thatof  every  primary  planet,  ia  an  ellipsis,  having 
the  sun  in  one  of  its  foci ; and  that  they  all  move  in  these 
ellipses  by  this  law,  that  a radius  drawn  from  the  centre 
of  ibu  sun  to  the  centre  of  the  planet,  always  describes 
equal  areas  in  equal  times ; or,  which  is  the  same  thing, 
in  unequal  times,  it  describes  areas  that  are  proportional 
to  those  times.  And  Newton  has  since  demonstrated,  from 
' the  nature  of  universal  'gravitation  and  projectile  motion, 
that  the  orbits  must  of  necessity  be  ellipses,  and  the  mo- 
tions arc  found  to  observe  that  law,  both  of  the  primary 
and  secondary  planets;  excepting  in  so  far  as  their  mo- 
tions and  paths  are  disturbed  by  their  mutual  actions  on 
one  another ; as  the  orbit  of  the  earth  by  that  of  the  moon  ; 
or  (hat  of  Saturn  by  the  action  of  Jupiter;  &c. 

Of  these  elliptic  orbits,  there  have  been  two  kinds  as- 
signed; the  (irst  that  of  Kepier  and  Newton,  which  is  the 
-common  or  conical  rlUpM*;  for  which  Sejh  Ward,  though 
he  himself  employs  it,  thinks  we  might  venture  to  substi- 
tute circular  orbits,  by  using  two  points,  taken  at  equal 
distances  from  the  centre,  on  one  of  the  diameters,  hs  is 
done  in  the  foci  of  the  ellipsis,  and  which  is  called  his  Cir- 
cular Hypothesis.  The  second  is  that  of  Cassini,  of  this 
nature,  vis,  that  the  protlucls  of  the  two  lines  drawn  from 
the  two  foci,  to  any  point  in  the  circumference,  arc  every- 
where equal  to  the  some  conUanl  quanlitya  whereas,  in 
the  common  ellipse,  it  is  the  sum  of  those  two  lines  that 
is  always  a constant  quantity. 

'I'lic  orbits  of  the  planets  are  not  alt  in  the  same  plane 
wkh  the  ecliptic,  which  is  the  earth  s orbit  round  the  sun, 
but  are  variously  inclined  to  it,  and  to  each  other:  but 
still  the  piano  of  the  cclipttc,  or  earth’s  orbit,  intersects 
VoL.  II. 
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the  plane  of  .the  orbit  of  every  other  planet,  in  a right  line 
which  passes  through  the  sun,  called  the  line  of  the  nodes, 
and-the  points  of  intersection  of  the  orbits  themselves  are 
called  tno  nodes.  * 

The  mean  seroidiaroetars  of  the  several  orbits,  or  the 
meat)  distances  of  the  planets  from  the  sun,  with  the  ex- 
centricilies  of  the  orbits,  their  inclination  to  the  ecliptic, 
and  the  places  of  their  nodes,  are  as  in  the  fo^wing  table ; 
where  the  2d  column  contains  the  proportions  of  K'lmdia- 
meters  of  the  orbits,  the  true  scmidiameier  of  that  of  the 
earth  being  millions  of  miles ; and  the  3d  column  shows 
what  part  of  the  semidiameters  the  excuolficitics  are 
equal  to. 


Pluwn. 

Fropor. 
mtiid.  of 
OflMt. 

Esevnet. 
io  ptt.of 
oiPtn  dSst. 

Inrlifis. 
of  otbit. 

A>eef>duig 

Dtifle. 

Mercury  - - 

387 

6’ 54' 

8 I4®43' 

Venus  - - - - 

723 

3 20 

S 13  69 

Earth  - • . . 

1000 

0 0 

- • - 

Mars  .... 

1524 

1 

Tr 

1 32 

« 17  17 

Vcil»  .... 

23  JJ 

Vf ' 

7 8j 

U 13  18 

Juno  • - - - 

2664 

I 

X 

13  4 

>«  21  4 

Pallu  - . . . 

2765 

T 

34  38 

•■I  22  31 

Ceres  . . - . 

2767 

TT 

10  38 

n *21  7 

Jupiter  - - - - 

5201 

ar 

1 20 

2Z  7 29 

Saturn  - - - - 

9639 

A 

2 30 

S3  21  13 

Uranus  - - - - 

19034 

tV 

0 46j 

n 12  54 

The  orbits  of  comets  are  also  very  excentric  ellipses. 

ORDER,  in  Architecture,  a system  of  the  several  mem- 
bers, ornaments,  and  proportions  of  columns  and  pilasters, 
or  a regular  arrangement  of  the  projecting  parts  of  a build- 
ing, especially  the  column,  so  as  to  form  one  beautiful 
whole.  . 

There  arc  five  orders  of  columns,  of  which  three  ore 
Greek,  vis,  the  Doric,  Ionic,  and  Corinthian ; and  two 
Italic,  viz,  the  Tuscan  and  Composite.  The  throe  Greek 
orders  represent  the  three  different  manners  of  building, 
viz,  the  solid,  the  delicate,  and  the  middling : the  two 
Italic  ones  arc  imperfect  productions  of  these. 

Order,  in  Astronomy.  A planet  is  said  to  move  ac- 
cording to  the  order  of  the  signs,  when  it  is  difect ; pro- 
ceeding from  Aries  to  Taurus,  thence  to  Gemini,  Ac.  As, 
on  the  contrary,  its  motion  is  contrary  to  the  order  of  the 
signs,  u ben  it  is  retrograde,  or  goes  backward,  from  Pisces 
to  Aquarius,  &c. 

Order,  in  the  Geometry  of  Curve  Lines,  is  denomi- 
nated from  the  rank  or  order  of  the  equation  by  which  the 
geometrical  line  is  expressed ; so,  the  simple  equation,  or 
1st  power,  depotes  the  1st  order  of  lines,  which  is  the 
right  line;  the  quadratic  equation,  or  2d  |)owcr,  defines 
the  2d  order  of  lines,  which  are  the  conic  sections  and 
circle;  the  cubic  equation,  or  3d  power,  defines  the  3d 
onlcr  of  linn;  and  so  on. 

Or,  the  orders  of  lines  arc  denominated  from  the  num-* 
ber  uf  {•ints  in  which  they  may  be  cut  by  a right  line. 
Thus,  the  right  line  is  of  the  1st  order,  because  it  can  be 
cut  only  in  one  point  by  a right  line;  the  circle  and  conic 
sections  are  of  the  2d  order,  because  they  can  be  cut  in 
two  poinuJ>y  a right  line;  while  those  of  the  Sd  order, 
are  such  as  can  be  cut  in  three  points  by  a right  line;  and 
so  on. 

It  is  to  be  observed,  that  the  order  of  curves  is  always 
onedegree  lower  than  the  corresponding  line ; because  the 
1st  order,  or  right  line,  is  no  curve;  and  the  circle  aud  ^ 
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conic  sccHontf  which  Arc  the  2d  order  of  lines,  arc  only 
the  1st  order  of  corves;  &c.  Sec  Curtes  nnd  Lines. 
Also  Newton's  F.nunieratio  LioeAriim  Tcrtii  Ordinis.* 

ORDINATES,  in  the  Geometry  of  Cone  Lines,  arc 
right  lines  drawn  parallel  to  each  other,  and  cutting  the 
egrve  in  a certain  number  of  points. 

The  panllel  ordinatra  are  usually  all  cut  by  some  other 
line,  wbich^is  calle<l  the  absciss,  and  commonly  the  or- 
dinates are  perpcndicui  to  the  abscissal  line«  When 
this  line  is  a diameter  ol  ti:e  enrre,  the  property  of  the 
ordinates  is  then  the  most  r -markable;  for,  in  the  cur\-es 
of  the  first  kind,  or  (he  conic  sections  and  circle,  the  orili- 
nates  are  all  bisected  by  the  diameter,  making  the  part  on 
one  side  of  it  e<(ual  to  the  part  on  the  other ; and  in  the 
curves  of  the  2d  order,  which  may  be  cut  by  an  ordinate 
in  three  points,  then  the  three  |)arts  of  the  ordinate. 
Wing  between  ihor  three  iutenactions  of  the  curve  and 
the  intersection  with  the  diameter,  have  the  part  on  one 
side  the  diameter  equal  to  both  the  two  parts  on  the  other 
side  of  it.  And  so  for  curves  of  any  order,  whatever  the 
number  of  intersectinns  may  be,  the  sum  ^ the  parts  <»f 
any  ordinate,  nn  one  side  of  the  diameter,  being  in  all 
cases  equal  to  the  sum  of  tbe  ports  on  tl*e  other  side 
of  it. 

The  use  of  ordinates  in  a curve,  and  their  ah^^cisses,  is 
to  define  or  express  the  nature  of  the  curw,  by  means  of 
the  general  relation  or  iqustion  beturt  n them  ; and  the 
greatest  number  of  factors,  or  the  dimensioi.s  of  ihc  highest 
term,  in  such  equation,  is  always  the  same  as  the  order  of 
the  line  ; that  equation  being  a quadratic,  or  its  highi-st 
term  of  two  dimensions,  in  the  lines  of  the  2<l  or«ler,  being 
the  circle  and  conic  ss'Cliuns  ; nnd  a cubic  equation,  or 
its  highest  term  containing  3 dimensions,  in  the  lines  of 
the  3d  order ; and  so  on. 

• Thus.y  denoting  an  ordinate  bc,  and 
X its  absciss  sb;  ulsor/,  6,  c,  &c, given 
quantilii'v:  llicnjr’  =;  ax*  -4-  6r  -*•  c is 
the  general  equatii^n  for  the  lines  of  the 
td  order;  and  xy*  — = ax’  bx* 

Cl  -h  d 4S  the  equation  for  the  lines 
of  the  3d, order;  and  so  on. 

ORDNANCE,  are  u()  sorts  of  great 
guns,  used  in  war;  such  as  cannons, 
mortars,  howitzers,  Ac. 

ORFrYRLUS's  fi'/terh,  in  Mechanics,  is  a machiTw  so 
called  ffom  its  inventor,  which  he  asserted  to  be  a per* 
pvtnal  motion.  'Hiis  n,achine,  according  to  the  account 
given  of  it  by  Gravt'sande,  in  his  (Ruvres  Philosophiqucs, 
pubihhed  by  Alleinand,  Amst.  1774.  consisti-d  externally 
of  a large  circular  wheel,  or  rather  drum,  12  feet  in 
diameter,  and  J4  incite'*  deep;  being  very  light,  as  it  was 
formed  of  an  assentbhi^c  of  deals,  having  the  intervals  be- 
tween them  covered  with  waxed  cloth,  to  conceal  the 
interior  parts  of  it.  The  two  extiemitics  of  an  iron  axis, 
on  which  it  inmed,  rested  on  two  supports.  Oi^iving  a 
slight  impulse  to  the  wheel,  in  either  direction,  iVmotion 
was  giudually  ncKderatcd  ; so  that  after  two  or  three  re- 
volutiurts  it  acquired  so  great  a velocity  as  to  make  25  or 
26  turns  in  a minute.  This  rapid  motion  it  actually  pre- 
served during  the  space  of  2 months,  in  a chamber  of  the 
landgrave  of  Hesse,  the  dour  of  which  was  kept  locked, 
and  sealed  with  the  landgrave’s  own  seal.  At  the  end  of 
that  time  it  was  stopped,  to  prevent  the  wear  of  the  ma- 
terials. The  professor,  who  had  been  an  cyc-wilncss  to 
Cheae  circumstances,  examined  all  the  external  parts  of 


the  machine,  nnd  was  convinced  that  there  could  act  be 
any  cuinmunication  between  it  and  any  neighbouring 
room.  Oiffyreus  however  was  so  incensed,  or  pretended 
(n  be  BO,  that  he  broke  the  machine  in  pieces,  and  wrote 
ui)  the  wall,  that  it  was  tbe  impertinent  curiosity  of  pro- 
fessor Grwvesandc  which  made  him  take  this  step.  Thp 
prince  of  who  had  seen  the  interior  parts  of  tbts 

whe«l,  but  i^worn  to  secrecy,  being  asked  by  Gravesande, 
whether,  after  it  had  been  in  moliun  for  some  time,  there 
was  any  change  observable  in  it,  and  w hether  it  coniajned 
aii)s  pieces  that  indicited  fraud  or  deception,  answered 
both  questions  in  the  negative,  and  dcclari'd  that  the  ma- 
chine was  of  a very  simple  construction. 

ORGANICAL  Dacriptim  (^Carves,  is  the  description 
of  them  un  a plane,  by  means  of  instruments,  and  com-, 
monly  by  a«  continued  motion.  The  most  simple  con- 
struction of  this  kind,  is  that  of  a circle  by  rpeans  of  a 
pair  of  compasses.  The  next,  is  that  of  an  ellipse  by 
means  of  a thread  and  two  pins  in  the  foci,  or  tbe  ellipse 
and  hyperbola,  by  means  of  the  elliptical  and  hy|>crbolic 
compa»sc*s.  A greal  variety  of  descriptions  of  this  sort 
are  to  bo  found  in  ^chooten  De  Organica  Conic.  Sect,  in 
Piano  Descriplionc  ; in  Newton’s  Arithinciica  Univer^lis, 
De  rnrvarum  l)<'scripfione*Orgsnira  ; Maclaurtn’s  Geo- 
mvtria  Orgcttiica;  Bracki  nridge's  Desertplio  J.iiuanim 
Curvnrui'' ; Ac. 

OlKit’I'^fOr  OacANs,  in  rortificallon,  long  and  thick 
pieces  of  wood,  shod  with  pointed  iron,  and  hung  each  by 
n s,*pnratc  rope  over  the  galc-way  of  a town,  rcaily  on  any 
sitrpriM-  or  attempt  of  the  enemy  to  l)c  let  down  to  slop  up 
the  gate.  *Tlie  ends  of  the  i»cvera1  r«'»pes  arc  wound  about 
a windlass,  so  as  to  hv  let  down  ail  together. 

OaoitF..s  Is  also  used  for  a machine  composed  of  se- 
veral haiqiiebus'^es  or  musket^uirre!*,  bound  logtiber;  so 
as  to  make  severni  expl<»Mons  at  the  same  lime.  They  are 
Used  to  fU'fend  brv.ichc»  aiul  other  places  atfarked.  ' 

ORIENT,  the  east,  or  • astern  jroiut  olihc  hurison, 

OniRKT  £qui»octrdt  is  used  foi  that  point  (>f  the  bori- 
ton  where  the  sun  rises  when  he  is  in  the  equinoctial,  or 
when  he  enters  the  '-uns  Ariis  and  Libra. 

Ori  ENT  .irVm.r/,  ii  the  p-  ini  nhefr  the  sun  rises  in  the 
middle  of  summer,  when  the  days  un;  Itmgest. 

Orient  Hybxnal^  is  the  point  where  the  sun  rises  in  the 
middle  of  wmter.xvheii  the  ilays  arc  shortest. 

ORIEXT.AL,  situated  towards  the  ea^t  with  regard  to 
us ; in  opposition  to  occi<icittHl  or  the  west. 

OKiT.ytTAt  Astronomy,  l‘hH<KCphy,  8tc,  used  f«>r  those 
of  the  (*ast,  or  of  the  Arubians,  Chaldeans,  Persians,  In- 
dians, &c. 

ORILLON,  in  Fortificnlinn,  a small  rounding  of  earth, 
lined  with  a walk  raised  un  the  shimblerof  those  bastions 
that  have  casemates,  to  cover  the  cannon  in  the  retired 
dank,  and  prevent  their  being  dismounted  by  the  enemy.— 
There  are  other  sorts  of  urillons,  properl}'  calletl  epaule- 
ments,  or  shuulderiugs,  which  are' almost  uf  a squato 
figure. 

ORION,  a constellation  of  the  southern  hemisphere, 
with  respect  to  the  ecliptic,  but  half  in  (be  northern,  and 
half  on  the  sSuthern  side  of  the  equinoctial,  which  runs 
across  the  middle  of  his  body.  'Hic  stars  in  (his  constek- 
lalionare,  38  in  Ptolemy's  catalogue,  42  in  Tycho’s,  62  in 
Hevelius’s,  and  in  Flamsteed’s.  Uot  some  telescopes 
have  discovered  several  thousands  of  stars  in  this  constel- 
lation, of  whfch  there  are  2 of  the  first  magnitude,  nnd  ^ 
4 of  tbe  second,  besides  a grekt  inimy  of  the  third  and 
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fonrih.  One  of  those  two  stan  of  magnitude  it 

on  the  midJIe  of  the  left  foot,  and  is  culled  Kegel ; the 
other  i»  on  the  right  shoulder,  ami  callcii  Betelgucse  ; of 
the  4 <»f  the  st'cond  mugnitudo,  one  is  on  the*  left  shoulder, 
and  culled  Bclliitrix,  and  the  other  ihn-c  are  in  the  belt, 
lying  neurly  in  aright  line  and  at  equal  distances  from 
each  other,  forimng  wbut  is  popularly  culled  the  Yard- 
wand. 

lliis  constellation  is  one  of  the  48  old  atterisnis,  and 
one  of  the  most  remarkable  in  the  heavens.  It  is  in  the 
figure  of  a man,  hasing  a sword  by  his  side,  and  seerps  at- 
tacking the  bull  with  a club  in  his  right  baud,  bis  left  bear- 
ing a shield. 

No  constellation  was  so  terrible  to  the  mariners  of  the 
early  periods,  this  of  Orion.  He  is  BH'ntioned  in  this 
way  by  all  the  Greek  and  I.atin  poets,  and  even  hy  their 
historians;  his  rising  and  setting  being  attenilrd  by  storms 
and  tempests:  and  as  the  northern  constellations  are  made 
the  followers  uf  the  Pleiades;  scare  the  southern  ones  made 
the  attendants  of  Orion. 

The  name  of  this  cnnstellntion  is  also  met  witH  in  Scrip- 
ture several  times,  visV  in  the  books  of  Job,  Amos,  and 
Isaiah.  In  Job  it  is  asked,  **  Cans!  ihoii  hind  the  svtrret  in- 
fluence of  thc^k'iades,  or  loose  the  hands  of  Orion  i'*  And 
Amos  says,  **  Seek  him  that  maketh  the  Seven  Stars  and 
Orion,  and  turneth  the  shadow  of  death  imo  morning.'' 

Orxok's  /<ioer,tbe  same  as  the  constelUtion  Eridanus. 

OKLe,  OtiLET,  or  Onto,  in  Architecture,  a fillet  un- 
der the  ovolo,  or  quarter-round  of  a copita).— When  it  is 
at  the  top  or  bottom  of  (he  shaft,  It  is  called  the  cincture. 
— Palladio  also  uses  Orlo  for  the  plinth  uf  the  bases  of  co- 
lumns and  |H.'dcstals. 

OKUERY,  an  astronomical  machine,  for  exhibiting  the 
various  motions  and  appearances  of  the  sun  and  planets; 
hvicc!  often  called  a Planetarium.  The  term  Orrery  ap- 
plied to  this  instrument,  we  are  informed  by  Dcsagulicr^, 
arose  from  the  fullowing  circumstuncc Sir.  Rowley,  a 
mathematical  inslrumcnt-maki'r,  having  gut  ono  from  Mr. 
George  Graham,  the  original  inventor,  to  be  sent  abroad 
with  some  uf  bis  own  instruments,  he  copied  it,  and  after- 
wards constructed  one  for  the  curl  of  Orrery.  Sir  Richard 
Steele,  who  knew  nothing  of  Mr.  Graham's  machine,  think- 
ing to  do  justice  to  the  first  encourager,  as  well  as  to  the 
inventor  of  such  a curious  instrument,  called  it  an  orrery, 
and  gave  Rowley  the  praise  due  to  Mr.  Graham.  Drsagu- 
iK'rs's'Expcrim.  Philos. vol.  1,  pa.  4-10.  The  figure  of  ibis 
grand  orrery  is  exhibited  at  fig.  I,  pi. 24.  It  is  since  made 
in  various  other  figures. 

ORTEIL,  in  Fortification.  Sec  Ik.auE. 

OUTELIUS  (Ami.siiam),  acelebrated  geographer,  was 
bom  at  Antwerp,  in  1327-  He  was  well  skilled  in  the 
languages  and  mathematics, and  acquired  such  reputation 
by  his  skill  in  geography,  that  he  was  sumamed  the  Pto- 
lemy of  his  time.  Justus  Lipsius,  and  most  of  the  learned 
men  of  the  Ifilh  century,  wcre*our  auihor*s  intimate 
friends.  He  passed  some  time  at  Oxford  in  the  reign  of 
Edward  the  6th ; and  he  visited  England  a second  lime 
in  I. *177. 

Ilis  Theatrum  Orbts  Terr®  wm  the  coropletest  work  of 
the  kind  that  had  ever  been  published,  and  gained  our  au- 
thor a reputation  adenuatc  to  his  immense  labour  in  com- 
piling it.  He  wrote  also  several  other  excellent  geographi- 
cal works : the  principal  of  which  are«  his  Thesauros,  and 
his  Synoiiynm  Geogniphica.— Use  learned  world  is  also  in- 
debt^  to  him  for  the  Bntannia^  which  wu  tindcriaken  bj 


Cambden  at  his  request.— He  died  at  Antwerp,  1598,  at 
7 1 years  of  agr. 

OKTHOOIIOMICS,  in  Navigation,  is  Great-circle 
sailing,  or  the  art  of  sailing  in  the  arch  c^a  great  circle, 
which  is  the  shortest  coufm.*  : for  the  arch  of  a great  ciftle 
is  orthodromia,  or  liip  shortest  distance  between  two  points 
or  plac<*s.  • 

(JRTIIOGONIAL,  in  Geometry,  is  t|ie  same  as  rect- 
angular, or  right-angled. — When  the  term  refers  to  a plana 
figure,  It  supposes  one  leg  or  side  to  stvnd  perpendicuUr  to 
the  other : when  spoken  of  solids,  it  supposes  their  axes  to 
be  pciqH'ndicutar  to  the  plane  of  the  horizon. 

ORTHOGRAPHIC,  or  ORTiiociRvruicaL  Prtyectian 
of  the  Sphere,  is  the  projection  of  its  surface  or  of  the 
sphere  ou  a plane,  posing  through  the  mij^lc  of  it,  by  an 
eye  vciticaily  at  an  infiniu*  distance.  See  Projectiox. 

ORTHOGRAPHY,  iu  Geometry,  is  the  drawing  or  de- 
lineating the  frpnt  plan  or  side  of  any  object,  and  of  ex- 
pressing the  he^Uor  elevations  of  every  part : being  so 
called  from  its  deUneattng  objects  by  pcrpcitdicular  right 
lines  falling  on  the  geometrical  plan;  or  rather,  because 
all  the  horizontal  lines  are  here  straij^t  and  parallel,  and 
not  oblique  as  m representations  of  perspective.  * 

OnTiiucaapiiY,  in  Architecture,  b the  profile  or  ele- 
vation of  a building,  showing  all  the  parts  in  their  true 
proportion,  Thik  is  either  external  or  internal. 

Orthoorapht,  is  a delineation  of  the  outer 
face  or  front  cf  a building;  showing  the  principal  wall  with 
its  afwrtures,  roof, omamenta, and  every  thing  visible  to  an 
eye  placed  before  the  building.  And 

Internal Ortuooh  ATHTt  called  also  a Section,  is  a de- 
lincarVrm  or  draught  of  a building,  such  as  it  would  ap{>car 
if  the  external  wall  were  mmuvcd. 

Oktiiooraimi  Y,  in  Fortification,  is  the  profile,  or  re- 
presentation of  a work;  ora  drauchi  so  conducted,  as  that 
the  length,  breadth,  heicht,  and  thickness  of  (he  several 
parts  arc  expressed,  sucK  as  they  would  appear  if  it  were 
perpendicularly  cut  from  top  to  bottom. 

Ortiiog  RAPii  V,  in  Perspective,  is  the  front  side  of  any 
place ; that  is,  the  side  or  plane  that  lies  parallel  to  a 
straight  lino  that  may  be  imaginod  to  pass  through  the 
outward  convex  points  of  the  eyes,  continued  to  a conve- 
nient length. 

OKTl  V E,or  Eattem  Amplitudet  in  Astronomy,  is  an  arch 
of  the  horizon  intercepted  between  the  point  where  a star 
rises,  and  the  east  point  of  the  horizon. 

OSCILLATION,  in  Mechanics,  denotes  the  vibration, 
or  the  reciprocal  ascent  and  decent  of  a pendulum. 

If  a simple  pendulum  be  suspended  between  two  sem^ 
cycloids,  BC,  CD,  that  have  the  diameter  cp  of  the  gc- 
uerating  circle  equal  to  half  the  length  of  the  strihg,  so 
that  the  string,  os  the  body  £ oscillates,  fohb  about  them, 
then  will  the  body  oscil- 
late in  another  cycloid 
BF.  A o,simiiar  and  equal 
to  the  former.  And  the 
time  of  the  oscillation 
iiAnyarc  AX,  measured 
from  the  lowest  point 
A,  is  always  the  samo 
constant  quantity, whe- 
ther that  arc  be  larger 
or  smaller.  Rut  the  oscillations  in  a circle  are  unequal, 
those  in  the  smaller  arcs  being  less  than  ihosa  in  the 
larger;  and  so^ways  less  and  less  as  the  arcs  atu  smaller. 
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but  still  greftter  than  the  time  of  oKilUtion  in  a cycloidal 
arc ; till  the  circular  arc  becomes  very  small,  and  then  the 
time  of  oscillation  in  it  is  very  nearly  equal  to  the  time  in 
(he  cycloid,  because  the  circle  and  cycloid  have  the  same 
cufVBturc  at  (be  vertex,  the  length  of  the  string  being  the 
Common  radius  of  curvature  toihcn^l^tb  at  that  point. 

The  lime  of  one  whole  oscillai»oii*in  the  cycloid,  or  of 
un  ascent  and  descent  in  any  arch  of  it,  is  to  the  time  in 
which  a heavy  body  would  fall  frvely  through  cf  or  fa, 
the  diameter  of  the  generating  circle,  or  through  half  the 
length  of  the  pendulum  string,  as  the  circumfeience  of  a 
circle  Is  to  its  diameter, .that  isos^'1416  to  1.  So  that  if 
/ denote  the  length  of  the  pendulum  ca,  andg  =s 
= 193  inches,  the  space  through  which  a heavy  body  falls 
in  the  1st  second  of  time, andpi=3'14l6*  the  circumference 
of  a circle  w hole  diameter  is  1:  then  by  the  laws  of  falling 

bodies,  it  is  : : l"*  : tbc  time  of  falling 

through  cr  or  \i;  therefore  1 

is  the  lime  of  one  vibration  io  any  arch  of  the  cycloid 
which  has  the  diameter  of  its  generating  circle  equal  to  {i. 
Or,  by  substituting  the  kaowD  numbers  iotp  and  7,  Uie 
timcol  an  oscillation  becomea  barely^ or « (To  y'f  very 
nearly,  or  more  iiearlv  f being  the  Icfigih  of  the  ik'd- 
dulum  in  inches.  And  tbereibre  ibis  U al^  aer^.  nearly  the 
time  of  an  oscillation  in  ttaoilcircularnic,  whose  radius 
is  I incht's. 

Hence  the  times  of  the  oscillation  of  pendulums  of  dif> 
ferent  lengths,  arc  directly  in  the  subdupiicatc  ratio  of 
(heir  lengths,  ur  as  the  square  roots  of  their  lengths.— The 
more  exact  time  of  oscillaliug  in  a circular  arc,  w ben  this 
is  of  some  finite  small  length,  is 

where  h is  the  height  of  the  vibration,  or  the  versed  sine  of 
the  single  arc  of  ascent  or  descent,  to  the  radius  L 

The  celebrated  Muygcus  first  resolved  the  problem  con- 
cerning the  oscillations  of  pendulums,  in  bis  book  Dc 
Horologio  Oscillatorio,  n^ducing  compound  pendulums  to 
simple  ones.  And  his  doctrine  is  founded  on  this  hypo- 
thesis, that  the  common  ccutre  jl>(  gravity  of  si’vcral  bo- 
dies, connecird  togetb’er,  must  ascend  exactly  to  the 
tame  height  from  which  it  fell,  whether  those  bodies  be 
united,  or  separatt  d fn»m  one  another  in  ascending  again, 
provided  that  r.ich  begin  to  ascend  with  Ibe  velocity  ac- 
qtiircfi  by  its  descent. 

This  supposition  was  opposed  by  several  persons,  and 
very  much  suspected  by  others.  And  those  even  who  be- 
lieved the  truth  of  it,  yet  thought  it  too  daring  to  be  ad- 
mitted without  proof  into  a science  which  demonstrates 
every  thing. 

At  length  James  BcrnnulH  demonstrated  it,  from  (he 
nature  of  the  lever;  and  publi&hed  bis  solution  in  the 
Me  ni.  Acad.  desScienc.,  of  Paris,  for  the  year  1703.  .After 
his  death,  which  happened  in  l/OS,  bis  brother  John  Ber- 
noulli gave  a more  easy  and  simple  solution  of  the  same 
problem,  in  the  same  Memoirs  for  I7J4;  and  about  the 
same  time.  Dr.  Brook  Taylor  published  a similar  solutian 
in  bis  Methodus  Incnmentoruin:  which  gave  occasion  to 
a dispute  between  these  two  matbemHliciaiis,  who  accused 
each  other  of  having  stolen  their  solutions.  The  particu- 
lars of  which  dispute  illay  be  seen  in  the  Leipsic  Acta  fur 
1716,  and  in  Bernoulli's  works,  printed  in  1743. 

Axis  q/'OsciLL.iTiov.is  a line  parallel  to  tl>e  horizon, 
tuppoKd  to  pass  through  ibc  centre  or  fixed  point  about 


which  the  pendulum  oscillates,  and  perpendicular  to  the 
plane  in  which  the  oscillation  is  made. 

Onire  of  OsciLLATius,  in  B suspended  body,  isa  cer- 
tain point  in  it,  such  that  the  05cil)ulion  of  the  body  will  be 
made  in  ihc  same  time  us  if  that  point  alone  were  sus- 
pended ui  ihat  distance  from  the  point  of  suspension.  Or 
It  is  the  point  into  which,  if  the  whole  weight  uf  the  body 
be  collected,  the  ieversil  oscillatiutis  will  In*  |>erfnrmtd  m 
the  same  time  as  before:  the  oscillations  bring  made  only 
by  the  force  of  gravity  of  the  oscillating  body,  bee  Cen- 
tre qf  OsciUaitM. 

ObCCLATiON,  in  Geometry,  denotes  the  contact  l>c- 
tweeii  any  curve  and  its  osculutory'  circle,  that  is,  the  cir- 
cle of  the  same  curvature  with  the  given  curve,  at  the 
point  of  contact  or  of  osculation,  ll  acbe  the  evolute  of  the 
involUiucurvc  AKF,  and  the  tangent  CR  the  rftdius  of  cirr- 
vaturc  at  the  point  e,  with  which,  and  the  centre  c,  if  the 
circle  BEu  be  described;  this  ciicle  is  said  to  osculate  the 
curve  AEK  in  the  point  e,  which  point  t M.  lluygms  calls 
the  point  of  o!>cuiation,  ur  kissing  point. 

I'he  line  CR  is  called  the  osculau>ry  radius,  or  the  radius 
of  curvature;  and  the  circle  beg  ihe  osculatory  ur  kisjiing 
circle. 

The  rvolute  ac  is  the  locus  of  the  centres  of  all  the  cir- 
cles that  osculate  the  involute  curve  aef. 


Osci’LATiox  also  means  the  point  of  concourse  of  two 
branches  of  a curve  which  touch  each  other.  For  ex- 
ample, if  the  equation  of  a curve  bey  = ^/x  it  is 

easy  to  sec  that-tbc  curve  lias  two  bram  hes  touching  one 
another  at  the  pt>int  where  x = 0,  because  the  roots  have 
each  the  signs  ■4*  ami  — . 

The  }MHiit  of  osculation  difii-rs  from  the  cusp  or  point 
of  relrucesrinis(wliicl]  is  ulv»  a kind  of  point  of  contact  of 
two  branches)  in  ibis,  that  in  this  latter  case  the  two 
brunches  terminate,  and  pass  no  fiutLcr,  hut  in  the  former 
the  two  branches  exist  on  bolh  sides  of  the  point  of  oscu- 
lation. Thus,  in  the  second  figure  above,  the  }K>inl  n is 
the  osculation  of  the  two  branches  .a  Rt>,  erp;  but  a, 
though  it  is  also  a. tangent  point,  iv  a cusp  or  (he  point  of 
rctroct's&ion.of  AC  and  ab.iIic  branches  not  po&siiig  Uy  oud 
the  point  a. 

OSCULATORY  Cfrcfe,  is  the  same  as  the  circle  of  cur- 
vature; that  IS,  the  cirde  having  the  same  curvature  with 
any  curve  at  u given  point.  Jh*c  tlic  foregiiing  article, 
Osculaiion,  where  liEG,  in  the  last  figure  but  one,  is  the 
osculatory  circle  of  the  curve  arf  ai  the  point  K ; and  CR 
the  oscuiatory  radius,  or  the  radius  of  curvature. 

This  ciicle  is  colled  osculatory,  because  that,  of  all  (he 
circles  tliat  can  touch  the  curve  in  the  same  point,  that 
one  touches  it  the  closest,  or  in  such  luunncr  llmt  no  other 
tangent  drcic  can  bo  drawn  U*tween  it  and  the  curve;  so 
that,  in  touching  the  curve,  it  embraced  it  as^  were,  both 
touching  and  cutting  it  at  the  same  lime,  being  ou  om 
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fiJe  at  the* convex  part  of  lUc  curve,  and  on  the  other  tit 
the  concave  pan  of  il^ 

In  A circle,  all  the  oKulatory  ratlii  are  t-qual,  being  the 
common  nidiusof  the  circle;  the  evuiute  ol  a circle  being 
only  V point,  which  is  it*  centre.  See  some  |^Ofx*riie$  of 
the  oyrulator)*  circle  in  Maclaurina  Algebra,  Appemlix 
l)f  Um*arum  Geomelricarum  Proprietatibus  grneralihus 
Tracmius, ‘Iheor,  2,  § 15,d;c,  treated  in  a pure  geometrb 
cal  manner.  • 

OacuLATOfiT  ParaWa.  See  Parabola. 

Osculatort  Pointi  the  osculation,  or  point  of  contact 
between  n cur\*v  and  its  osculatory  circle. 

OSTKNSIVR  DemonstraiionSf  sach  as  plainly  and  di*  - 
nctly  demonstrate  the  truth  of  any  proposition,  in  which 
they  stand  distinguished  from  apagogicni  ones,  or  reduc> 
lions  A<1  absurd  um,  or  ad  impossibilc,  w hkh  prove  the  truth 
proposed  by  demonstrating  the  absurdity  or  iroposaibiUly 
of  the  coiiirary- 

Ol'ACOUb  l’lC,  an  instrument  that  aids  or  improves 
theaense  of  hearing.  See  Acoustics. 

OV^AL,  «n  oblong  curvilinear  tigure,  having  two  un- 
equal diamciera,  and  bounded  by  a curve  line  returning 
into  itsdl.  Or  a hgure  contained  by  r single  curve  line, 
imperfectly  round,  its  length  being  greater  iban  its  breadth, 
like  an  egg:  whence  its  name.  ']*hc  proper  oval,  or  egg- 
shape,  i«  an  irregular  tigure,  being  narrower  at  one  end 
than  at  the  other;  in  «hi^i  it  ditfersfrom  tlie  ellipse,  which 
is  the  mathematical  oval,  and  is  equally  broad  at  both  ends. 
The  common  people  confound  the  two  together : but  geo- 
tnetricians  call  the  oval  a false  ellipse. 

The  imthod  of  describing  an  oval  chiefly  used  among 
artilicerj,  is  by  a cord  or  string,  as  sii/,  whose  length  is 
cqoal  to  the  greater  diamtHer  of  the  intended  oval,  and 
which  is  fastened  by  it*  extremes  to  two  ]M>ints  or  pins, 
vand/,  planted  in  its  longer  diameter;  then,  huIJir^  it 
always  stn-tched  out  as  at  H,  with  a pin  or  pencil  carried 
round  the  inside,  the  oval  is  described:  which  will  be  so 
much  the  longer  and  narrower  as  the  two  fixed  points  are 
farther  apart.  'Phis  oval  so  descfiberl  is  the  true  mathe- 
matical ellipse,  the  points  v and  / being  the  two  foci* 
But,  in  architectural  designs,  where  great  accumcyia  re- 
quired, the  e'hplic  compasses  arc  better  empluyed.  See 
CoMPASBES  £//jplicaf. 


and  pleasant  shapes, among  curve  lines  of  the  higher  kinds. 
These  figure's  are  expressed  by  equations  of  all  dimensions 
above  the  2d,  and  ■more  especially  the  even  diim  nsions^  as 
the  4lh,  6th,  &c.  Of  ibis  kind  is  the  equation  s 
X*  air^,  which  denotes  the  oval  b,  in  shape  of  the 


section  of  a pear  through  the  middle,  and  is  easily 
scribed  by  roi-aVis  of  poiiilv*  For,  if  a circle  bo  described 
whose  diameter  aC  is  zs  a,  and  ad  be  perpendicular  and 
equal  to  ac;  then,  taking  any  point  p m ac,  juioing  dp, 
and  drawing  pn  purollel  to  ad,  and  xo  parallel  to  ac; 
and  lastly  taking  pm  =r  Ko,the  point  m will  be  one  point 
of  the  oval  sought.— In  like  manner  the  equation 
y*  — 4y*  = — ux*  cx*  >+•  dx  e * 

expresses  several  veiy  pretty  ovals,  among  which  thP  fol- 
lowing 12  are  sorrTe  of  the  most  remarkable.  For  w-hen 
the  equation  ax*.^  bx^  -e  cx‘  dx  e has  four  real 
une((ui<l  roots,  the  given  equation  denotes  the  three  ful- 
lowring  species,  in  fig.  I,  2,  3 : 

Fig.  I.  Fig.  2.  Fig.  3. 

S-Bcq® 

When  the  two  less  roots  arc  ^ual,  the  three  species  wiU 
be  expressed  as  in  fig.  5,  6,  thus:  , 

Fig.  4.  ■ Fig.  5.  Fig.  6. 
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When  the  two  less  roots  become  imaginary,  it  will  denote 
ihc  three  species  exhibited  in  fig«7*  h,  9^ 

Fig.  7.  Fig.  8-  Fig.  9. 


Another  popular  way  to  describe  an  oval  of  a givew 
Icngih  and  bn*adth,  is  thus: — Set  the  given  length  and 
'breadth,  a a and  cd,  to  biMct  each  other  perperwliculariy 
«t  e;  with  theceutre  c,  aim  radius  a r,  desciibcan  arc  to 
cross  AR  in  F and  «;,>tben  with  tiu-se .centres,  v and  c, 
Aod  radii  APand  bg,  d<‘tcribe  two  little  arcs  Hi  and  kl 
for  the  smaller  ends  of  the  oval ; and  lastly,  with  the  cen- 
tres cam!  D,and  radius  CD,  <lescribc  the  arcs  iiK  and  ii^ 
for  the  tlaUvr  or  longer  sides  of  the  oval.  Hut  ibis,  it  is 
evident,  does  not  form  a true  ellqise.  Sumetiiucs  other 
points,  instead  of  c and  d,  are  to  ^ taken  by  trial*  as  cen- 
tres in  the  lino  CD,  produced  if  necessary,  so  os  to  make 
ibe  two  last  arcs  join  best  with  the  two  former  ones. 

Oval  denotes  also  cettaiu  roundish  figurt's,  of  various 
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Wlicn  the  two  miilitlc  roots  arc  equal,  the  specie*, will  be 
a*  appears  in  fift.  10:  when  two  pair  of  root*  arc  equal, 
the  species  will  be  as  in  fig.  1 1 : and  » hen  the  two  middle 
roots  become  iinaginarj,  the  species  will  be  as  appears  in 
fig.  12  : 

Fig.  10.  Fig.  11.  Fig.  12. 


OUGUTDED  (\ViLiiAU),aii  eminent  English  mntbe- 
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inatici&n  and  divine,  wnborn  at  Eton  in  Buckinghimshire, 
1573,  ami  I'ducBted  in  (lie  vcbuol  there;  whence  he  was 
elected  to  KingVcoilejLe  in  C«mbnds;e-in  I69’2,  where  be 
contmutd  about  1'2  >ear»,  and  became  a fellow  ; cinp)o)  « 
ing  hi»  time  in  cIom*  application  to  uiieful  studies,  particu- 
larly the  imithcmaticHl  sciences,  which  he  contributed 
greatty,  by  his  example  and  exhortation,  to  bring  into 
vogue  among  iris  acqtuiintaiices  there. 

About  lfio3  be  quitted  the  university,  and  was  pre- 
sented to  thu  of  Aldbury,  near  Guildford  in  Sur- 

rey, w here  he  li^edalpng  re  tired  and  stndious  life,  seldom 
travelling  to  fiu  tta'liondon  once  a year  ; his  recreation 
being  a diversity  of  studies.  *'  As  often,"  says  he,  “ as  I 
was  tired  with  the  labours  of  my  own  prof»*ssion,  1 have 
allayed  that  tediousness  by  walking  in  the  pleasant,  and 
morq  than  Elysian  Fields  of  the  diverse  and  various  parts 
of  kninan  learning,  and  not  of  the  maiheroatics  only." 
About- the  year  |6'28  he  was  appointed  by  the  carl  of 
Arundel  tutor  to  his  sun  lord  William  Howard,  in  the  ma- 
thematics, and  his  Clavis  was  drawn  up  for  the  use  of  that 
young  nobleman.  JJc  always  held  a correspomJence  by 
letters  with  many  of  the  most  eminent  ssholars  of  bis  time, 
on  matheiuaiic^  subjects : the  originals  of  which  were 
preserved,  and  communicated  to  the  Royal  Society,  by 
William  Jones,  req.  The  chief  mathematician*  of  that 

Xowed  much  of  their  skill  to  him  ; and  hi«  house  was 
ayt  full  of  young  gentlemen  who  came  from  all  parts 
to  receive  his  instruction  : nor  vvas  he  without  invitations 
to  settle  in  France,  Italy,  and  Hollaml.  **  He  was  as  face- 
tious," says  Mr.  David  Lloyd,  in  Creek  and  Latin,  as 
solid  m arithmetic,  geometry,  and  the  sphere,  of  all  mra- 
sun-4,  music,  dee  ; exact  in  his  style  as  in  his  Judgment ; 
handling  his  tube  and  other  instruments  at  80  as  steadily 
as  others  did  at  50  ; owing  this,  as  he  said,  to  temperance 
and  exercise;  principling  his  peogle  with  plain  and  solid 
truths,  as  be  did  the  world  with  great  and  useful  arts ; 
advancing  new  inventions  in  all  things  but  religion,  which 
he  endeavoured  to  promote  in  its  primitive  purity,  main- 
taining that  prudence,  meekitess,  and  simplicity  wore  the 
great  ornaments  of  hia  life." 

Notwithstanding  Oughtred’s  great  merit,  being  a strong 
royalist,  he  was  in  danger,  in  l6t6‘,  of  a &eque<«tratton  by 
the  committee  for  plundering -minuters;  several  articles 
bi'ing  deposed  and  sworn  against  him  : but,  on  bis  day  uf 
hearing,  William  Lilly,  the  famous  astrologer,  applied  to 
sir  Bulstrode  Whitluckc  niid  ull  bU  old  friends  ; who  ap- 
|K-ai\‘<l  so  numerous  m hts  t>ehalf,  that  though  the  chair- 
man and  many  other  presbyterian  members  «en‘  active 
against  him.  yet  he  was  cleared  by  the  majority.  This  is 
told  us  by  Lilly  himself,  in  the  lliMory  of  hU  own  Life, 
where  he  styles  Oughtred  the  most  famous  raaihematician 
tiien  of  Europe. — He  died  in  I66O,  at  86  years  of  age,  and 
was  buried  at  Aldbury.  It  is  said  be  died  of  a sudden 
ecstavy  of  joy,  about  (he  beginning  of  May,  on  hearing 
the  news  of  the  vote  at  \SVslmi«sler,  which  passed  for  the 
restoration  of  Charles  the  2d. — He  left  one  son,  whom  he 
put  apprentice  to  a watch-maker,  and  wrote  a iKHik  of  in- 
structions in  that  art  for  his  use. 

He  published  levcni!  works  tii  his  life-time;  the  prin- 
cipal of  which  are  the  following : 

L Ariihmrtic«e  in  Numero  et  S{>eciebus  Institutio,  io 
8vo,  1631.  This  treatise  he  intended  should  serve  os  a 
general  key  to  the  mathematics.  It  was  afterwards  re- 
printed, with  considerable  alterations  and  additions,  in 
i648,  under  the  title  of  A Key  to  the  Mathematics.  It 


wit  also  published  in  Giiglisli,  with  several  ^additional 
tracts  ; vix,  our  on  the  lU  vulution  of  ail  kinds  of  AtfecU^ 
Equations  in  Numbers;  a second  ou  Compound  lutcrcst ; 
a third  on  the  easy  Art  of  Delineating  lilt  luanm  rof  Plain 
Suii-dials;  aLo  a DemoosUadou  of  the  Rule  of  Foise- 
d^usitioD.  A 5d  edition  of  (he  same  work  vius  printed  in 
l662,  in  l^tin,  with  the  same  additional  tracts,  together 
vtith  some  others,  vis,  On  the  Use  of  Logarithms;  A De- 
cUraliun  of  the  10th  book  of  Euclid's  Elements;  a iira- 
tise  on  Regular  builds;  and  the  Theorems  couiainoti  in 
Uic  books  uf  Archimedes. 

2.  The  Circles  of  Proportion,  and  a Horizontal  Instrn- 
ment;  in  1055,  410;  published  by  his  scholar  .Mr.  Wiilinm 
Foster.—- 3.  DcscripUon  and  Use  of  the  Double  Horizootal 
Dial;  I636,  8vu.— 4.  Trigooumetria : hi*  (reatitor  on  Tri- 
gonometry, in  Latin,  in  4to,  105/  ; and  unothercdiiion  in 
English,  together  with  Tables  of  Sines,  'iungenis,  and  Se- 
cants. 

He  left  behind  him  a great  number  of  p8)>crs  on  mathe- 
matical subjects;  and  in  most  of  h's  Greek  and  Latin 
mithematicai  books,  (fiere  were  found  notes  in  his  own 
haod-wntinl;,  with  an  abridgment  of  almost  rv^ry  propo- 
sition uud  deiiiotibtratioii  in  tiic  nuirgin,  which  came  into 
the  museum  of  the  late  Williaro  Jones,  esq.  These  books 
and  manuscripts  then  parsed  into  the  Jiands  of  his  friend 
sir  Charles  Scarborough  the  physician ; the  latter  01 
which  were  carefully  looked  over,  and  all  (hat  were  found 
61  for  the  press,  printed  at  Oxford  in  1676,  in  8vo,  under 
the  title  of 

5.  Opuscula  Mathcmatica  hactenus  iiK-dita.  This  col- 
lection contains  the  following  pieces:  (1)  lavUtuiidnes 
Meclianirz:  (2)  De  Variis  Corporum  Geiienbus  Gravi- 
tate et  Magnitudinc  comparatis ; (5)  Automata:  (4) 
Quaxiiinncs  Diophanlt  Alexandrini,  libri.  tres:  (5)  De 
I'riangulis  Pluiiis  Uectangulis:  (6)  De  Divisione  Stiper- 
hcieruin : (7)  Musicte  Elemcnlu:  (8)  De  Propugnacu- 
jorum  .Munitionibus  : (p)  Sectioncs  Angulaivs. 

6.  In  1660,  sir  Jonas  Moore  annexed  to  his  Arithmetic 
a treatise  entitled,  **  Conical  St'Clions;  or,  The  several 
i^clioiis  of  u Cone;  being  an  Analysis  or  Methodical 
Contraction  of  the  two  hrst  books  of  Mydorgius,  and 
whereby  the  nature  of  the  Par.ibbla,  Hypethola,  and  El- 
lipsis, is  very  cleaily  laid  down.  Translated  from  the  pa- 
pc'rs  of  the  learned  William  Oughlrcd." 

Ooghtred,  though  undoubledly  a vTry  great  mathema- 
tician, was  yet  far  from  having  the  happiest  method  of 
Ueutiiig  the  subjects  he  wrote  upon.  His  style  and  man- 
ner were  very  concise,  obscure,  and  dry  ; and  bis  rules  anil 
precepts  so  involved  in  symbols  and  abbrevietiuiis,  ns  ren- 
dered his  mathematical  writings  very  troublesome  to  read, 
and  diflicult  to  be  understood.  Ib'sides  the  characters 
and  abbreviations  before  made  use  of  in  algebra,  he  io- 
iruduccd  sevaml  others ; as 

K to  denote  multiplication  0 ** 

: : for  proportion  or  similitude  of  ratios; 

^ for  continued  proportion  ; 

^ I for  greater  and  less  ; **  ^ 

OUNCE,  a small  weight,  being  the  l6th  part  of  a pound 
avoirdupois;  and  the  I2th  part  of  a pound  troy. — Hie 
avoirdupois  ounce  is  divided  into  I6  druchms  or  drains; 
alio  tbe  ounce  troy  iutq^4^pciinyweigbtb,  and  the  penny- 
weight into  24  graim. 

OVOLO,  in  Architecture,  a round  moulding,  whoae 
prefile  or  sweep,  in  tbe  Ionic  agd  composite  capital,  is' 
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utvallj  a qnftMnt  of  a circle ; whence  il  ra  also  popularly  . 
called  the  quarter  round. 

OUTWARD  or  lhiri^a*fcq/‘/Ac  7V*ai7/c, 

is  that  comprehemicd  by  the  two  flanking  lines  of  defence. 

OUTWORKS,  in  Fortification,  all  those  works  made 
ou  tba^sitsHle  of  ibe  ditch  of  a fortified  place,  to  cprer 
and  defend  it— <')ulworks,  called  also  advanced  and  dc> 
taahed  works,  arc  tho«e  which  not  only  serve  to  cover  the 
body  of  Uic  place,  but  also  to  keep  (he  enemy  at  a di> 
stance,  and  pn*vent  them  from  taking  advantage  of  the 
cavities  und  elesatiuns  usually  found  in  the  places  about 
the  counterscarp  ; which  might  serve  them  either  as  ludf- 
ments,  «or  as  rtdeaux,  t<f  facUitate  the  carrying  on  their 
trencbvs,  and  planting  ifacir  batteries  against  the  place. 
Such  are  ravelins  tenailies,  bornwurks,  queue  d'arondes, 
envelopes,  and  cruwowurks.  Of  these,  the  most  usual  are 
lavclini,  or  balfmoom,  formed  between  the  two  ba^tiom, 
on  the  flanking  angle  of  the  countcrsc.irp,  and  before  the 
curtnint  to  cover  the  gales  and  bridges. 

It  is  a general  rule  in  ail  outworks,  that  if  there  bo  se- 
veral of  them,  one  before  another,  to  cover  one  and  the 
same  (rnaille  of  a place,  (be  iiedVer  ones  must  gradually, 
and  one  alter  another,  command  those  w hich  are  farthest 
advanced  out  iiith  the  campagiie;  that  is,  must  have  higher 
ramparts,  that  so  they  may  overlook  and  fire  upon  (he  be- 
tiegerA,  when  they  are  masters  of  (be  mure  outward  works. 
The  gorges  also  of  all  outworks  should  bf*  plain,  and 
without  |iampcts ; lest,  wbrn  taken,  they  should  serve  to 
secure  the  besiegers  against  the  fire  of  the  TCtiring  l>e- 
sieged  ; whence  the  gorges  of  outworks  are  only  pahsa- 
dotnl,  lu  prevent  a surprise. 

OX«KYk^  ill  Optics,  ^cc  Scioptic,  and  Camera 
Oiuevra 

OXGANO,  or  Oxoatr,  of  land,  is  usually. taken  fur 
1 5 acres ; being  as  much  liiml  as  it  is  suppni^d  one  ox  can 
plow  in  a year,  lit  Lincolnshire  (hey  still  corrupdy  call 
it  oakin  of  land.— In  Scotland,  the  term  is  ukvI  for  a por- 
tion of  arable  land,  containing  15  acres. 

OX  YDS,  a compound  of  oxygen  aiui  some  other  body, 
in  such  propurihm  as  not  to  produce  an  aciij. 

OXVGF^N,  a ceitam  siniptr  substance  (hflt  enters  into 
the  comfKftiiioo  of  wuterundair;  being  that  which  gene- 
rate* or  produces  acids. 

.This,  one  of  the  most  characteristic  properties  of  this 
body,  was  discovered  by  Dr.  IMcsiley  in  1774.  It  was  at 
•lirM  called  deplilogisticated  air,  and  afterwards  successively 
known  by  the  names  of  orainciilly  respirable  air,  pure 
air,  vital  air,  a«  long  as  it  was  not  known  that  this  aerial 
form  is  merely  one  ofits  states  of  combination.  As  soon 
as  this  truth  was  well  proved,  und  clearly  explained  by 
Lavoisier,  it  appeared  necessary  to  give  it  a new  name, 
which  might  he  applicable  iu  all  (he  states  in  which  it 
could  enist,  os  well  that  of  gas  as  of  the  liquid  or  solid 
form  ; amPit  finally  received  the  name  of  Oxygen- 

Oxygen,  like  many  other  natulh)  bodies,  is  found  in 
three  siau-s,  but  in  none  of  them  u'it  alone  or  insulated. 
In  the  gaw^us  foiin  it  is  disoolvcd.  tu  caloric;  in  the  li- 
quid and  solid  form  it  is  combined  with  diflemii  sub- 
stances. As  oxygen  is  often  contained,  in  a more  or  less 
solid  form,  in  several  natural  fossils,  which  have  under- 
gone comhustion,  and  as  it  baswnuch  attraction  for  calo- 
ric, it  is  only  requisite  that  some  one  of  (hose  fossils 
/huuld  Iw  heated  more  or  less,  in  order  to  disengage  this 
principle,  und  obtain  it  in  the  form  of  gas  or  air.  Thus, 
the  cbemisis  expose  qertain  substances,  particularly  im-tals 


burned  by  nature  or  nrt,  to  an  active  fire  in  close  vcsselt, 
sodi|poseil  asioconduct  and  receive,  under  inverted  jars, 
the  gts  or  elastic  fluid  to  be  collected  ; which  is  (bus  the 
product  of  a (rue  combustion. 

*rhc  two  chief,  sources  from  which  oxygen  it  derived, 
(each  of  them  immense  in  extent,)  arc  water  and  air.  In 
the  former  it  is  condensed  into  a liquid  form,  and  com- 
bined with  about  a third  of  its  weight  of  hydrogen;  in  the 
latter  it  is  united  with  azol,  and  forms  rather  more  Than  ^ 
part  of  the  atmosphere.— There  arc  various  other  smaller 
sources  of  oxygen,  such  as  mqny  parts  of  the  orisanised 
world,  vegetable  or  animal  (independently  of  tbc  water 
(hey  contain  so  abundantly),  mineral  acids,  and  metallic 
oxyds,  &c  ; but  the  quantities  from  these  last  sources  are 
exceedingly  small,  in  comparison  with  the  preceding.— 
Most  of  (ho  green  parts  of  vegetables,  .while  living,  yield 
oxygen  gas  when  exposed  to  the  sun's  rays.— The  purest 
piwsible  oxygen  gas  is  obtained  by  a higher  degree  of  vol- 
taic eicciricity,  from  such  substances  as  it  is  capable  of 
completely  decomposing.  One  of  the  next  purest  oxygen 
gases  It  obtained  by  distilling,  per  se,  the  dry  oxymuriat 
of  potash. 

The  black  oxyd  of  manganese  contains  a great  quan- 
tity of  oxygen  so  loosely  combined,  as  to  be  expelled  by  a 
moderate  red  heat;  and  this  is  the  method  usually  pur- 
sued : an  earthen  or  iron  retort  is  filled  with  (he  black 
oxyd  of  manganese  in  powder,  and  beated«in  a brisk  fire. 
The  first  product  of  gas  comm  over  when  the  manganese 
is  faintly  red,  and  consists  chiefly  of  carbonic  acid,  so  tbit 
a taper  is  immediately  extiiq|uished.  After  ibis,  if  small 
sample*  of  the  gas  be  examined  as  it  oomes  over,  by  dip- 
ping a bit  of  kindled  wood  in  h,  the  fire  will  soon  be 
found  to  burn  with  increased  flame  and  brightness,  a sign 
of  the  presence  of  oxyg<*n ; soon  alter  which  it  may  be 
collected  for  use.  If  the  manganic  be  very  godd,  one 
pound  of  it  will  yield  lAOOcubic  inches  of  great  purity  ; 
(hat  is,  containing  no  more  than  <^'9  of  carbonic  acid  or 
any  other  gas.— Mangaaese,  if  moistened  with  sniphuric 
acid,  will  also  give  out  much  oxygen,  on  applying  no 
greater  hiwt  than  that  of  a taper;  and  it  may  thus  be  ob- 
tained very  expbditiously,  with  the  simpimt  apparatus 
possible. 

All  (he  oxyds  of  mercuryi  when  heated  red  hot,  ar^ 
decomposed,  the  metaU  return  to  the  stale  of  running  mer- 
cury (which  is  driven  up  in  vapour  and  toon  condenses), 
and  (be  oxygen  which  it  contained  appears  in  tbegnM'ous 
form,  inix^  with  any  acid  which  may  have  existed  in  iho 
oxyd.— Oxygen  gas  may  ulsu-be  obtained  very  chimp,  and 
consideraldy  pure,  by  the  destructive  distillation  of  nitre 
in  a moderutc  red  heal. — ^Thc  burning  of  the  several  com- 
bustible bodies  ill  oxygen  gas,  forms  a number  of  most 
beautiful  and  instructive  experiments;  and  has  coninbuted 
more  than  any  thing  else  to  give  accurate  idims  on  the  na- 
ture of  combustion  in  grneraf. 

‘Ilie  characters  that  peculiarly  distinguish  oxygen  gas, 
are  the  eminent  digne  In  which  it  supports  combustion 
and  respiration  ; it  being  proved  that  neither  of  these  ran 
continue  without  oxygen,  and  that  ills  solely  owing  to  it$ 
presence  tiiat  atmospheric  air,  ami  the  other  compound 
gasses,  are  fittcil  fi»r  maintaining  those  grand  processes  of 
the  material  world.  If  a small  animal  be  initpmed  in 
oxygen  gas,  it  will  live  much  longer  than  in  the  same  qoao- 
.tity  of  common  air  ; and  if  Uir  carbonic  acid,  generated 
in  the  process,  be  occasionally  removed  by  glkaliev  (h« 
animal  will  remain  in  the  gas  uninjured  for  a much  longer 
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lime.  In  this,  and  in  many  othrr  rt*sprcU,  the  process  of 
ri'spinitioti  and  corahusuon  but  shll  there  arc 

some' circumsunccs  nbirh  render  it  probable  that  the 
diluted  >tate  of  uxygeii  (such  ai  it  exists  in  common  air) 
is  uito|;ither  finer  for  animal  respiration,  than  n purer 
oxygen. 

OXVGONFl,  in  Oi-orociry,  is  acutc>aog)cd,  meaning 
A figure  consisting  wboilyof  acute  angk-s,  or  such  as  Hie 
Jess  than  yO  degrees  each. — 'I’lje  term  is  cbietly  applic<ttQ 
triangles,  where  the  three  angles  are  all  acute. 

OXVGONIAL,  is  acutc-jngular. 

OX  VML'UIATIC  Acid,  is  the  same  asdqthlogisiicalcd 
muriatic  acid,  or  chlorine. 

OZANAM  (James),  an  eminent  French  mathematic 
cian,  was  descended  from  a family  of  Jewish  cMracii«>o, 
but  which  had  hi^g  been  conNcrts  to  the  Hnmisb  faith  ; 
and  soinc  of  whom  had  held  considerable  places  in  the 
parliaments  of  Provence.  He  was  born  at  Uuligneux  in 
Breuia,  ill  the  year  1040;  and  being  a younger  son,  though 
his  father  hod  a good  evtale,  it  was  thought  proper  to  edu- 
cate him  for  the  church,  that  be  might  enjoy  some  small 
benefices  which  belonged  to  the  family,- to  vtvl*  as  a pro- 
vision fur  him.  Accordingly  he  studied  divinity  four 
years;  but  then,  on  the  death  of  his  father,  he  devoted 
nimsrif  entirely  to  the  ^mathematics,  to  which  he  had  al- 
ways been  strongly  attached.  Some  mathematical  books, 
which  fell  into  his  hands,  first  excited  bis  curiosity;  and 
by  his  extraordinary  genius,  without  the  aid  of  a master, 
be  made  so  great  a progress,  that  at  the  age  of  15  he  wrote 
a treatise  on  that  subject. 

Fora  maintenance  he  first  went  to  Lyons  to  teach  the 
mathematics,  which  answered  vety  well ; but  his  generous 
disposition  procured  him  still  belter  success  elsewhere. 
Among  bis  scholars  were  two  foreigners,  who  expressing 
their  uneasim*ss  to  him,  at  being  disappointed  of  some 
bills  of  exchange  for  a journey  to  Pans;  be  asked  them 
how  much  would  do,  and  being  told  50  pistoles,  he  lent 
them  the  money  immediately,  even  without  their  note  for 
it.  On  their  arrival  at  Paris,  mentioning  this  generous 
action  to  M.  Dagiiesseau,  father  of  the  chancellor,  this 
rougislmte  was  so  pleased  with  it,  that  be  engaged  them  to 
invite  Oxanuin  to  Paris,  with  a promise  of  his  favour. 

* The  opportunity  was  eagerly  embraced;  and  the  business 

teaching  the  mathematics  here  soon  brought  him  in  a 
considerable  income : but  he  wanted  prudence  for  some 
time  to  make  the  best  use  of  it.  He  was  young,  hand- 

* M>me,  and  sprightly;  and  much  addicted  both  to  gaming 
and  gallantry,  which  continpaDy  drained  his  purse.  How- 
ever, this  cxpi'usc  in  time  led  him  lu  think  of  mutriinoriy, 
and  he  soon  after  married  a young  woman  without  a for- 
tune. She  made  amends  f«>r  this  defect  however  by  her 
modesty,  virtue,  and  sweet  temper;  so  that  though  the 
slate  of  his  purse  was  not  amended,  yet  he  had  more  real 
enjt*yment  than  before,  being  indeed  cofiipletely  happy  in 
her,  as  long  as  she  lived.  He  had  twelve  children  by  this 
lady,  though  most  of  them  died  young;  and  he  was 
lastly  rendered  quite  unhafipy  by  the  death  of  his  wife 
also,  which  happened  in  J/Ot.  Neither  did  this  mis- 
fortune come  single  ; for  the  war  breaking  out  about  the 
same  time,  on  account  of  the  Spanish  succession,  it  swept 


away  all  his  scholars,  who  being  foreigners,  were  obliged 
to  leave  Paris.  Thus  he  sunk  into  h very  melancholy 
state;  under  whicli  however  he  received  some  relief,  and 
amusement,  from  the  honour  of  being  admitted  thu  same 
year  an  eleve  of  the  Hoyai  Academy  of  beienecs.  Hut 
he  never  recovered  his  wonted  henlib  and  >pirits ; so  that, 
though  he  lingered  through  a few  dull  years,  with  a strong 
preMMUiment  of  his  approaching  dissedution,  he  might 
Hither  be  said  to  exist  than  to  live,  until  the  year  1717, 
when  he  was  seized  with  an  apoplexy,  which  (erininaled 
his  exislence  on  the  3d  of  April,  at  77  years  of  age. 

« Oaimam  possessed  a mild  and  culm  dispitsiiiun,  u cheer- 
ful and  pleasant  temper,  an  inventive  genius,  nnd«a  gene- 
rosity almost  unpuraileied.  After  mainage  his  conduct 
was  irreproachable;  and  at  the  same  tune  that  he  was 
sincciely  pious,  ho  had  u great  avei'sion  to  disputM  about 
theolug^'.  On  this  subject  he  used  to  say,  that  it  was  the 
business  of  the  Sorbonne  doctors  to  disCUss  of  the  pope 
to  decide,  and  of  a mathematician  to  go  straight  to  hea- 
ven to  a perpendicular  line.— He  vvruteagnat  number  of 
useful  books;  a list  of  which  is  as  follows: 

t.  A ireaii-tie  of  Practical  Geomelr)  ; 12mo,  ibSK— 3. 
Tables  of  bint  s,  Tangenis,  and  becanu ; with  u treaiiMjua 
Trigonometry ; 8vu,  J(>85.— 3.  .\treatise  of  Ltnesof  the  First 
Order ; of  the  Construction  of  Lquations ; and  of  Geometric 
Linos,  Ac;  4to,  16S7.~^4.  I'he  Use  of  the  Com|iaues  of 
Proptirtion,  &c  ; with  u treatise  on  the  Division  of  Lunds ; 
8vo,  16S8.— 5.  An  Univer>al  Instrument  for  readily  re- 
stdvingGeoraetricai  Problems  without  caiculatiuii ; Pimo, 
16S8. — b'.  A Mathematical  Dictionary’  ; 44u,  I6^.— 7. 
A Gcncml  Method  fur  (irawing  Dials,  Ac,  )2ino,  l6V||d. 
— 8.  A Course  of  Maiheraartcs,  in  5 volumv'S,  8vo,  1(>93. 
— 9*  ^ treatise  on  Fortification,  Ancient  and  Modern; 
4to,  1693.— lo.  MuihcmBlical  and  Philosophical  Uccrea- 
tions ; 2vo)s8vo,  10'94;  and  again  with  additions  in  4 
▼ols,  1724. — n.  New  Treatise  on 'I’rigonorrK’try  ; 12u)o, 
1699«^12.  Surveying  and  Measuring  all  Sotts  of  Aiti- 
ticers'  Works;  12>no,  1(199. — 13-  New  Llementsof  Alge- 
bra ; 2 vols  8vo,  1702. — 14.  Tlieory  ami  Practice  of  Per- 
spective; 8vo,  1711. — 15.  TrcatiiM'  of  Cosmography  and 
(Geography;-  8vo,  17H. — \G.  Kuclid's  Kieraents,  by 
Uechalcs,  corrected  and  enlarged;  12mo,  1769- — 17- 
Boulanger's  Practical  Geometry  enlarged,  Ac;  I7mo, 
1691. — ISf  Boulanger's  treatise  on  the  Sphere  corrected 
and  enlarged  ; l2mo.  * 

Ozanam  has  also  the  following  pieces  in  the  Journal  dea 
$9&vans  ; via,  (I)  tX’nnmsiration  of  this  theorem,  that 
neither  the  Sum  nor  the  Difference  of  two  Fourth  Power*, 
can  be  a Fourth  Power;  journal  of  .May  1080.— (2) 
Answer  to  a Problem  prop<»sed  by  .M.  Comicis;  journal 
of  Nov.  17,  I68I.— (3)  Demonviration  of  a Problem 
concerning  False  and  Imugiriary'HcHiH  ; journal  of  April 
2 and  9,  ifiSS.— (4)  .Method  of  finding  in  Numbers  the 
Cubic  and  bursolid  Roots  of  a Binoniiai,  when  it  has  one; 
journal  of  .4prii  9>  I^U 

Also  in  the  Mcmoiies  deTrevouN,  of  IXcembt'r  1/03, 
he  has  this  piece,  viz.  Answer  to  certain  article's  of  Ob- 
jection to  the  first  part  of  his  Algebra,  And  lastly,  in  the 
Memoirs  of  the  Academy  of  ^kmces,  of  1707,  he  has 
Observations  op  a Piobicin  of  Spherical  Trigonometry. 
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T3ACE,  or  GeoTwirieal  P(l^c,  an  uncertain  lineal  mea- 
SiUrC)  by  some  supposed  to  be  equal  to  5 feet,  by  others 
V4,  &.C. 

PAGAN  (Blaise  Francois  Comte  de),  an  eminent 
French  roathemaiician  and  engineer,  was  burn  at  Avignon 
in  Provence,  l60A;  and  entered  on  the  profession  of  a 
soldier  at  14  years  of  age.  In  be  was  employed  at 
the  siege  of  Caen,  in  the  battle  nf  Pout  dc  C6,  with  the 
reduction  of  Navareins,  and  the  rest  6f  Bearn;  where 
he  signalized  himsell^  and  acquired  a reputation  far  above 
his  years.  He  was  present,  in  lf>21,  at  the  siege  of  St. 
John  d'Angeli,  as  also  that  of  Clarac  and  Montauban, 
where  he  lost  an  eye  by  a musket-shot.  After  this  time, 
there  happened  neither  siege,  battle,  nor  any  other  occa- 
sion, in  which  he  did  not  signalise  him^L’If  by  some  effort 
of  courage  and  conduct.  At  the  passage  of  the  Alps,  and 
the  barricade  of  Suza,  he  put  himself  at  the  bead  of  the 
forlorn  hope,  composed  of  the  bravest  youtfis  among  the 
guards;  and  undertook  to  arrive  the  first  at  the  attack,  by 
a privatp  way  which  was  extremely  dangerous  ; when, 
having  gained  the  top  of  a very  steep  mountain,  he  cried 
out  to  his  followers,  **  There  lies  the  way  to  glory!*  On 
which,  sliding  along  this  mountain,  they  came  first  to  the 
attacX;  when  immediately  commencing  a furious  onset, 
and  the  army  coming  to  their  assistance,  they  forced  the 
barricades.  When  the  king  laid  siege  to  Nancy  in  1633, 
Pagan  attended  him,  in  drawing  the  lines  and  forts  of 
circumvallation.— >ln  1642  he  was  scot  to  the  service  in 
Portugal,  as  field-marshal ; and  the  same  year  he  unfor- 
tunately lost  the  sight  of  his  other  eve  by  a distemper,  and 
thus  became  totally  blind. 

But  though  he  was  thus  prevented  from  serving  his 
country  with  bis  conduct  and  courage  in  the  field,  he  re- 
sumed the  vigorous  study  of  fortification  and  the  mathe- 
matics; and  in  1645  be  gave  the  public  a treatise  on  the 
former  subject,  which  was  esteemed  the  best  extant— In 
l65i  he  published  Kfs  Geometrical  Tlveurems,  which 
showed  an  extensive  and  critical  kivowledgc  of  his  subject. 
— In  16*55  be  printed  a Paraphrase  of  the  Account  of  the 
River  of  Amazon«i,  by  father  de  Rennes;  and,  though 
blind,  it  is  »aid  he  drew  the  chart  of  the  river  and  the  ad- 
jacent 4>arts  of  the  country,  as  in  that  work. — In  l657 
he  published  The  Theory  of  the  Planets,  cUiirrd  from 
that  multiplicity  of  excchlric  cycles  and  epicycles,  which 
the  astronomers  had  invented  to  explain  their  motions. 
This  work  distinguished  him  among  a.stronomers,  as  much 
as  that  of  Fortification  had  among  engineers.  And  in  l658 

printed  his  Astronomical  Tables,  which  arc  plain  and 
succinct. 

Few  great  men  are  without  some  foible:  Pagan’s  was 
that  of  a prejud)(;c  in  favour  of  judicial  astrology;  and 
though  he  is  more  reserved  than  most  others  on  that  head, 
yet  wc  cannot  place  what  he  did  on  that  subject  among 
those  productions  which  do  honour  to  his  understanding. 
He  was  beloved  and  respected  by  all  persons  illustrious 
for  rank  as  well  as  science;  and  his  house  was  the  rctidez- 
vous  of  all  the  polite  and  mmed  both  in  city  and  court. 
—He  died  at  Paric,  univemOj  r^e^ted,  Nov.  18,  1665, 
at  6 1 years  of  age.  « 

VUL.  II. 


Pagan  had  a universal  genius;  and,  having  turned  his 
attcnijoii  chiefly*  to  the  art  of  war,  and  particularly  to 
the  branch  of  fortification,  he  made  extraordinary  pro- 
gress and  improvements  in  it.  He  understnod  matin  tna- 
tics  not  only  better  than  is  usual  for  a gentleman  whose 
view  is  to  j)ush  his  fortune  in  ilic  ^my,  but  even  to  a 
degree  superior  to  that  of  iheordinary  masters  who  (eavli 
tliat'science.  He  had  so  particular  a genius  fur  this  knid 
of  learning,  that  he  acquired  it  more  n-adily  by  mediia- 
tion  than  by  reading  authors  upon  it;  and  accordingly 
be  spent  less  time  in  such  books  iban  l*e  did  in  those  of 
history  and  geography.  He  bed  also  made  morality  and 
olitics  his  particular  study ; so  that  he  may  be  said  to 
ave  drawn  his  own  character  in  his  llornmc  Hcroi'que, 
and  to  have  been  one  of  the  completcst  ^ntlemcn  of  bis 
time.  Having  never  married,  that  branch  of  his  family, 
which  removed  from  Naples  to  France  in  1552,  became 
extinct  in  his  person. 

PALILICUM,  the  same  as  Aldebarao,  a fi.xed  star  of 
the  first  magnitude,  in  the  eye  of  Taurus,  the  Bull. 

PALISADES,  or  Palibadoes,  in  Fortification,  stakes 
or  tmall  piles  driven  into  the  ground,  in  various  situa- 
tions, as  some  defence  against  the  surprise  of  an  enemy. 
They  arc  usually  about  6 or  7 inches  square,  and  .0  or  lO 
feet  long,  driven  about  3 feet  into  the  ground,  and  6 inches 
apart  from  each  other,  being  braced  together  by  pieces 
nailed  across  them  near  the  tops ; and  secureJ  by  t^iick 
posts  at  the  distance  of  every  4 or  5 yards. 

Palisades  are  placed  in  the  covert-way,  parallel  to 
audatS  feet  distance  from  the  parapet  or  ridge  of  the  glacis, 
to  secure  it  against  a surprise.  They  arc  also  used  to 
fortify  the  avenues  of  open  forts,  gorges,  half-moons,  the 
bottoms  of  ditches,  the  parapets  of  covert-ways;  and  in 
general  all  places  liable  to  surprise,  and  easy  of  access. 

Palibadoes  arc  usually  planted  perpendicularly; 
thou^  some  make  an  angle  inclining  out  towards  the 
enemy,  that  the  ropes  cast  over  them,  to  tea’r  them  up, 
may  slip. 

PAtXADIO  (Andrew),  a celebrated  Italian  archi- 
tect in  the  l6tb  century,  was  a native  of  Vicenza  in  Lom- 
bardy, and  the  disciple  of  Triffin,  a learned  Patrician,  nr 
Roman  nobleman  of  that  town.  Palladio  was  one  of  those 
who  laboured  particularly  to  restore  the  ancient  beauties 
of  architecture,  and  contributed  greatly  to  r»‘vivc  a true 
taste  in  that  art.  Having  learned  the  principles  of  it,  he 
went  to  Rome;  where,  applying  himself  with  great  dili- 
gence to  study  the  ancient  monuments,  he  entered  into 
the  spirit  of  their  architects,  and  possessed  himself  of  all 
their  beautiful  ideas.  'This  enabled  him  to  restore  their 
rules,  which  bad  been  corrupted  by  the  barbarous  Goths. 
He  made  exact  drawings  of  the  principal  works  of  anti- 
quity which  were  to  be  met  with  at  Runic;  to  which  he 
added  Commentaries,  which  went  through  several  impres- 
sions, with  the  figures.  This,  though  a very  useful  work, 
is  greatly  exceeded  by  the  4 books  of  architecture  which 
he  published  in  1570.  H'hc  last  book  treatsof  the  Romuo 
temples,  and  is  executed  in  such  a maimer,  as  gives  him 
the  preference  to  all  his  predecessors  on  that  subject.  Ii 
was  tranlated  into  French  by  Roland  Friatt,  aAd  into 
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English  by  s«v«ral  authors.  Irtigo  Jodm  wrote  some  ex- 
cellent retnaiU  upon  il»  which  wire  published  ioai)  edition 
of  Palladio  by  Lcuni,  17>)2»}U  2 volumes  folio.  Palladio 
diinl  in  1 5b0. 

PALLAS,  is  ihc  name  given  by  Dr.  Olben  to  a new 
planet  discovered  by  him  at  Ureincn,  March  28,  1H<)2, 
being  now  the  7lh  in  order  from  the  sun,  and  distant  fnsiii 
him  about  26'3  million  inili-s:  it  performs  its  periodic  re> 
volutiuii  ill  1682  days,  or  4 years  7 momhs  1 1 days ; but 
it  is  loo  small  to  be  jrerccivrd  by  the  naked  cy«,  or  even 
with  the  assistance  of  a telescope  of  an  inferior  kind.  Its 
elements,  as  far  as  they  have  Uen  at  pri'seni  asceriainetl, 
are  stated  below,  but  it  is  probable  that  future  obstrva- 
tiuns  m;iy  show  them  to  stand  in  nc<-d  of  ia>me  corrections. 
Revolution  in  its  orbit  4 vears  7 months  11  da)s. 

Mean  longitude  Jan.  Ut,  1804  - ; 9*  29*  53' 

Annual  nioiiurl  • • - 2 18  11 

Aphelion  • - ♦ -10  17* 

Node  » • - - 5 22  28 

Excenlricity  - - • 0’246J 

Indiniftitin  - - - 34  39 

PAIJ-KTS,  in  Clock  and  Watch  Work,  arc  those  pieces 
or  levers  which  are  coimictid  with  ib«  pendulum  or  ba- 
lance, and  receive  the  immediate  impulse  of  the  swing- 
wbixd,  or  balauce-whi'el.  as  to  maintain  the  vibrations 
of  the  pendulum  in  clucks,  and  of  the  balance  in  watches. 
—The  pallets  in  all  the  ordinary  constructions  of  clocks 
and  watchi's,  are  funned  on  the  verge  or  axis  of  the  pen- 
dulum or  balance',  and  arc  of  various  lengths  and  shapes, 
according  to  the  ccmstruciiou  of  the  piece,  or  the  fancy  of 
the  artist. 

PALLIFIC.^TIOX,  or  Pilino,  in  Architecture,  denotes 
tho  piling  of  the  ground-work,  or  the  strengthening  it  with 
piles,  or  timber  driven  into  the  ground ; which  is  practised 
when  buildings  are  erreted  on  a moist  or  marshy  soil, 
PALHS.ADKS.  Sec  Palisades. 

PALM,  an  ancient  long-racasure,  taken  from  the  extent 
of  tlic  hand.— 'llie  Roman  palm  was  of  two  kinds:  the 
great  palm,  taki-n  from  the  length  of  the  hand,  answered 
to  our  span,  and  contained  12  fingers,  digits,  or  fingers 
breadths,  or  9 Roman  inches,  equal  to  about  8f  English 
inches.  The  small  palm,  taken  from  the  breadth  of  the 
hand,  cuntaiiied  4 digits  or  fingers,  equal  to  about  3 EngUib 
inches.— The  Greek  palm,  or  doron,  was  also  of  two  kinds. 
The  small  contained  4 fingers,  equal  to  little  mnre  than  3 
incht'S.  The  great  palm  contained  6 fingers.  I'he  Greek 
double  palm,  called  dichas,  contained  also  in  proportion. 

The  modem  palm  is  difiercnl  in  diiferent  places  where 
it  is  used.  It  contains, 

At  Rome  * - - - 

At  Naples,  according  to  Ricciolt,  • 8 0 

Ditto,  according  to  others,  - ' 8 7 

At  Genoa  • -‘--99 

At  Morocco  and  Fo*  * - * 7 2 

Languedoc,  and  some  other  parts  of  Franco,  9 9 
The  English  palm  is  • • - 3 0 

PALM-SUNDAY,  the  lost  Sunday  in  lent,  or  the  sun- 
day  next  before  easier  day.  So  called,  from  the  primitive 
days,  on  account  of  a pious  ct-remony  then  in  use,  of  bear- 
ing palms,  in  memory  of  the  triumphant  entry  of  Jesus 
Christ  into  Jcnisalem,  8 days  hdbre  the  feast  of  the  pass- 
over. 

PAPPUS,  a very  epiinent  G reck  mathematician  of  Alex- 
andria towards  the  latter  part  of  ihc  4lb  century,  ^nicu- 
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larly  mentioned  by  Suidas,  who-says  he  flourished'undcr 
the  emjioror  ThitKlosyis  the  Great,  who  it'igned  irom  the 
year  379  ^5)5  of  Christ.  His  w ritings  indicate  him  tt\ 

have  been  n consummate  mathenmtician.  Many  of  bii 
works  are  lost,'  or  at  least  have  not  yet  bn-n  discovered. 
Suidas  mentions  si'veral  of  works,  as  also  Vossius  De 
Scientiis  >)Hthematicis.  The  principal  of  these  are,  his 
Mathematical  Collections,  m 6 books,  the  first  and  part 
of  the  second  being  lost.  Ho  wrote  also  a Commentary 
on  Ptolemy's  Almagest;  a I'niveisal  Chorography  ; A 
Di'scription  of  the  Rivers  of  Libya ; A Treatise  of  Military 
Kiigincs;  Cotnmeniaries  on  .Aristarchus  of  Samos,  cem- 
ceming  the  Magnitude  and  Distance  of  the  Sun  and  Moon ; 
&c.  Of  these,  kherc  have  been  published,  The  Mathema- 
tical Collections,  in  a Latin  translation,  wiA  a large  Com* 
mentary,  by  Commandme,  in  folio,  1588;  and  a second 
edition  of  the  same  in  l660.  In  1644,  Mersenno  exhi- 
bited a kind  of  abridgment  of  them  in  his  Synopsis  Mu- 
thcmatlca,  inito:  but  this  contains  only  such  propositions 
as  could  be  understood  without  figures.  In  1655,  Mei- 
boroius  gave  some  of  the  L-mmala  of  the  7*h  book,  in  his 
Dialogue  on  Pr(*portions.  In  1688,  Dr.  Wallis  printed 
the  last  12  paoposttions  of  the  2d  book,  at  the  end  of  liis 
Aristarchus  banuus.  In  1703,  Dr.  David  Gn^gory  gave 
part  of  the  preface  of  the  7ih  book,  in  the  Proitgorocna 
to  his  Euclid.  In  I/O6,  Dr.  Hailey  gave  that  Preface  en- 
tire, in  the  beginning  of  his  Aptfillonius.  And  lastly,  the 
reverend  and  learned  Dr.  Trail  (in  an  appendix  to  his  Ac- 
count of  the  Life  and  Writings  of  Hob.  Siinson,  o.) 
has  addcii  a critical  account  of  the  Mathematical  Collec- 
tions of  this  author. 

As  the  contents  of  the  principal  work,  the  Mathema- 
tical Collections,  are  cxcrtniingly  curious,  and  no  account 
of  them  having  ever  appeared  in  English  when  this  was 
written,  1 shall  here  give  a very  brief  analysis  of  those 
books,  extracted  from  my  noti*s  on  this  author. 

0/ the  TJurd  5ooi  — 'I'he  subjects  of  the  third  book  corr- 
sist  chiefiy  of  three  principal  problems;  for  the  solution 
of  which,  a great  many  other  problems  are  resolved,  end 
theorems  demonstrated.  The  first  of  these  three  prt^ 
blems  is,  l*o  find  Two  Mean  Proportionals  between  two 
given  lines — Tlic  2d  problem  is,  To  find,  what  arc  called, 
three  Medietates  in  a semicircle;  where,  by  a Medie- 
tas is  meant  a set  of  three  Urn's  in  continued  proportion, 
whether  arithmetical,  or  geometrical,  or  harmonical;  so 
that  to  find  three  medietates,  is  to  find  an  arithmetical, 
a geometrical,  and  an  harmonical  set  of  three  terms  each. 
And  the  third  problem  it,  From  some  points  in  the  base 
of  a triangle,  to  draw  two  linos  to  meet  in  a point  within 
the  triangle,  so  that  their  sum  shall  be  greater  than  the 
sum  of  the  other  two  sides  that  are  without  them.  A great 
many  curious  properties  arc  prcmisetl  to  each  of  iht'sc 
problems;  then  their  solutions  are  given  according  to  the 
methods  of  several  ancient  mathematicians,  with  an  histo.^ 
rical  account  of  them,  and  bis  .own  deroonvtrations ; and 
lastly,  their  applications  to  various  matters  of  great  im- 
purtanoe.  In  bis  historical  anecdotes,  many  curious  things 
are  pn-served  concerning  mathematicians  that  were  ancient 
even  in  his  time,  which  we  should  otherwise  have  known 
nothing  at  ail  about. 

In  order  to  the  solution  of  the  first  of  the  three  pro- 
blems above  mentioned,  he  begins  by  premising  four  ge- 
neral theorems  concerning  proportions*.  Then  follows  a 
dissertation  on  the  nature  and  division  of  problems  by  the 
ancienu,  into  JMdnc,  Solid,  and  Linear,  with  examples 
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Af  th«mf  takrn  from  the  writing!  of  Eratofthmcs,  Pbilo, 
And  Hlto.  a foiuticn  i!  thoi  given  to  the  problem  con* 
cerning  two  mean  propoitionali,  by  four  diflerent  ways, 
namely,  according  k>  ^^toathme^,  Nicomedet,  Hero, 
and  aticr  a way  of  bis  oxvo,  in  which  be  not  only  doubles 
the  cube,  but  aUo  finds  another  cube  in  any  proportion 
whatever  to  a given  cube. 

For  the  solution  of  the  second  problem,  he  lays  down 
very  curjous  definition* and  properties  of  Mvdietatfs  of  all 
kinds,  and  shows  how  to  find  all  to  a great  variety  of  cases, 
both  as  to  what  the  ancients  had  done  in  them,  and  what 
was  dune  by  others  whom  be  culls  tlie  moderns.  Medietu 
seemi  to  have*  a general  term  inveiued  to  express 
three  lip«'»,  having  either  anaritfaneltcal,  oral  geometrical, 
or  an  hurmonical  relation';  for  the  words  proportion  (or 
ratio),  and  analogy  (or  vimilar  proportion!),  arc  restricted 
to  a gtH>metricaI  relation  only.  But  be  shows  bow  all  the 
medictati’s  may  be  expressed  by  analogies. 

The  solutiun  of  the  3d  problem  leads  Pappus  to  the  con* 
stderation  of  a number  of  admirable  and  seemingly  para* 
doxical  problems,  concerning  the  inReciing  of  lines  to  a 
point  witliin  triangles,  quadrangles,  and  other  figures,  the 
sum  of  which  shall  exceed  the  sum  of  the  surrounding  ex* 
icrior  lines. 

Frnally,  a number  of  other  prubletusareaddcd,  concern* 
ing  the  ioscriptimi  of  all  the  regular  bodies  within  asphere. 
The  whole  being  cfTecb  d in  a very  general  and  purely  ma- 
thematical way  ; making  all  together  58  propositions,  vix, 
44  problems  and  14  theorems, 

0/tiie  Mk  Book  Pappus.— In  the  4th  book  are  first 

premised  a number  of  throrems  relating  to  triangles,  pa- 
rallelograms, circles,  with  lines  in  and  abont  circles,  and 
tbe  ungencit's  of  various  circles:  all  preparatory  to  this 
curious  and  general  problem,  vis,  relative  to  an  infinite 
series  of  circles  inscribed  in  the  space,  called  apZtXo*, 
Arbelon,  contained  between  the  circumferences  of  two 
circles  touching  inwardly.  Where  it  isvhown,  that  if  the 
infinite  series  of  circles  be  inscribed  in  the  manner  of  this 
first  figure,  where  three  semicircles  are  described  on  tbe 
lines  PR,  pq,  qa,  and  the  perpendiculars  au,  b5,  cc, 


icc,  let  fall  from  the  centres  of  the  series  If  irocribed  cir» 
clet;  then  the  property  of  these  perpendiculars  is  this, 
viz,  that  the  first  per|K*ndicular  ao  is  equal  to  the  diameter 
or ‘double  tlie  radius  of  the  circle  a ; the  second  perpen- 
dicular j)5  equal  to  double  tbe  diameter  Or  4 times  the 
radius  of  the  si-coiid  circle  a;  the  third  perpendicular  cc 
equal  to  3 times  the  diameter  or  6 limes  the  radius  of  tbe 
third  circle  c;  antfsoon,  tbe  scries  of  perpendiculars  being 
to  the  scries  of  the  diameters,  as  1,  2,  3,  4,  &c,  to  1, 

or  to  the  M.‘rie«  td  radii,  as  2,  4,  6,  8,  8tc,  to  1. 

But  if  the  several  small  circles  be  inscribedrin  the  man- 
ner of  this  second  figua*,  the  fiiwt  circle  of  the  series  toilch- 
iog  the  part  of  the  line  qn  ; ihui  ihc  series  of  perdendi- 


culais  Aa,  cc,  &c,  will  be  ]«  3,  5.  7,  &c,  times  tbe 
radii  of  the  circles  a,  b,  c,  d,  fire ; viz,  according  to  tho 


scries  of  odd  numbers;  the  former  proceeding  by  theseritt 
of  even  numbers. 


Pappus  next  treats  of  the  Helix,  or  Spiral,  proposed  by 
Conon,  and  resolved  by  Archimedes,  demonstrating  its 
principal  properties:  in  the  demonstration  of  some  of 
which,  he  makes  use  mt  the  same  principles  as  pavallcrius 
did  lately,  adding  together  an  infinite  numher'of  infinitely 
short  paralleUrgrams  and  cylinders,  which  he  imagines  a 
triangle  and  cone  to  be  composed  of.— He  next  treats  of 
the  properties  of  the  Conchoid,  which  Nicomedcs  inve  nted 
for  doubling  the  cube ; applying  it  to  the  solution  of  cer- 
tain probKmit  concerning  Inclinations,  with  the  finding 
of  two  mean  proportionals,  and  cubes  in  any  proportion 
whatever.— liben  of  the  rerpayoni^soe’a,  or  Quadratrix, 
so  called  from  its  use  in  squaring  tho  circle,  for  which ' 
purpose  it  was  inTctited  and  employed  by  Dinosiratus, 
Nicomedr^  and  others : the  use  of  which  however  be  dis- 
approves, as  it  requires  postulates  equally  hard  to  be 
granted,  as  the  problem  itself  to  be  demonstrated,  by  rt. 
—Next  he  treats  of  Spirals,  described  on  planes,  aqd  on 
the  convex  surfaces  of  various  bodies.— From  another  pro« 
blcm,  concerning  Inclinations,  he  shows,  how  to  triKCt 
a given  angle ; to  describe  an  hyperbola,  to  two  given 
asymptotes,  and  passing  through  a given  point;  to  divide 
a given  arc  or  angle  in  any  given  ratio;  to  cut  olT arcs  of 
equal  lengths  from  unequal  circles ; to  take  arcs  and  angles 
in  any  proportion,  and  arcs  equal  to  right  linn ; with  pa- 
rabolic and  hyperbolic  loci,  which  last  is  one  of  the  in- 
clinations of  Archimedes. 

..  Of  the  5ih  Book  Pupput^TWii  book  opens  with  re- 
flections on  the  difiiTent  natures  of  men  ami  brutes,  tbe 
former  acting  by  reason  and  demonstration,  the  latter  by 
instinct,  yet  ^mc  of  them  with  a certain  portion  of  reason 
or  foresight,  as  bees,  in  the  curious  structure  of  their  ci  lit, 
which  ho  observes  arc  of  such  a form  us  to  compKtc  iba 
space  quite  around  a point,  and  yet  require  the  least  ina- 
■ tcriais  to  build  them,  to  contain  the  same  quantity  of  honey. 
He  shows  that  the  triangle,  square,  and  hexagon,  are  the 
only  regular  polygons  capable  of  filling  (he  whole  space 
round  a point ; and  remarks  that  the  bees  have  chosen  the 
fittest  of  these ; proving  afterwards,  in  ihe  propositions, 
that  of  all  regular  figvircs  of  Uie  same  pciimeter,  that  is  of 
the  largest  capacity  which  hasthe  gmitest  number  of  sides 
or  OQglcs,  and  consequently  (hat  (he  circle  is  the  nu>;t  ca- 
pacious of  all  ficuri't  w'hatever. 

And  thus  he  finishes  this  curious  book  on  Isopevimetri- 
cal  figures,  both  plane  ajid  solid ; in  which  many  curious 
and  important  properties  are  strictly  dcinoiistraled,  l;oih 
of  planes  and  solids,  some  of  them  being  old  in  hU  tiniv, 
and  many  new  ones  of  his  own.  In  fact,  it  Mcms  he  has 
here  brought  together  into  this  book,  all  the  properties  rw- 
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lilting  to  i^pcrinictrical  figures  then  known,  and  their  dif- 
ferent degrees  nf  ciipaclty.  Jn  the  last  theorem  of  the 
book,  he  has  a dissertation  to  shoir,  that  there  can  be  no 
more  regular  bodies  hcsidi^  the  five  Hlalonic  ones,  or,  that 
only  the  regular  triangles,  wjuares,  and  pentagons,  will 
form  regular  solid  angles. 

Ofth<(Uk  book  of  Pajtpua. — In  this  book  he  treats  of 
certain  spherical  propcrtii-s,  which  had  btTn  either  neglect- 
ed, or  improperly  and  imperfectly  treated  by  some  ccle- 

• bmteii  authors  b«  fore  his  lime. — Such  are  some  things  in 
tiic  3d  book  of  Theodosius’s  Spherics,  and  in  his  book  on 
Days  and  Nights,  as  also  some  in  Kuclid's  Pln-nuincna. 
For  the  sake  of  these,  Pappus  premises  and  intermixes 
many  curious  geometrical  properiirs,  especially  of  circles 
of  thesphere,  and  spherical  triangles.  He  adverts  to  some 
curious  cases  of  variable  quantities;  showing  how  some 
increase  and  decrease  both  ways  to  infinity;  while  others 
proceed  only  one  way  by  increase  or  dvcri'usc,  to  infinity, 
and  the  other  way  to  a certain  magnitude;  and  others 
again  both  w ays  to  a certain  raagi>iii|de,giving  a maximum 
and  ininiimim.'^Here  arc  also  some  curious  properties 
concerning  the  perspective  of  the  circles  of  the  sphere, 
and  of  other  lines.  Also  the  locus  is  determined  of  all 
the  points  from  whence  a circle  may  be  viewed,  so  as  to 
appear  an  ellipse,  whose  centre  is  u given  point  within  the 
circle;  which  locus  is  shown  to  be  a semicircle  passing 

' through  that  point. 

Of  the  7th  Book  of  Vappm.^ln  the  introduction  to  this 
book,  he  drsertbes  very  particularly  the  nature  of  the  ma- 
thematical composition  and  resolution  of  the  ancients, 
distinguishing  the  particular  process  and  u>C8  of  them,  in 
the  demonstration  of  ihcurcms  and  solution  of  problems. 
He  tkpn  enumerates  all  the  analytical  books  of  the  an- 
cients, or  those  proceeding  by  rrsululiun.  which  he  does  in 
the  following  order,  via,  1st,  Kuclid’s  Data,  in  one  book  : 
2d,  Apollonius's  Section  of  a Ratio,  12  books : 3d,  his 
Section  of  a Space,  2 books : 4(h,  Im  Tangencies,  2 I ooks: 
6th,  Euclid’s  Pori^ms,  3 books : 6*tb,  Apolluaius’i  Inclina- 
tions, 2 books:  7th,  bis  Plane  Loci,  2 books:  8tli,  his 
Conics,  8 books : 9^h,  Aristseus's  Soliil  Loci,  5^  books: 
10th,  Euclid’s  Loci  in  Superficies,  8 books;  and  11th, 
Eratosthenes’s  Medielaies,  2 books.  So  that  all  the  books 
are  31,  the  arguments  or  coaients  of  which  he  exhibits, 
with  the  number  of  the  loci,  determinations,  and  cases, 
Ac  ; with  a multitude  of  lemmas  and  propositions  laid 
down  and  dcniaiislralrd  ; the  whole  making  238  proposi- 
tions, of  the  must  curious  geometrical  principles  and  pro- 
jierlies,  relating  to  those  books. 

Of  the  8tA  of  The  8th  book  is  altogether 

on  Mechanics.  It  opens  with  a general  oration  on  the  sub- 
ject of  mechanics;  defining  the  science,  enumerating  the 
dilTurent  kinds  and  branches  of  it,  and  giving  an  account 
of  the  chief  authors  and  writings  on  it.  Atler  nn  account 
of  the  centre  of  gravity,  on  which  the  science  of  mechanirs 
so  greatly  depends,  be  shows,  in  the  first  proposition,  ih -I 
such  a point  really  exists  in  all  bodies,  borne  of  the  lol- 
lowing  prupusiticms  ate  also  concerning  the  properties  of 
the  Centre  of  gravity.  He  next  comes  to  the  inclined 
plane,  and  in  prop.  9»  &hows  what  p«2wcr  will  draw  agivui 
weight  up  a given  inclined  plane,  when  the  power  is  given 
which  can  draw  the  weight  along  a bonzunul  pinne.  In 

• the  lOlh  prop,  concerning  the  moving  a given  weight  with 
a given  power,  he  treats  of  what  the  ancients  called  n 
Ok'ssucomuin,  which  is  nothing  more  than  a seres  of 
atieeUrund-axiea,  lo  any  prepoiiioiu/tunuiig  each  other, 


till  we  arrive  at  the  given  power.  In  this  proposition,  as 
well  as  in  several  other  places,  be  refers  to^omc  books  that 
arc  now  lost;  as  .Archimedes  on  the  Ralance,  and  the  Me- 
chanics of  Hero  and  of  Philo.  'I  hen,  from  prop.  1 1 to 
prop.  19,  be  treats  on  various  miscellaneous  subjects,  as, 
the  organicul  construction  of  solid  problems;  the  diminu- 
tion of  an  architectural  column  ; to  describe  an  ellipse 
through  five  given  points;  to  find  the  axis  of  an  ellipse 
oigamcally  ; to  find  also  organically,  the  inclination  of  one 
plane  to  another,  the  nearest  point  of  a sphere  to  a plane, 
the  points  in  a spherical  surface  cut  by  lines  joining  certain 
points,  and  to  inscribe  S4*vcn  hexagons  in  a given  circle. 
Prop.  20,  21,  22,  23,  leach  how  to  construct  and  adapt 
the  'ryinpaiii,  or  wiici-U  ot  the  glossocomum,  to  (^c  ano- 
thei;  showing  the  proportions  of  their  diameters,  the  num- 
ber of  their  teeth,  Ac,  And  prop.  24  shows  how  toebu- 
struct  the  spiral  tlircad.s  of  a screw. 

He  Conu*>  then  to  the  live  mechanical  powers,  by  which 
a given  weight  is  moved  by  a given  power.  He  iiere  pro- 
poses briefly  to  show  what  has  been  said  of  these  powers 
by  Hero  and  Philo,  adding  also  some  things  of  hw  own. 
'I'hcir  names  are,  the  axis-in-peritrochiu,  the  lever,  pulley, 
wedge,  and  screw  ; and  he  obstTves,  those  authors  showed 
how  they  arc  all  reduced  to  one  principle,  though  their 
figures  ^ very  diflerciit.  He  then  treats  of  each  of  these 
powers  separately,  givir^  their  figures  and  properties,  their 
construction  and  uses. 

He  next  describi's  the  manner  of  drawing  very  heavy 
weights  along  the  ground,  by  the  machine  termed  Ohelone, 
which  is  a kind  of  sledge  placed  upon  two  loose  rollers, 
and  drawn  forward  by  any  power  whatever,  a third  roller 
being  always  laid  under  the  fore  part  of  the  chclone,  os  ono 
of  the  other  two  is  quitted  and  left  birhiad  by  the  rootioii 
■ of  the  machine.  In  fact,  ibis  is  the  same  macbioc  os  has 
always  been  employed  on  many  occasions,  in  moving  very 
great  weights  to  moderate  distances. 

Finally,  Pappus  describes  the  manner  of  raising  great 
weights  to  any  proposed  height  by  the  combination  of  me- 
chanic powers, as,  by  cranes  and  other  machines;  illustrating 
this,  and  the  former  parts,  by  drawings  of  the  machines 
that  arc  desn-ibed. 

PARAROLA,  in  Geometry,  a figure  arising  from  the 
section  of  a gone,  when  cut  by  a plane  parallel  to  one  of 
its  sides,  as  the  section  adk  parallel  to  the  side  vb  of  the 
cone.  See  Cohjc  Sections,  where  some  gencml  properties 
are  given. 


Some  other  Properties  of  the  Parabola. — I.  From  the 
same  point  of  a cone  only  one  |>arabo]a  can  be  drawn ; 
all  tho  other  sections  between  the  parabola  and  the  paral- 
lel side  of  the  cone  being  elli|)ses,  and  %il  without  them 
h>|n  rbola8.  The  parab^da  has  but  one  focus,  through 
wliich  the  axis  ac  passes;  all  the  other  diameters  being 
p^rdllel  lo  mis,  and  also  infinite  in  length. 

2.  The  parameter  of  the  axis  is  n third  proportional 
to  any  absciss  and  its  ordinate;  vis,  ac  : cp  : : cp : p 
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the  paiumeter.  And  therefore  if  x denote  any  ahiciss 
ACt and  y the  ordinate  cd,  it  will  be  x s » 

the  parameter;  or,  by  niulliplying  extremes  and  means 
pi  = which  is  the  equation  of  the  parabola. 

3.  'I'be focus  r is  the  point  in  the  axis  where  the  double 
ordinate  oh  is  equal  to  tbe  parameter.  Therefore,  in  the 
equation  of  the  curve  pt  s=  y*,  taking  p = 2y,  it  becomes 
Qyx  =yS  or  2x  sy,  that  is  2ap  = ru,  or  av  = 4rfi, 
or  the  focal  distance  from  u vertex  ar  is  equal  to  half  the 
ordinate  there,  or  = j/i,  une«fourth  of  the  paiameicr. 

4.  Jim  abscisses  of  a paralxda  are  to  one  another,  as 
the  squares  of  their  corresponding  ordinat«‘s.  This  is 
evident  from  the  general  equation  of  the  curve px  =yS 
where,  p beinf^  constant,  x i*  asy*. 

'5.  TTic  line  pe  ( fig.  2 above)  drawn  from  the  focus  to 
any  point  of  the  curve,  is  equal  to  the  sum  of  tbe  focal 
distance  and  the  absciss  of  the  ordinate  to  that  point ; that 
is  PE  s FA  -*■  AD  = CD,  taking  ac  = af  = {/).  Or 
IP  is  always  = ao,  drawn  parallel  to  oo,  to  meet  the  per- 
pendicular GO,  called  the  directri.x. 

6.  If  a lino  rac  cut  the  curve  of  a parabola  in  two 
points,  and  the  axis  produced  in  t,  and  an  and  ci  be  or* 
dinates  at  those  two  points;  then  is  at  a mean  prrjpor- 
tional  between  tbe  abscisses  All  and  ai,  or  At^  =z  ah  . ai. 
—And  if  TE  touch  the  curve  in  b,  then  is  at  = ad  = 
the  mean  between  ah  and  ai. 

7.  If  FE  be  drawn  from  the  focus  to  the  point  of  con- 
tact of  the  tangent  TB.and  lk  perpendicular  to  tbe  same 
tangent;  then  is  rr  = pe  s fk;  and  the  subnormal  ok 
equal  to  the  constant  quantity  2af  or  \p. 

8.  The  diameter  at  being  parallel  to  the  axis  ak,  the 
perpendicular  EK,  to  the  curve  or  tangent  at  E,  bisects  the 
angle  lep.  And  therefore  all  rays  of  light  lb,  mn,  &c, 
coining  parallel  to  the  axis,  will  be  reflected  into  the  point 
P,  which  is  therefore  called  the  focus,  or  hurniDg  point ; for 
the  angle  of  incidence  lek  is  sa  the  angle  ofrefiection  kep. 

9.  If  lEK  (next  fig.  below)  be  any  line  parallel  to  tbe 
axis,  limited  1>y  the  tangent  tc  and  ordinate  ckl  to  tbe 
point  of  contact:  then  shall  ie  : ek  : : cx  : Kt.  And 
the  same  thing  holds  true  when  cl  is  also  in  any  oblique 

* position. 


)0.  The  external  parts  of  the  parallels  ip,  ta,  ox,  pl, 
&c,  are  always  proportional  to  the  squares  their  inter- 
cepted parts  of  tbe  tangent ; that  is, 
tbe  external  parts  ie  , ta  , ox  , pl  , 
arc  proportional  to  ci*,  ct*,  co%  <?p*. 

Of  to  the  squares  ck’,  cd%  cm*,  cl*. 

A property  trom  which  is  immediately  derived  the  com- 
mon theory  of  projectiles. 

And  as  this  property  is  common  to  every  position  of 
the  tangent,  if  the  lines  ie, ta,  on.  &c,  be  appended  to 
the  points  i,  t,  u,  &c,  of  the  tangent,  and  moveable  about 
them,  and  of  such  lengths, as  that  their  extremities  a,  a, 
X,  &c,  &c,  be  in  the  curve  of  a parabola  in  any  one  posi- 
tion of  the  tangent ; then  making  the  tangent  revolve 
about  the  point  c,  the  exlvemities  b,  a,  n,Acc,  will  always 
form  the  cum-  of  some  pai^Uyin  every  position  o^  (ho 
tangent. 
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The  same  properties  too  that  have  been  shown  of  the 
axis  and  its  abscisses  and  ordinates,  &c,  are  true  ofthoseof 
any  other  diameter.  All  which,  besides  many  other  curious 
proiierlics  of  the  parabola,  may  be  seen  demonstrated  in 
my  Treatise  on  Conic  Jketions,  and  in  the  Course  of  Ma- 
thematics. 

11.  To  Construct  o Parabotn  by  /*ouM«.-*In  the  axis 
produced  lake  ag  = af  (hut  fig.  above)  the  focal  d> 
stance,  and  draw  a number  of  lines  ie,  re,  &c,  perpendi- 
cular to  the  axis  ai>;  then  with  ihc  distancesOD,  gd,  &c, 
as  radii,  and  the  Centre  r,  dcscnlic  arcs  crossing  the  paral- 
lel ordinatAin  e,  e,  &ec.  Then  wiih  a steady  hand,  or  by 
the  side  of\  slip  of  bent  whale-bole,  draw  the  curve 
through  all  the  points  e,  e,  e,  dec. 

12.  7b  desertbe  a P'lraboia  by  a continued  Afotion.— If 
the  rule  or  the  directrix  bC  be  laid  upon  n plane,  (first  fig. 
bcibw)  with  the  square  000,  in  such  manner  that  one  of 
iU  sides  do  lies  along  the  edge  of  that  rule;  and  if  the 
thread  fmo  equal  in  length  to  po,  the' other  side  of  the 
squan-,  have  one  end  fixed  in  the  extremity  of  the  rule  at 
o,  and  the  other  end  in  some  point  f : then  slide  the  side 
of  the  square  nA  along  the  rule  bc,  and  at  lbe  awDC  time 
keep  the  thread  continually  tight  by  means  of  the  pin  ]<, 
with  itv  part  mo  close  to  the  side  of  the  square  do  ; ao 
shall  the  curve  amx,  which  the  pin  describes  by  thif 
lion,  be  one  part  of  a parabola.— And  if  the  square  be 
turned  over,  and  moved  on  the  other  side  of  the  fixed  point 
F,  .the  other  part  of  the  same  parabola  amz  will  be  de- 
scribed. 


13.  To  drinu  Tangm/i  to  the  Purabola. — If  the  point  of 
contact  c bc  given  : (last  fig.  above)  draw  the  ordinate  cm, 
and  produce  the  axis  li^lxT  be=  ab;  thenjmn  rc,  which 
will  be  the  ungent. 

14.  Or  if  tlie  point  be  given  in  the  axis  produced: 
take  AB  a AT,  Biid  draw  the  onlinate  nr,  which  will 
give  c the  point  ot  contact ; to  which  dpaw  the  line  tc  as 
before. 

15.  If  D be  any  other  point,  neither  in  the  curve  nor 
in  the  axis  produced,  through  wbich%he  tangent  is  t<^ 
pass:  draw  deg  p<  rprndiculur  to  the  axis,  and  take  oh 
a mean  proportioqal  betwer-n  ne  and  po,  and  draw  11c 
parallel  to  the  axin;  so  shall  c be  the  point  of  contact, 
through  which  and  the  given  point  d the  tangent  dct  is  to 
be  drawn. 

16.  When  the  tangent  is  to  make  a given  angjewilh  the 

ordinate  at  the  point  of  contact : lake  the  absciss  At  equal 
to  half  the  paramatrr,  or  to  double  the  focal  distance,  nod 
draw  the  ordinate  ie:  draw  ah  to  make  with  a I the 

angle  h a i equal  to  the  given  angle  ; then  draw  uc  parallel 
to  the  axis,  and  il  will  cut  the  curve  in  c the  point  of  con- 
tact, where  a line'  drawn  to  make  the  given  angle  with  CB 
will  be  the  tangent  requirevl. 

17*  Thjrnd  the  A en  0/ n Pnrubolo^  Multiply  the  base 
BO  by  ihc  perpendicular  height  ai,  and  } ul  the  product 
will  be  the  area  of  the  space  a eoa  ; because  the  parabolic 
space  is  f of  its  circumscribing  paralli-iogram. 

18.  To  find  the  Length  oftheVuixe  ac,  coimnciiciogat 
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{be  vert^,— Let  jr  k thcorduiaie  nc,  p =jhc  parameter, 

9 » and  * s=  y^(l  9*) ; ibcn  shall  ip  x (9*  -t-  hyp« 
lag.  of  9 -f  be  ihe  length  of  the  curve  ac. 

See  various  other  rules  for  the  areas,  and  lengths  of  the 
curve,  A'C,  in  my  Treatise  on  Mensuration,  see  6,  pa.  27  It 
Ac,  4lh  ediuon.  • 

Parabolae  ijfrAe  Higher  AVndr,  are  algebraic  curves, 
dchned  by  the  general  equauon  o*  * j ihrai  is, 

either  a x =y\  or  «*jr  or  a*x  =y*.  &c. 

Some  call  these  by  thu  name  of  paraboloids:  and  in 
particular,  if  n*x  it  is  called  a cubical  paraboloid; 

if  it  is  a biquadratical  paraboloid,  ora  sursolid 

paraboloid.  In  respect  of  these,  the  parabola  of  the  first 
kind,  above  explained,  is  called  the  Apollonian,  or  qua* 
dntic  parabola. 

Those  curves  arc  also  lo  be  referred  to  parabolas,  that 
are  expressed  by  the  general  equation  ex"  ~ ‘ = y“,  where 
the  indices  of  the  quantities  on  each  side  are  equal,  as  be* 
fore;  and  these  arc  called  semi-parabolas : asor^syibc 


•Fig.  1. 


Fig.  t 


The  2d  is  also  a bclUform  parabola,  tviij)  a conjugate 
point,  or  infinitely  small  ova),  at  the  bead  (fig.  1) ; being 
the  case  when  the  equation  0 = bx'  -h  ex  d has 

its  two  less  roots  equal ; the  most  simple  equation  of  which 
is  py*  = X*  -t*  ax\ 

l*be  3d  is  a parabola,  with  two  diverging  legs,  crossing 
semi-cubical  parabola;  or  ax^sy^  the  scmi-biquadrafical  one  another  like  a knot  (fig.2);  which  happens  when 

1-1...  # _ - .1 . 


par»fK>l.i ; &c. 

' 'i’bcy  are  all  comprehended  under  the  more  general 
aqusiion  where  the  two  indices  on  one  side 

tie  suli  equal  to  the  index  on  the  other  side  of  the  equa* 
lion;* which  include  both  the  former  kinds  of  equations,  as 
well  as  such  at  these  fallowing  ones,  viz,  n*x*  sy<,  or 
a*x*iBf y’,  or  <r*x^ 

CtntcvKM  Parabola,  is  a curve  of  the  2d  order  ex- 
pressed by  the  equation,  xy  :=  ax^'-i-  hr*  ^ ex  .t-  d,  con- 
taining foA  infinite  legs, 
vis,  two  hyperbolic  ones, 

MM  and  Bss,  to  the  com- 
mon asymptote  ab,  tend- 
ing commiy  ways,  and  two 
panbMc  legs  mn  and  Dir 
joiRjag  them,  U ing  New- 
ton's Mth  species  of  lines 
of  the  $d  order,  and  called 
by  him  a Trident.  It  is 
used  by  Descartes,  in  the 
3d  book  of  bis  Geometry,  for  finding  the  roots  of  equa- 
tions of  dimensions,  by  means  of  its  intersections  with  a 
circle.  Its  mos^aimple  equation  is  xy  :=  x^  And 

points  through  which  it  is  to  pass  may  be  easily  found  by 
meansofa  common  parabola  whose  abkrissisex'  bx  -t-  c, 

find  an  hyporbola*whose  absciss  is  - ; fury  will  be  equal 
to  the  sum  or  difference  of  the  corresponding  ordinates  of 
this  parabola  and  hyperbola. 

Descartes,  in  the  place  abovomentioned,  shows  how  to 
describe  ibis  curve  by  a continued  motion.  And  Maclau- 
rin  df>es  the  same  thing  in  a different  way,  in  his  Organica 
Geomclrid. 

Parabola,  is  aname  given  by  Newton  to  a 
species  uf  five  different  lines  of  the  third  order,  expressed 
by  the  equation  y*  » ax^  bx*  A-  ex  ^ d. 

The  first  is  a hclbform  parabola,  with  an  oval  at  its 
head-  (fig.  ^ ; which  is  tbc  case  when  the  equation  Q e: 
ttx^  -4-  bx*  ex  ^ d,  has  three  real  and  unequal  roots;  $0 
that  one  of  the  most  simple  equations  of  a curve  of  this 
kind  is  py*"  = x*  -h  ax*  «*x. 


the  equation  0 » ax^  bx*  ex  d has  its  two 


neater 

roots  equal;  the  more  simple  equation  being  py^  = x^ 
or*. 

Theitfa  is  a pure  bell-fonn  parabola  (fig.  3);  being  the 
case  when  0 = ox^  bx*  -i-  ex  d baa  two  imaginary 
roots ; and  its  most  simple  equation  is/^r*  = x*  ^ o’,  or 
= x^  -4-  o*x. 

The  6th  a parabola  with  two  diverging  legs,  forming  at 
their  meeting  a cusp  or  double  point  (fig.  4)  ; being  the 
case  when  the  equation  0 = cx^  -4-  bx*  ex  -1-  d has  tbhw 
equal  roots;  so  that  py  = x-’.is  the  most  simple  equation 
of  this  curve,  which  indeed  is  tbc  »emi-cubical,  or  Neilian 
parabola. 

If  a solid  generated  by  tbc  rotation  of  a semi-cubical 
parabola,  about  its  axis,  be  cut  by  a plane,  each  of  these 
five  parabolas  will  be  exhibited  by  its  sections.  For,  when 
the  cutting  plane  is  oblique  to  the  axis,  but  falls  below  it, 
the  section  is  a diverging  parabola,  with  In  oval  at  its 
head.  When  it  is  oblique  to  tbc  axis,  but  passes  through 
the  vertex,  the  section  is  a diverging  parabola,  having  an 
infinitely  small  oval  at  its  head.  When  the  cutting  plana 
is  oblique  lo  tbc  axis,  it  fulls  below  it,  and  at  ibe  samo 
timc'touchfs  the  curve  surface  of  the  solid,  as  well  as  cuts 
it,  the  section  is  a diverging  parabola,  with  a nodus  oc 
knot.  When  the  cutting  plane  fulls  above  the  vertex,  either 
parallel  or  oblique  to  the  axis,  the  section  is  a pure  di- 
verging  parabola.  And  lastly,  when  the  cutting  plane 
passes  through  the  axis,  the  section  is  the  semi-cubic^  pa- 
rabola from  which  the  solid  wav  generated. 

Parabolic  Atympiote,  is  used  for  a parabolic  lino 
approaching  to  & curve,  so  that  they  never  meet;  yet  by 
producing  both  indefinitely,  their  distance  from  each  other 
becomes  less  than  any  givi-n  line. 

There  may  be  as  many  dilTercnl  kinds  of  these  asym- 
ptotes as  there  are  parabolas  of  different  orders.  When  a 
curve  has  a common  parabola  for  its  avymptoto,  the  ratio 
of  the  subtangent  to  ilicHbvciss  approaches  continually  lo 
the  ratio  of  2 lo  1,  when  the  a.Ms  uf  the  parabula  coin- 
cidi-s  with  the  liaso;  but  this  ratio  of  tlicbuhlangeiu  lo  iho 
absciss  approaches  to  that  of  I*  to  2,  when  the  axis  is  per- 
pendicular lo  the  base.  And  by  uL>»>  rving  the  limit  to 
which  the  ratio  of  the  subtangeiii  and  absciss  approaches, 
parabolic  asymptotes  t f various  kinds  may  be  discoicred. 
See  Maclaurin’s  Fluxions,  art.  337* 
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pAlLAiiOLlc  Conoid,  is  a »olid  generated  by  the  rolatiun 
of  a parabola  about  its  axis.'^This  solid  i»  equal  to  half 
iu  Circumscribed  cyliuder ; arid  therefore  if  the  base  be 
roultipiied  by  the  height,  half  iRc  product  will  be  the  solid 
content. 

To  Jind  the  Curve  Surface  of  a ParahuhiJ. 

Let  BAD  be  the  gcnt-raling  para- 
bola, AC  =;  AT,  and  bt  a tangent  at 
B.  J*ui  p = y = BC,  X = AC 

s AT*  and  t s BT  = y*)  i 

then  is  lire  curve  surface  * 

(y 

See  various  other  rules  and  geome- 
trical constructions  for  the  surfaces  and  soliditi^  of 
parabolic  conoids,  in  my  Mensuraiiun,  part  3,  sec,  6,  4th 
edition.  * 

PABADriLic  PyramiJo/d,  is  asoUd  figure  thus  named  by 
Dr.  Wallis,  from  its  genesis,  or  formation,  «bich  is  thus: 
Let  all  the  squares  of  the  ordinates  of  a parabola  be  con- 
ceived to  be  80  placed,  that  (be  axis  shall  pass  perpendi- 
cularly through  all  their  centres ; then  the  aggregate  of 
all  these  planes  will  form  the  parabolic  pyrumidoul. — This 
figure  is  equal  to  half  its  circumscribed  }>arallelupipi’dun. 
And  therefore  the  solid  content  is  found  by  muliipl)  ing  the 
base  by  the  ahitude,  and  taking  half  the  product ; or  the 
one  of  these  by  half  the  other. 

Parabolic  Space,  is  the  space  or  area  included  by 
tlie  curve  line  and  base  or  doable  ordinate  of  the  parabola. 
The  afea  of  this  space,  it  has  been  shown  under  ihe^rticlc 
Parabola*  is  \ of  its  circumscribed  parallelogram;  which 
is  its  quadrature,  and  which  was  first  found  out  by  Archi- 
medes, though  some  say  by  Pythagoras. 

Parabolic  Spindie,  is  a solid  figure  conceived  to  be 
formed  by  the  rotation  of  a parabola  about  its  base  or 
double  ordinate. — This  solid  is  equal  to  of  its  circum- 
scribed cylinder.  See  my  Mensuration,  prob.  li,pa. 

&c,  4tb  ^iiion. 

Parabolic  Spiral.  See  Helicoid  Parabola. 

Paeaboliform  Cvftcs,  a name  sometimes  given  to  Uic 
parabolas  of  the  higher  orders. 

PARAROLOIDLS,  parabolas  of  the  higher  orders. — 
The  rquatio'n  for  uli  curves  of  this  kind  being  «■  — "j* 
the  proportion  of  the  area  of  any  one,  to  the  com- 
idcmrnt  of  it  to  the  circumscribing  parallelogram,  will  be 
as  m to  n. 

PARACENTRIC  Moti'on,  denotes  the  space  by  which 
a revolving  pUnci  approaches  nearer  to,  or  recedes  farther 
from^ihe  sun,  or  centre  of  attraction. 

Thus,  if  a planet  in  a move  towards  b ;*lhcn  is  sb  — 
SA  = 4n  the  paracentric  motion  of  that  planet:  where  s 
denotes  the  place  of  the  sun.  ^ 


Paracentric  Salicita/ion  rf  Grari/y,  is  the  aamc  as 


the  Vis  Centri[>eta;  and  is  expressed  by  the  line  At  drawn 
Irom  the  point  a,  puralUd  to  the  ray  sa  (infinitely  near 
sa),  till  It  intersect  the  tangent  bl.  . 

PARACHUTE,  or  Full‘breuker,  an  instrument  in  form 
of  a large  umbrella*  by  means  6f  tvhich  a person  may 
safely  descend  to  the  ground  with  a small  velocity,  from  a 
baiiuon*  or  from  ainy  great  beiglit  in  the  air. — This  U 
eflbeted  by  the  great  resistance  of  the  air  against  the 
descending  machine ; which,  being  resisted  by  a force  in- 
creasing as  the  square  of  the  velocity,  soon  cqmcs  to  de- 
Wend  with  a unilonii  luoiion.  And,  to  determine  what 
sisc  it  is  neibvssary  the  parachute  ought  to  have,  in  order 
that  the  velocity  may, be  at  any  given  moderate  rale,  tvt 
tho»(»Iuiion  of  prob.  1,  tract  38,  voi.  3,  of  my  Mathema- 
tical and  Phiiosophicai  'I'racts. 

PARALL.^Cnc  called  also  simply  Parallax, 
is  the  angle  est  (last  fig.  above)  made  at  the  centre  of 
a star,  &c,  by  two  lines,  drawis  the  one  from  ihc  centra 
of  the  earth  at  t,  and  the  oincr  from  Us  surface  at  E.— 
Or,  which  amounts  to*  the  same  things  the  parallactic 
angle  is  the  difference  of  the  two  angles  CE.v  and  bta, 
under  which  the  real  and  apparent  distances  from  the 
zenith  are  seen.— -The  sines  of  the  parallactic  angles  <ltv 
EST,  at  ihe  same  or  equal  distances  ds  from  the  zenith, 
are  in  the  reciprocal  ratio  of  the  distances,  tl,  and  Ts, 
from  the  contic  of  the  earth.  • \ 

PARALLAX,  is  an  arch  of  the  heavens  intercepted 
between  the  true  place  of  a star,  and  its  apparent  place. 
The  true  place  of  a star  9,  is  that  point  of  the  heavens  b, 
in  which  It  would  be  seen  by  an  eye  placed  in  the  centre 
of  the  earth  at  T.  And  the  apparent  place,  is  that  |K>iiit 
of  the  heavens  c,  where  a star  appi’ars  to  an  eye  on  the 
surface  of  the  earth  at  e.  This  ditlerence  of  places,  is 
what  is  called  absolutely  the  parallax,  or  the  parallax  of 
altitude;  which  Copernicus  calls  the  commutation;  and 
which  therefore  is  an  angle  formed  by  two  visual  rays, 
drawn,  the  one  from  the  centre,  the  other  from  the  cir- 
cumference of  the  earth,  and  traversing  the  body  of  the 
star;  bring  measured  by  an  arch  of  a great  circle  inter- 
cepted between  the  two  poiois  of  true  and  hpparent  places, 
h and  C. 

The  Parallax  rf  Altitude  cats  properly  the  difference 
between  the  true  distance  from  the  zenith  ab,  and  the 
apparent  distance  AC.  Hi-ncc  the  parallax  diminishes 
the  altitude  of  a star,  or  increases  iu  distance  from  the 
zenith  ; and  it  has  therefore  a contrary'  effect  to  tbcTefrac- 
tion. — The  parallax  is  greatest  in  the  horizon,  called  the 
horizontal  parallax  eft.  From  hence  it  decreases  all  the 
way  to  the  zenith  n or  a,  where  u is  nothing;  the  A-al  and 
apparent  places  there  coincidinz.  , 

The  horizontal  parallax  is-tbesamc*  whether  the  star 
be  in  the  true  or  apparent  horizon.— The  fixed  stars  bavu 
no  sensible  parallax,  on  account  of  their  immense  distance, 
to  which  the  semidiameU'r  of  the  earth  is  but  a mere 
point:  and  therefore  lines  drawn  from  any  two  parts  of 
the  earth,  to  the  stars,  may  be  considered  as  parallel. 
Hence  also,  the  nearer  a star  is  to  the  earth,  the  greater 
is  its  parallax  ; ami  on  the  contrary,  the  farther  it  is  off, 
the  less  is  the  parallax,  at  an  equal  elevation  above  the 
horizon.  So  the  star  at  a has  a*  less  parallax  than  the 
star  a*  i.  Saturn  is  to  high,  that  it  is  difficult  to  obn-rve 
in  him  any  paratla.x  at  all. 

Parallax  inen  ases  the  right  and  oblique  ascension,  and 
diminishes  the  drscension;  it  diminishes  the  northern  de- 
clinattou  ood  latitude  in  the  eastern  part,  and  increases 


PAR 


PAR  •[ 

ihcm  in  th(*  woitcrn  ; but  ii  mcrcns^*  the  «ontbcrn  dccU- 
nation  in  the  oM<i>tern  and  wcsfern  part;  it  <limini»lie»  the 
Inn^itudc  in  the  western  partt  and  increases  it  in  the 
eastern.  PuralUx  ihcreforc  liaijust  opposite  effects  to 
refnaciion. 

The  doctrine  of  parallaxes  is  of  the  greatest  import- 
ance in  astronuiny,  fur  determining  the  distances  of  the 
plant*t»»  comets,  and  other  phenomena  of  the  heaven*  tfor 
the  calculation  uf  eclipses,  and  fur  fiudingthe  longitude. 

Pahali-ax  f^Kight 
jitetasian  and  i>eac'en- 
sum,  it  an  arch  of  the 
equinoctial  od,  by 
which  the  parallax  of 
altitude  increases  the 
ascension, and  diminish- 
es the  descension. 

. Pakai^lax  of  De~ 
cUncHon,  is  an  arch  of 
a circle  of  decUnation 
Ji,  by  which  the  paral- 
lax of  altitude  inertrases 
■or  diminishes  the  declination  of  a star. 

Parallax  qf  Latitude,  is  an  arch  of  a circle  of  lati- 
tude 81*,  by  which  the  parallax  of  altitude  increases  or 
fiiminisbes  the  latitude. 

Menstruai  Parallax  qfthc  Sun,  is  an  angle  formed  by 
two  right  lines;  one  drawn  from  the  earth  to  the  sun, 
and  atmthcr  from  the  sun  to  ihc  moon,  at  either  of  their 
quadratures. 

Parallax  qfihe  /tnnaal  Orbit  qf  the  Earth,  is  the  dif- 
ference between  the  heliocentric  and  geocentric  place  of 
a planet,  or  the  angle  at  any  planet,  subtended  by  the 
distance  between  the  earth  and  sun.  There  arc  various’ 
methods  for  finding  the  parallaxes  of  the  celestial  bodies; 
some  of  the  pnncipul  and  easier  of  which  arc  as  follow  : 

To  obierve  tie  Parallax  qf  a Celettiai  Body. — Observe 
when  the  body  is  in  the  same  vertical  with  a £xcd  star 
which  is  near  it,  and  in  that  position  measure  its  apparent 
distance  from  the  star.  Observe  again  when  the  body  and 
star  are  at  equal  altitudes  from  the  horizon;  and  there 
measure  their  distance  again.  Then  the  diScrcucc  of  these 
distances  will  be  the  parallax  very  nearly. 

To  obsrire  tie  Parallax. — Observe  very  ac- 

curately the  moon's  meridian  altitude,  and  note  the  mo- 
ment time.  To  this  time,  equated,  compute  hea  true 
latitude  and  longitude,  and  from  these  find  herdt^lina- 
tion;  also  from  her  declination,  and  the  elevation  of  the 
cquatof,  hod  her  true  meridian  altitude.  Subtract  the 
refraction  (rom  the  obsi'rved  altitude:  then  thcdi£emice 
between  the  remainder  and  the  true  altitude,  will  be  the 
parallax  sought.  If  the  observed  altitude  be  not  meridi- 
onAl,  reduce  it  to  the  true  altitude  for  the  time  of  obser- 
vation. By  this  means,  in  1583,  Oct.  12  day  5 b.  m< 
from  the  moons  meridian  altitude  observed  at  13*^  38', 
'fyeho  found  her  parallax  to  be  5-I-  minuter. 

To  o5snTC  the  Moon’s  Para  lla  x in  an  Eclipse.— In  an 
eclipse  of  the  mooft  observe  when  both  horns  arc  in  the 
same  vertical  circle,  and  at  that  moment  take  the  ahi- 
Uidcs  of  both  horns;  then  half  their  sum  will  be  nearly 
the  apparent  altitude  of  the  moon's  ceuirv ; from  which 
subtract  the  refraction,  which  gives  the  apparent  altitude 
frebd  from  refraction.  But  the  true  aliKudc  is  nearly 
equal  to  the  altitude  of  tbe  centre  of  the  shadow  at  that 
lime : now  the  altitude  of  the  centre  of  the  shadow  is 
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known,  because  we  know  the  sun's  place  in  the  ecliptic, 
and  his  depression  below  the  horizon,  w hich  is  equal  to 
the  altitude  of  the  opposite  point  of  the  ecliptic,  in  which 
tbe  centre  of  the  shadow  is.  Having  thus  the  true  and  ap- 
pari-nt  altitudes,  their  difference  is  the  parallax  sought. 
Laiiire  makes  the  greatest  borizonial  parallax  1^  j'  *25", 
and  the  least  54'  5".  M.  le  Monnicr  determined  the  mean 
parallax  of  the  moon  to  be  bT  12*.  Others  have  made  it 
57'  18". 

From  the  ^Toon  s Parallax  eat,  and  altitude  %r  (last 
fig*  but  one)  ; to^nd  her  distance  from  the  Eauh. — From 
her  apparent  altitude  givqn,  there  is  given  her  apparent 
senith  distance,  i.  e.  the  angle  a Es ; or  by  her  true  altitude, 
the  complement  angle  Axa.  Therefore,  since  at  the  same 
time,  tbe  parallactic  angle  s is  known,  the  3d  or  supple- 
mental angle  Txs  is  also  known.  Then,  considering  tiie 
earth's semidiamcfrr  Teas  l,in  the  triangleTCS  aregfvrn 
■II  the  angles  and  the  side  te,  to  find  cs  the  moon's  dis- 
tance from  the  surface  of  the  earth,  or  ts  her  distance 
from  the  centre. 

Thus  Tycho,  by  the  observation  above  mentioned,  found 
the  moon's  distance  ut  that  time  from  the  earth,  was 
of  the  earth's  setuidiameters.  According  to  Lahire’s  de- 
termination, her  distance  when  in  the  perigee  is  near 
scmidiaineiers,  but  in  her  apogee  near  034 » and  thttefore 
the  mean  nearly  round  uumbets  60  semidia- 

meters. 

Hence  also,  since,  from  the  moon's  theory,  there  is 
gt>en  the  ratio  of  her  ilistanccs  from  the  earth  in  the 
Si'vorql  degri'CS  of  her  anomaly ; those  distances  being 
found,  by  the  rule  of  three,  in  semidiameters  of  the  earth, 
the  parallax  is  tlicncc  determined  to  tbe  several  degrees  of 
the  true  armniuly. 

To  observe  the  Parallax  qf  A/i/rs.—  1.  Suppose  Mars 
to  be  in  the  meridian  and  rouator  at  11 ; and  that  the  ob- 
server, under  the  equator  in  A,  observes  him  culminating 
with  some  fixed  »tar.  2.  If  now  the  observer  were  in  the 
centre  of  (he  earth,  he  would  see  Mars  constantly  in  the 
same  point  of  the  heavens  with  the  star;  and  therefore, 
together  with  it,  in  tbe  plane  of  the  horizon,  or  of  the  6ih 
horary:  but  since  Mars  here  has  some  sensible  parallax, . 
and  (hr  fixed  star  has  none.  Mars  will  in  the  ho- 

rizon, when  in  r,  the  plane  of  tiic  sensible  hohaon;  and 
the  star,  when  in  R,  the  plane  of  the  true  horixon  : there- 
fore observe  the  time  between  (be  transit  of  Mars  and  o( 
the  star  through  the  plane  of  tbe  6'lh  hour.— 3. Convert 
this  time  into  minutes  of  tbe  equator,  at  the  rate  of  15 
degrees  to  the  hour;  by  which  means  there  will  hr  ob- 
tained (hr  arch  pm,  to  which  the  angle  pam,  and  Con- 
sequently the  angle  amd,  h nearly  equal;  which  is  the 
horizontal  parallax  of  Mars. 

If  the  observer  be  not 
under  the  equator,  but  in 
a parallel  ig,  that  differ- 
ence Will  he  a less  arc|i 
qm;  (hm-fore,  since  (he 
small  arches  qm  and  pm 
are  nearly  as  their  sirtes 
A D and  I D ; and  since  a do 
is  equal  to  the  distance  of  the  place  from  tbe  equator, 
i.  e.  to  the  elevation  of  the  pole,  or  the  latitude;  ibcre- 
forc  AD  is  to  ID,  as  radius  to  the  cosine  of  the  latitude; 
bener  wc  have  this  proportion,  as  the  cosine  of  tbe  lati- 
tude ID  is  to  radius,  so  is  the  parallax  obserred  in  1,  to 
the  parallax  uuder  the  equator. 
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Since  ^fanan(l  the  6xed  srar  cannot  be  commodiously 
observed  in  tbc  horizon ; let  them  be  observed  in  (he  circle 
of  tbc  3d  hour:  and  since  tbc  parallax  observed  there 
TO,  tv  to  the  horisontdl  one  pm,  as  is  to  id  ; say,  as  the 
sine  of  the  angle  ids,  or  45^  (since  the  plane  do  is  in  the 
middle  between  the  meridian  dii  and.  the  true  horizon 
pm),  is  to  radius,  so  is  the  parallax  to  to  the  horizontal 
parallax  tm. 

If  Mapi  be  likewise  out  of  the  plane  nf  the  equator, 
the  parallax  found  will  be  an  arch  of  a parallel;  which 
must  therefore  be  reduced,  as  above,  to  an  arch  of  the 
equator. >-rLailly,  if  Mars  be  not  stationary,  but  either 
direct  or  retrograde,  by  observations  for  several  days  find 
out  what  his  motion  is  every  hour,  (bat  his  true  place 
from  the  centre  may  be  assigned  for  any  given  time. 

By  (bis  method  Cassini,  who  was  the  author  of  it,  ob* 
served  tbe  greatest  horizontsl  parallax  of  Mars  to  be  ; 
but  Mr.  Flamsteed  found  it  near  30*^.  C&ssini  observed 
also  the  parallax  of  Venus  by'  tbe  same  method.  • 

To  find  the  Sen’s  Parallax.— The  great  distance  of 
tbc  sun  renders  his  parallax  too  small  to  fall  under  even 
the  uicest  immediate  observation.  Many  attempts  have 
indeed  been  made,  both  by  the  ancients  and  moderns,  and 
roahy  methods  invented  for  that  purpose.  The  Brst  was 
that  of  Hipparchus,  which  was  followed  by  Ploicroy,  &c, 
and  was  founded  on  the  observation  of  lunar  eclipses. 
Tbe  second  was  that  of  Aristarchus,  in  which  the  angle 
subtended  by  the  semidiameier  of  the  moon’s  orbit,  seen 
Iroin  the  sun,  was  sought  from  the  lunar  phases.  But 
ihesc  both  proving  drticient,  astronomers  now  have  re* 
course  to  the  parallaxes  of  the  nearer  planets,  Mara  and 
Venus.  Now  from  iHa:  theory  of  the  motions  of  the  earth 
and  planets,  there  is  known  at  any  time  the  proportion  of 
the  distances  of  the  sun  and  planets  from  us;  and  the 
horizonul  parallaxes  being  reciprocally  proportional  to 
those  distances ; by  knowing  the  parallax  of  a planet,  that 
ol  the  sun  may  be  thence  found. 

Thus  Mars,  when  opposite  to  the  sun,  is  only  half  the 
distance  of  the  sun  from  us,  and  ibercfore  bis  parallax 
will  be  twice  os  great  as  that  of  tbe  sun.  And  Venus, 
when  in  her  inferior  conjunction  with  the  sun,  is  sometimes 
nearer  us  than  he  is ; and  therefore  her  parallax  is  greater 
in  the  same  proportion.  Thus,  from  the  parallaxes  of 
Mars  and  Venus,  Cassini  found  the  sun’s  parallax  to  be 
I0''i  whence  bis  distance  comes  out  22000  semidiameters 
of  the  earth. 

But  the  most  accurate  method  of  determining  the 
parallaxes  of  these  planets,  and  thence  the  parallax  of  the 
sun,  is  (hat  df  observing  their  transit.  However,  Mercury, 
though  frequently  to  be  seen  on  the  sun,  it  not  fit  for  this 
purpose;  because  he  is  so  near  that  luminary,  that  iho 
difleronce  of  their  parallaxes  is  always  less  than  the  solar 
parallax  required.  But  the  parallax  of  Venus,  being  al- 
most 4 times  as  great  as  the  solar  parallax,  will  cause  vr^ 
sensible  difirsenecs  between  the  times  in  which  she  will 
seem  to  be  passing  over  the  sun  at  diflereni  ports  of  tbe 
earth.  This  niolbod  of  drtcrtniniiig  the  sun’s  parallax  ap- 
pears to  have  been  first  proposed  by  Mr.JamcsGregory,vi2, 
in  bis  Optics  Promota,$chol.  pa.  130,  published  in  1663. 

>Vith  the  view  of  engaginj;  the  aitt'iition  of  astronomers 
to  this  method  of  determining  ibo  sun’s  parallax,  Dr. 
Halley  communicated  to  the  Royal  Society,  in  169I,  a 
paper,  containing  an  account  of  the  several  years  in  which 
vucb  a transit  may  happen, computed  from  the  tables  which 
were  then  in  use:  those  at  the  ascending  node  occur  in  the 
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month  of  November  o.  s.  in  the  years  918,  II61,  1396, 
1631,  1639,  1874,  2100,  0117;  and  at  the  descending 
node  in  May  o.s.  in  the  years  1048,  1283,  1291,  1518, 
1526,  1761,  1769,  199<>.  2004.  Philos.  Trans.  Abr. 
voi.  3,  pa.  448,  dec. 

Dr.  Halley  even  then  concluded,  that  if  the  interval  of 
time  between  the  two  interior  contacts  of  Venus  with  the 
sun,  could  be  measured  to  the  exactness  of  a second,  in 
two  places  properly  situated,  the  sun’s  pataliax  might  be 
determined  wiiliin  its  500lb  part.  And  this  conclusion  . 
was  more  fully  exp)ain<‘d  in  a subsequent  paper,  concern- 
ing (he  transit  of  V’enus  in  the  year  I/61,  in  the  Philos. 
Trans.  Nq,  348,  or  Abr.  vnl.  1 1,  pa.  .553. 

It  docs  not  ap|war  that  any  of  the  preceding  trausits 
had  been  observed;  except  that  of 
1639,  by  our  ingenious  countryman 
Mr.Horrox,  and  his  friend  Mr. Crab- 
tree, of  Manchester.  But  M r.  Horrox 
died  on  the  3d  of  January,  16*41,  at 
the  age  of  25,  just  after  he  had 
finished  bis  treatise,  V'enus  in.  Sole 
visa,  in  which  he  discovers  a more 
accuiate  knowledge  of  the  dimonsiuiis 
of  (he  solar  system,  than  his  learned 
commentator  Hevelius. 

To  give  a general  idea  of  this  me- 
thod of  determining  the  horizontal 
paiuila.<  of  Venus,  and  thence,  by 
analogy,  (he  parallax  and  distance  of 
the  ^n,  and  of  all  the  planets  from 
him ; let  DBA  be  the  earth,  v V'enus, 
and  TSR  the  eastern  limb  of  the  sun. 

Now,  to  an  observer  at  b,  the  point 
t of  (hat  limb  tvill  be  on  the  meri- 
dian, and  its  place  as  rcfcriTd  lo  iho 
heavens  will  Ik  at  E^Rnd  V’enus  will 
appear  just  within  it  at  a.  But  to  an 
obwrver  at  a,  at  the  same  instant, 

Wnus  is  cast  of  the  sun,  in  the  right 
line  AVr;  the,  point  t of  the  sun’s 
limb  appears  at  e in  the  heavens,  and 
if  Venus  were  then  visible  she  would 
appear  at  r.  The  angle  cva  is  the 
horizontal  parallax  of  Venus;  which 
is  equal  to  the  opposite  angle  fvp, 
measured  by  the  arc  rv.  a&c  is  (he 
sun’s  borizontnl  parallax,  equal  to 
the  opposite  angle  est,  measured  by 
the  arc  ce;  and  raeor  vac  is  Venus’s 
horizontal  parallax  from  tbe  sun, 
which  may  be  found  by  observing 
how  much  later  in  absolute  time  her 
total  ingress  on  the  sun,  is,  as  seen 
from  A,  than  as  seen  from  b,  whirh  is 
(he  time  she  takes  to  move  from  v to 
r,  in  htr  orbit  ovr. 

Jf  Venus  were  nearer  tbe  earth,  as 
at  u,  her  horizontal  paraila.x  from 
the  sun  would  be  the  arc  fe,  which 
measures  the  angle  fac;  and  tliii 
angle  is  greater  than  the  angle  r af,  by 
the  difference  of  (heir  measures  r/. 

So  that,  as  the  distance  of  the  celestiM 
object  from  the  earth  is  leu,  its  pa- 
rallax is  tbe  greater.  ' 
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Now  it  has  been  already  obMrved,  that  the  horitontal 
parallaxes  of  the  planets  ar^  invertely  as  their  distances 
from  the  earth's  centre;  and  consequently,  as  the  sun’s 
distance  at  the  time  of  the  trnnsu,  is  to  Venus's  distnnee, 

BO  is  the  parallax  of  Venus  to  that  of  the  sun  : and  as  the 
sun’s  mpan  distance  from  the  earth's  centre,  is  to  bis  di- 
stance on  the  day  of  the  tiansit,  so  is  his  borixoiital  paral- 
lax on  Uiat  day,  to  his  horizontal  pandlax  at  the  time  of 
his  meat)  distance  from  the  earth's  centre,'  Hence  his 
true  distance  in  scmidiainetcrs  of  the  earth  may  be  ob- 
tained by  the  following  HualoKy>  viz,  as  the  sine  of  the  sun's 
parallax  is  to  radius,  so  is  unity  or  the  earth's  semidiame- 
ter,  to  the  numbi^r  of  semidiaineters  of  the  e^rth  in  the 
sun's  distance  from  the  centre  ; wbichjiumber  muitlplh  d 
by  the  number  of  miles  in  the  catth's  semidiameter,  uill 
give  the  number  of  miles  in  the  sun's  distance.  Then  from 
the  proportional  disuinct's  of  the  planets,  determined  by 
the  theory  of  grarity,  their  true  distances  may  be  found. 
And  from  their  apparent  diameiers  at  these  known  di- 
stances, their  real  <liaimters  and  bulks  may  be  found. 

Mr.^bort,  with  great  labour,  deduced  the  quantity  of 
the  sun's  parallax  from  the  best  observations  tiiat  were 
made  of  the  transit  of  Venus,  on  the  6th  of  June,  1761 
(for  which  see  Philos.  Traiu.  eol.  51  and  5‘J)  both  in  Uri- 
tain  and  in  foreign  parts,  and  found  it  to  have  been  o"'551 
on  the  day  of  the  transit,  whm  the  sun  was  very  nearly  at 
bis  greatest  distnnee  from  the  earth;  andtunscquently  S^'65 
when  the  sun  in  at  bis  mean  distance  from  the  earth.  See 
Philos.Trans.  vol.  52,  pa.6il,5(C.  Whence, 

sin,  8"’65  - - log.  5*62191^ 

to  radius  - - ♦ - 10  000(X)00 

So  is  1 semidiameter  . *'•  00000000 

to  23822*84  semidiamelors  - - 4*37^^0860 

that  is,  238S2,Vir  the  number  of  the  earth's  scmidia- 
meters  contained  id  its  distance  from  the  sun ; and  this 
number  of  semidiamrters  being  multiplied  by  39^5,  the 
number  of  [English  miles  contained  in  the  earth’s  semidia- 
roeter  (though  later  obsi-rvations  make  this  semidiameter 
only  3957  miU*0»  there  is  obtained  95,173,127  miles 
for  the  earth’s  mean  distance  fn>m  the  sun.  And  henire, 
from  the  analogies  under  the  article  Distance,  the  mean 
distanc.es  of  all  the  rest  of  the  planets  from  the  sun,  in 
miles,  are  found  as  fullow,  viz, 

'MeredVy's  distance  - - 36,8H,46S 

Venus’s  distance  - - 68,891.486 

Mars's  distance  - - 145,014,148 

Vesta’s  distance  - - 224,145,086 

Juno‘S  dUlance  - - 253,541,210' 

Pallas’ distance  - - 263,153,691 

CenV  distance  - - 263,344,042 

Jupiter's  distance  - - 494,990,97b* 

Saturn's  distance  - - <>07,956,1,00 

Uranuv' distance  - - 1,816, 074, .574 

In  another  paper  (Philos.Trans.  vol.  53,  pa.  169),  Mr. 
Short  stales  the  mean  horizontal  parallax  of  the  sun  at 
fi"'69*  And  Mr.  H'irnsby,  from  Several  observations  of 
the  transit  of  June  3,  I769  (for  which  sec  the  Philos. 
Trans,  vol.  59),  deduces  the  sun's  parallax  for  that  day 
equal  Co  S'''65,  and  the  mean  parallax  8"*78 ; whimct!  lie 
makes  the  mi-nn  distance  of  the  earth  from  the  sun  to  be 
93,726.900  English  miles,  and  the  disunces  of  the  other 
planets  will  be 

Mercury's  distance  - - 36,281,700 

Venus’s  distance  • - 67,795,500 

Mars’s  distance  -*  - 142,818,000 
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Vesta's  distance  • • 220,739,033 

Juno’s  distance  - . 249.688,461 

Pallas’  distance  - ^ . 259,154,878 

Ceres’  distance  • * . 259,342,332 

Jupiter’s  distance  - . 487,472,000 

Saturn's  distance  • . 894,162,000 

Uranus' distance  - - 1,788,477,960 

See  the  Plulos.  Trans,  vol.  61,  pa.  572. 

Rut  others,  by  taking  the  ri'sulls  of  those  ol^rvations 
that  are  imAC  to  be  depended  on,  have  made  the  sun’s 
parallax  at  his  mean  distance  from  the  earth  to  be  b^'6045; 
and  some  make  it  only  8**54.  According  to  the  former  of 
tbesi*,  the  sun’s  mean  distance  from  the  earth  is  95,109,736 
,miU*s  ; ami  according  to  the  latter  it  is  95,834,742  mile«. 
On  the  whole  there  seems  reason  to  conclude  that  the  sun'a 
horizontal  parallax  may  be  staled  iit  8"  6,  and  his  distance 
near  95  millions  of  miles.  Hence,  the  following  horizon- 


tal parallaxes: 

Mean^aralhix  of  the  sun  - O'  8^*6 

Moon 8 greatest  • - 6|  32 

M jun's  least  • - .54  4 

Moon's  mean  • - - 57  48 

Mars’s  - • 0 25 


0/ the  Pa  uallax  0/ the  fixed  Stars.  As  to  the  fixed 
stars,  Uudr  distance  is  so  grnit,  thalit  has  never  been  found 
that  they  have  any  sensible  parallax,  either  with  respect 
to  the  earth's  diaineier,  or  r\rii  with  regard  to  the  dnimc- 
ter  of  the  earth's  annuai  orbit  round  the  sun,  though  thii  - 
diameter  is  about  19<)  millions  of  miles.  For,  any  of 
those  stars  Uung  ubserved  from  opposite  ends  of  this  dia- 
meter, or  at  the  interval  of  half  a ^^'ar  between  the  obser- 
vations, when  the  earth  is  in  opposite  points  of  her  orbit, 
yet  still  the  star  appears  in  the  same  place  and  situation 
in  the  hi  avens,  without  any  change  that  is  soiisibic,  or  mea- 
Buraiilewith  ihe  very  best  instrtiments.  not  amounting  to 
a single  srxond  of  a dcgri'c.  'I  hat  is,  the  diameter  of  the 
earth’s  annual  orbit,  nt  the  nearest  of  the  fixed  stars,  iloes 
not  subtend  an  angle  of  u single  second  ; or,  in  comparison 
of  the  distance  of  the  fixed  stars^the  extent  of  I9g  millions 
of  millions  is  but  as  a point ! 

The  parallax  of  the  fixed  stars  is  a subject  which  has 
engaged  the  att<  ution  of  many  able  astronomers,  but  hi- 
therto their  labours  have  been' unsticcissful.  f>r.  Her- 
scfiel,  to  whom  astronomy  is  »o  much  indebted  for  his  in- 
genious inbtiurs  and  accurate  uhservaiions,  has  proposed, 
in  the  Philosophical  Transactions,  a inelluHl  for  detennin- 
ing  the  annual  parallax  by  ni(‘ans  of  double  star«,  by 
which  it  would  become  seiuibic,  and  might  be  ascertained 
at  least  to  a greater  degree  of  accuracy  thAn  could  be 
efii'Cied  by  any  other  method,  though  it  should  not  ex- 
ceed the  10th  part  of  a second.  SecSrAit.  This  pro- 
blem is  highly  interesting,  ns  it  seems  to.otfer  the  only 
rational  data  for  determining  the  distances  of  the  fixed 
stars;  and  if  this  could  be  ascertained  with  any  tolerable 
degree -of  probability,  it  could  not  fail  of  being  very  grati- 
fying to  oslronomers,  ami  all  those  who  contemplate  with 
admiration  the  magnificent  works  of  the  Deity. 

Parallax  is  also  used,  in  Li-velliiig,  lor  the  angle 
contaim-d  between  the  line  of  truejt-vcl,  nnd  that  of  ap- 
parent level.  And,  in  other  braiiclK's  of  science,  for  the 
difierencc  l>ctween  the  trucand  apparent  places. 

PAK.XLLEL,  in  Geometry,  is  applied  to  lines,  figures, 
and  bodies,  which  arc  cvery-wlierc  equidistant  from  each 
other;  or  which,  though  infinitely  produced,  would  never  * 
either  approachncarcr,  or  recede  failbcr  froni)  each  other; 
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th«ir  distance  being  ercry-wherc  measured  by  a perpendi- 
cular line  bctw(.«en  them.  HeoCc, 

Pakallm,  rif^ht  Una  arc  those  which,  though  in6- 
Tilti’ly  produced,  would  never  meet : which  is  Euclid’s  de- 
finition of  thrra.— Newton,  in  lemma  1^2,  bf>ok  I,  of  his 
Principia,  deliurs  parallels  to  be  such  lines  us  tend  to  a 
point  infinitely  distant. — Pumllel  lines  stand  opposed  to 
lineji  converging,  and  diverging. 

Some  define  un  inclining  or  converging  tine,  to  be  that 
which  will  meet  another  at  a finite  distance,  and  a parallel 
tine,  that  which  will  only  meet  at  an  infinite  distance. 

As  a piTpcndicuSr  is  by  some  sakl  to  be  the  shortest  <*f 
all  lines  that  can  be  drawn  to  another;  so  u parallel  is  said 
to  be  the  longest. 

It  is  demonstrated  by  geometricians,  that  two  lines,  a 8 
and  CD,  thut  are  each  parallel  to  one  and  the  same  right 
line  Er»  arc  als^i  parallel  to  each  other.  And  that  if  two 
paraliel  lines  a b and  F.r  be  cut  by  any  other  line  on  ; then 
1st,  the  alternate  angles  arc  c(]Ual  ; via  the  angle  a = 
and  Z.  c =:  Z.  <f.  2d,  The  e\ternal  angle  is  equal  to  the 

internal  one  on  the  same  side  of  the  cutting  line;  via,  the 
Z.  e A Z.  d,  and  the  Z./=5  Z.  h.  3d,  1'hat  lhe  two^ntcrnal 
angles  on  the  same  side  arc,  taken  together,  equal  to  two 
right  angles  ; vie,  z.  a •+•  Z.  d = 180^,  or  Z.  c -h  Z.  A 
=s  130®. 


To  draxff  a PauaLLEL  Line. — If  the  line  to  he  parallel 
to  A B must  pass  through  a given  jioint  r : Take  the  nearest 
distance  betwixm  the  point  P and  the  given  line  ab,  by 
setting  one  foot  of  the  compasseA  in  r,  and  with  the  other 
describe  an  arc  Jnst  to  touch  the  line  in  a ; then  with  that 
distance  as  a radius,  and  a centre  b taken  any  wheic  in 
the  line,  describe  another  arc  c ; lastly,  through  p draw 
a line  pc  to  touch  the  arc  c,  and  that  will  be  the  parallel 
•ought. 
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OiA<tuiuc.<— With  the  centre  r,  and  a convenient  radius, 
describe  an  arc  BC,  cutting  the  given  line  in  b.  Next, 
with  the  same  radius,  and  centre  a,  describe  another  arc 
Pa,  cutting  also  the  given  line  in  a.  lastly,  Cuke  ap 
between  the  cumpassei,  and  ofiply  it  from  u to  c ; and 
through  P and  c draw  the  parallel  PC  required.  Or, 
draw  the  line  with  the  parallel  ruler,  described  below,  by 
laying  one  edge  of  the  ruler  along  ab,  and  extending  the 
other  to  the  given  point  or  distance.  When  the  one  lino 
is  to  bo  at  a given  distance  from  the  oth^ ; lake  that  dis- 
tance hetw’oi'n  the  compasses  as  a ritdius,  and  with  two 
centres,  taken  any  where  in  the  ^ven  line,  describe  two 
arcs ; then  lay  a ruler  just  to  touch  the  arcs,  and  by  it 
draw  the  parallel. 

TARAtlBL  Planci^  arc  every-where  equidistant,  or  have 
all  the  perpendiculars  that  arc  drawn  between  them,  every- 
where equak 

Parallel  in  Optics,  are  tboco  which  keep 


always  at  an  equal  distance  in  respect  to  ctcK  other,  from 
the  visual  object  to  the  eye,  from  which  the  object  is  sup- 
posed to  be  infinitely  distant. 

Parallel  Au/cr,  i»  a luaihematical  instrument,  con- 
sisting of  two  equal  rulers,  ABandco,  either  of  wood  or 
motal,  connected  together  by  twO  slender  cross  bars  or 
blades  ac  and  dD,  moveable  about  the  points  or  joints 
A,  B,  c,  D. — There  are  other  forms  of  this  instrument, 
a little  varied,  from  the  above;  some  having  the  two 
blades  crossing  in  the  middle,  and  hNcd  only  at  one  end 
of  them,  the  other  two  ends  sliding  in  grooves  along  the 
two  rulers;  6cC. 

The  use  of  this  inatrumom  is  obvious.  For  the  edge  of 
one  of  the  rulers  being  appiad  to  any  line,  the  uibur 
opi’ncd  to  any  extent  will  be  always  parallel  to  the  former ; 
and  comequciilly  any  parallels  to  this  may  be  drawn  by 
the  edge  of  ihcVuler,  opened  to  any  extent. 

' Pauallil  Sailings  in  Navigation,  is  the  sailing  on  or 
under  a parallel  of  latitude,  or  parallel  to  the  equate/.— 
Of  this  then;  arc  three  cases. 

1.  Given  the  Distance  and  Difference  of  Longitude;  to 
find  the  Latitude.— Rule.  As  the  ditT.  of  longitude  is  to 
the  distance,  so  it  ruilius  to  the  cosine  of  the  latitodc. 

Given  the  Lit.  and  Diff.  of  Longitude ; to  find  the  Dis- 
tance.— Rule.  As  radius  is  to  the  cosine  of  the  lat.  so  is 
the  diff.  of  longitude-  to  the  distance.  3.  Given  the  Lati- 
tude and  Distance;  to  find  the  difference  of  longitude. — 
Rule.  As  live  cosine  of  laU  is  to  radius,  so  is  the  distance 
to  the  diff.  of'lungituflc.  * 

Parallel  Sphertf  is  that  situation  of  the  sphere  where 
the  equator  coiucides  with  the  burisun,  and  the  poles  with 
the  seniih  and  nadir.— In  this  sphere,  all  the  parallels  of 
the  equator  become  parallels  of  the  homon  ; cunsequently 
no  stars  ever  rise  or  set,  hut  all  turn  round  in  circles  pa- 
rallel to  the  horiaon,  as  well  as  the  sun  himself,  which* 
when  ill  tlic  equinoctial  wheels  round  the  horizon  the  whole 
day.  AUo,  After  the  si/h  rises  to  the  elevated  pole,  he 
never  sets  for  6 tuuiiths  ; and  after  his  entering  again*on 
the  other  side  of  the  line,  be  never  rises  fur  6 months 
longer. 

'llils  position  of  the  sphere  can  only  happen  to  those 
who  live  at  ibe  pules  of  the  earth,  if  any  such  there  bo. 
The  greatest  height  the  sun  can  rise  to  them,  is  23t  de- 
grees. They  have  but  one  day  and  one  night,  each  ^ing 
half  a year  long.  Sec  SFiiEaE. 

Parallels,  or  Piaces^f  Atm,  in  a Siege,  arc  deep 
trenches,  15  or  18  feet  wide,  joining  the  several  attacks 
together ; and  serving  to  place  the  guard  of  the  trenches 
in,  to  be  at  band  to  support  the  workmen  when  attacked. 
—There  art^  usually  three  in  an  attack  : the  first  is  about 
600  yards  from  tfie  covert-way,  the  secend  between  3 and 
400,  and  the  third  near  or  on  the  glacis. — It  is  said  they 
wern  first  invented  or  used  by  V'au^n. 

Parallels  of'  AUitudcj  or  Almacantars,  are  circles 
parallel  to  the  horizon,  conceived  to  pass  through  every 
degree  and  minute  of  the  meridian  between  the  horizon 
ami  ceitilh  ; having  their  pole»  in  the  zenith. 

pARALL£U,or  PARALLEL  Circ/cz,  Called  also  Parallels 
of  latitude,  and  Circles  of  Lat.  are  lesser  circles  of  the 
sphere,  parallel  to  the  equinoctial  or  equator. 

Parallels  q/*  Declinationf  are  lesser  circles  parallel  to 
the  equinoctial. 

Parallels  of  Unitude^  in  Ger^raphy,  arc  lesser  cir- 
cles parallel  to  the  equator.  But  in  Astronomy  they  ar« 
pR^allci  to  the  ecliptic. 
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PARALLELISM,  the  quality  of  ft  pftrftlUl,  or  that 
which  denominates  it  such.  Or  it  is  that  by  which  two 
things,  as  lines,  rays,  or  the  like,*  become  equidistant  from 
each  other. 

Pahallelism  Oit  Enrlh*9  Axis,  is  that  invariable 
situation  of  the  axis,  in  the  progress  of  the  earth  through 
the  annual  orbit,  by  which  it  always  keeps  parallel  to 
itself;  so  that  if  a line  bo  drawn  parallel  to  its  a.\is,  while 
in  any  one  position;  the  axis,  in  all  other  positions  or  parts 
of  (he  orbit,  will  always  bo  parallel  to  the  same  line. 

In  consequence  of  this  pHrallelism,  the  axis  of  the  earth 
points  always,  as  to  sense,  to  the  same  plucc  or  point  in 
the  heavens,  viz,  to  the  polr±i.  Because,  tliougli  rc.'illy  the 
axis,  in  the  annual  motion,  tUfcribcs  the  surface  of  a cy- 
linder, whose  base  is  tlie  circle  of  the  earth’s  annual  orbit, 
yet  this  whole  circle  is  but  as  a point  in  comparison  with 
the  distance  of  the  fixed  stars ; and  iherafore  all  the  sides 
of  the  cylinder  seem  to  lend  to  (he  same  point,  which  is 
thcxelcstial  pole.-— To  this  parallelism  isowing  the  change 
and  variety  of  seasons,  with  the  inequality  of  days  and 
nights. 

This  parallelism  is  the  necessary  consequence  of  the 
earth's  double  motion  ; the  one  round  the  hun,  the  other 
round  its  own  axis.  Nor  i*  iherd  any  necessity  to  imagine 
a third  motion,  as  some  have  done,  to  account  fur  this 
parallelism.  * 

PARAi.LKt.iSH  qfRoXMofTree*.  The  eye  placed  at  the 
end  of  an  alley  bounded  by  two  lows  of  tiees  plan(c<l  in 
parallel  lines,  never  sees  thtm  parallel,  but  alw  ays  inclining 
to  each  other,  towards  the  larlher  end. 

Hence  mathematicians  have  taken  occasion  to  inquire, 
in  what  lines  the  trees  must  b<'  disposed,  to  correct  this 
effect  of  the  perspective,  and  make  the  rows  still  appear 
^ parallel.  And,  to  produce  this  effect,  it  is  evident  that 
the  unequal  intervals  of  any  two  opposite  or  corresponding 
trees  may  be  seen  under  equal  visual  angles.  For  this  pur- 
pose, M.  Fabry,  Tacqubt,  ami  t^arigoon  observe,  that  the 
rows  must  be  opposite  semi-hyperbolas.  Sec  the  Mem. 

Acad.  Sciences,  an.  1717.  Hut  rvolwiihstanding  the  inge- 
nuity of  their  >p«‘Culationa,  It  has  been  proved  by  Dalem- 
bert,  and  Bougucr,  that  to  produce  the  effect  proposed,  the 
trees  are  to  be  ranged  merely  in  two  diverging  right  lines. 

PAHALLEIXKJR.AM,  in  Geometry,  is  a quadrilateral 
right-lined  figure,  whose  opposite  sides  are  parallel  to  each 
other.— A parallelogram  may  be  conceived  as  gener.'Ucd 
by  the  motion  of  a right  line,  along  a plane,  always  pa- 
rallel to  itself. — Parallelograms  have  several  particular  de- 
nominations, anef  are  of  several  species,  according  to  cer- 
tain particular  circumstances,  ns  follow : 

When  the  angles  of  the  parallelogram  arc  right  ones,  it 
is  called  a rectangle.— When  the  angles  are  right,  and  all 
its  sides  equal,  it  is  a square.— When  the  sides  are  equal, 
but  the  angles  oblique  ones,  the  figure  is  a rhombus  or 
lozenge.  And  when  both  the  sides  and  angles  are  unequal, 
it  is  a rbomboides.  Every  other  quadrilateral  whose  op- 
posite sides  arc  neither  parallel  nor  equal,  is  called  a tra- 
pezium. 

o/ Me  Parallelogram.— ).  Ill  every  pa- 
rallelogram ABDC,  the  diagonal 
divides  the  figure  into  two  equal 
trian^es,  aiid,  acd.  Also  the 
epposile  angles  and  sides  arc 
equal , viz,  the  side  a a s c d,  end 
AC  = Et>,  also  the  angle  a ax  Z. 

- R,  and  the  • s c.  And 


the  sum  of  any  two  succeeding  angles,  or  next  (he  s^mc 
side,  is  equal  to  two  right  angles,  or  ISO  degrees,  as  ^ a 
-*-^C=Z.C-+'4D»^D-**/.D=:Z.B  + C a 
= two  right-angles. 

3.  AH  parallciiigramv,  as  abdc  and  n6oc,  are  equal, 
that  arc  on  the  same  base  co,  and  between  the  same  pa- 
ralleis  a6,  cd;  or  that  have  either  (he same  or  equal  bases 
and  nltitudet ; and  each  is  double  a triangle  of  the  same 
or  equal  base  and  altitude. 

3.  The  areas  of  parallelograms  are  to  one  another  in  the 
c«m|>ound  ratio  of  their  bas<-s  and  altitudes.  If  their  bases 

equal,  the  areas  arc  as  their  altitudes  ; and  if  the  alti- 
tudes be  equal,  the  areas  are  as  (he  bases.  And  when  the 
angles  of  the  one  paialieiogram  are  equal  to  those  of 
another,  the  areas  are  as  the  rectangles  of  the  aides  about 
the  equal  ungli's. 

4.  In  every  parallelogram,  Uic  sum  of  the  squares  of 
the  (wo  diagonals,  is  equal  to  the  sum  of  the  squares  of  all 
the  four  sides  of  the  figure,  viz, 

ad"*  BC*  = AJl’  f BD*  •+•  CA*.  Also  (bc  tWO 

diagonals  bisect  each  other;  so  that  ac  = ed,  and 

BE  =r  EC. 

5.  7b  find  the  Area  qf  a PAn.\LLELOCRAM.— Multiply 
any  one  side,  as  a base,  by  the  height,  or  perpendicular 
let  fall  upon  it  from  the  opposite  side.  Or,  imiltiply  any 
two  adjacent  sides  logelluT,  and  the  product  by  the  sine 
of  their  contained  angle,  the  radius  being  t : viz. 

The  area  is  =s  cd  % ap  = ac  x co  * sin.  zl.,C. 

Ccmfdement  of  a Parallelogram.  See  Cost  plf.ment. 

Centre  qf  Gravity  of  a Pa  iiALLELor.n.v  m.  *bce  Cektrb 
ofGratity^  and  Centkobaric  Mtthod. 

Pauallelogram,  or  Parallelism,  or  Pekta- 
GRAPH,  also  denotes  a machine  used  for  the  -ready  and 
exact  reduction  or  copying  of  designs,  schemes,  plans, 
prints,  he.  in  any  pruiKiriion.  See  Pektaghapii. 

Parallelogram  of  Ft>ica.  Set*  Forces,  ParclUlo^ 
gram  qf. 

Parallelogram  of  the  Hyperbola,  is  the  parallelo- 
gram formed  by  (he  two  asymptotes  of  an  hyperbola,  and 
(he  parallels  to  them,  drawn  from  any  jKiint  of  the  curve. 
This  term  was  first  used  by  Huygens,  at  the  end  of  his 
Di>$erta1io  de  Causa  Gravitatis.  This  parallelogratT),  so 
formed,  is  of  un  invariable  magnitude  in  the  same  hyper- 
bola ; and  the  rectangle  of  its  sides  is  equal  to  the  poncr 
of  the  hypeibola. 

This  parallelogram  is  also  the  modulus  of  the  h'gariih- 
mic  system ; and  if  it  be  taken  as  unity  or  I,  the  hyper- 
bolic sectors  and  segments  will  currespoiul  to  Napier's  or 
the  natural  logarithms;  for  which  reason  these  have  been 
called  the  hyperbolic  logarithms.  If  the  parallelogram  bi* 
taken  = '434‘J944$iy0  ^:c,  these  sectors  ami  scgmvriie 
will  represent  Briggs’s  logarithms;  in  which  ca>c  the  two 
asymptote's  of  the  hyperbola  make  between  them  an  angle 
of  23“  44'  23"F 

Newtonitin  or  Analytic  ParaLLELOGham,  a term  used 
for  an  invention  of  .Sir  Isaac  Newton,  to  find  (he  first  term 
of  an  infinite  converging  series.  It  U^oinetimes  called  the 
Method  of  the  Parallelogram  ami  Ruler;  because  a ruler 
or  right  line  is  also  used  in  it.  This  analytical  parallelo- 
gram is  formed  hy  dividing  any  geometrical  parnllelograiu 
into  equal  small  squares  nr  parallcIo;;rams,  by  lines  drawn 
horizontally  and  perpendicularly  through  the  equal  divi- 
iioQS  of  the  sides  of  the  parallelogram.  The  small  cells, 
thus  formed,  arc  filled  with  the  dimensiony  or  powers  of 
the  species  x aody,  and  ibctr  products. 
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For  in»laoce,  the  powm  of  jr,  a d 

as^’of  \,3/,r’,y\y',  &c,  bcin* 
placed  in  (he  iuwcsl  hort/on(al 
range  uf  cells;  and  (hr  powers  of 
X,  os  I , r,  X*,  iec,  in  (he 

vertical  column  to  the  left;  or 
vice  versa;  these  powersand  their 
proilucts  will  stand  as  in  this 
fi-urc: 

Now  when  any  literal  rt|ua- 
lion  is  pr6pi»scd,  involving  va* 
nous  powers  of  the  (wo  unknown  quantities  x andy» 
to  hud  the  value  of  one  of  these  in  an  infinite  scri^  of  the 
powers  of  the  other ; mark  such  of  the  cells  us  correspond 
to  all  iu  terms,  or  that  contain  the  same  powers  and  pro* 
duels  of  X andy;  then  let  a ruler  he  applied  to  two,  or 
|>erhaps  more,  of-thc  parallelograms  so  marked,  of  which 
let  one  be  the  lowest  in  the  left-hand  column  at  a a,  the 
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other  touching  the  ruler  towards  (be  right  hand  ; and  let 
all  the  rest,  not  touching  the  ruler,  lie  ahovc  it.  Then  se- 
lect those  terms  uf  the  equation  which  arc  repreaented  by 
the  cells  that  touch  (he  ruler,  and  from  them  find  the  first 
termor  quantity  to  be  put  in  (he quotient. 

Of  (he  application  uf  this  rule,  Newton  has  given  seve- 
ral examples  in  his  Method  of  Fluxions  and  Infinite  Series, 
pa.  9 And  10,  but  without  demonstration ; which  has  been 
supplied  by  others.  See  Colv>n's  Comment  on  that  trea- 
tise, pa.  19^  et  M>q.  Also  Newton**  Letter  to  Olden- 
burg, f)c(.  24,  1 6/ 6.  Maclaurin's  Algebra,  pa.  25 1.  And 
especially  Cramers  Analyses des  Lignes  Courbes,  pa.  148. 
*~This  author  observes,  that  this  invention,  which  is  the 
true  foundation  of  the  method  of  series,  was  but  imper- 
fectly understood,  and  not  valued  as  it  deserved,  for  a long 
time.  He  thinks  it  however  more  convenient  in  practice 
to  use  the  Analytical  Triangle  of  the  abbe  deOuo,  which 
takes  in  no  more  than  the  diagonal  cells  lying  between  a 
and  c,  and  ihoM!  which  lie  between  (hem  and  b. 

I’ahallblocram  Vrotracior,  a mathematical  instru- 
ment, consisting  of  a semicircle  of  brass,  with  four  rulers 
in  form  of  a parallelogram,  made  to  move  to  any  angle. 
One  of  these  rulers  is  an  index,  which  shows  on  the  semi* 
circle  the  quantity  of  any  inward  and  outward  angle. 

PaR.^LLI'XOIMFED,  or  rARALi-BLOFircnoK,  is  a 
solid  6gure  contained  under  six  parallelograms,  the  oppo- 
sites of  which  arc  equal  and  pnrallel.  Or,  it  is  a pnsro 
■whose  base  is  a p.'irallcIwgrHm. 

PropertieM  of  rAe  Pa RAixELOPi PEOOK^*-A^  parallolo* 
pipedons,  whether  right  or  oblique;  that  have  their  bases 
and  altitude's  equal,  are  equal ; and  (*ach  equal  to  triple  a 
pyramid  of  an  equal  base  and  altitude.^^A  dia;^nul  plane 
divides  (he  parallclopt|>edun  into  two  iH|ual  triangular 
prisms. — See  other  properties  under  the  general  term 
ParsM,  of  which  (his  is  only  a particular  species. 

To  mtnsure  the  Surfuce  and  Soiidity  qf  a Parallk- 
LOPiPKDoR. — rmd  the 
arras  of  the  three  paral- 
lelugfams  an,  bb,  and 
BG,  which  add  into  one 
sum ; and  doable  that 
sum  will  be  tbe  whole 
surface  of  the  paralldo- 
pipedon.  Or, 

Fur  tiie  solidity;  multiply  tbe  base  by  the  altitude; 
(hat  is,  any  one  face  or  side  by  its  distance  from  the  oppo- 
site side ; as  ao  X DC«  or  AB  R Bi,orio  X Bp. 


PARAMETER,  a certain  conftan!  right  line  in  rnch  of 
the  ihrceconic  sections ; otbcrwiac  called  alsolatus  fvciuni. 
—This  line  is  called  parameter,' or  equal  measurer,  bt- 
causrr  it  measures  the  conjugate  axis  by  tbe  same  ratio 
wluch  is  between  the  iwu  axes  themselves  ; being  indeed 
a third  proporiional  to  them  ; \ 'iz,  a third  pru|>onional  to 
(he  transverse  and  conjugate  axes,  m tbe  ellipM*  and  hyper- 
bola; and,  whicii  is  the  s.imr  ihitia,  u third  proportional 
to  any  absciss  and  its  ordinate  in  the  parabola.  So  if  I 
and  c be  the  two  axes  hi  the  ellipw  aii<i  h^pi-rbolS,  and  x 
andy  an  absciss  and  its  ordinate  in  the  parabola; 
then  < : c ; : c ; /»  =s  — the  param.  in  the  former, 

and  X : y : : y : p = the  param.  in  the  Inst. 

Tbe  parameter  is  equal  to  the  double  ordinate  drawn 
through  the  focus  of  any  of  the  three  conic  sections. 

PAR.*VPET,  or  Breastioork^  in  Fortification,  is  a defence 
or  screen,  on  the  extreme  etlgi*  of  a rampart,  or  other 
work,  serving  to  cover  (bo  soldiers  and  the  cannon  from 
the  enemy's  rire.— The  thickness  of  the  parapet  is  IS  or 
20  feet,  commonly  lined  with  masonry  ; and  7 or  8 feet 
high,  when  the  enemy  has  no  command  above  the  battery  ; 
otherwiu',  it  should  be  raised  higher,  to  cover  the  mea 
while  they  load  tbe  guns.  There  are  certain  openings, 
called  Embrasures,  cut  in  the  parapet,  from  the  top  down- 
wards, to  within  about  2|  or  3 feet  uf  the  bottom  of  jt, 
for  (he  cannon  to  tire  through  ; the  solid  pieces  uf  ic  1^ 
tween  oncembrasure  and  another,  being  called  Merlons. 

Parabct  is  also  a little  breast-wall,  raised  on  (he  brinks 
of  bridges,  quays,  or  high  buildings;  to  serve  as  a stay, 
and  pri'vent  ncv>pl«  from  falling  uier. 

PARDIES  (loKATius  Gaston),  an  ingenious  French 
mathematician  and  pliilt>soplier,  was  bom  a<  Pau,  in  tbe 
province  of  Gascony,  in  his  father  being  a coun- 

sellor of  the  parliament  of  that  city. — At  the  age  of  l6 
hr  entered  inio  the  order  of  Jesuits,  and  made  so  great  • 
proficiency  in  his  studios  that  he  taught  polite  literatun*, 
and  compuM'd  many  pied's  ill  proK*  and  verse  with  a dis- 
tinguivhi'd  dilicacy  of  thought  and  style,  before  lie  was 
well  arrived  at  the  age  of  manhiMid.  Pnipriety  and  ele- 
gance of  l.'ingiiage  appear  to  have  two  his  first  pursuits; 
for  which  purpose  he  studied  the  Holies  Lettres^  and  other 
learned  prodiictimis.  Uut  afterwards  he  devoted  himself 
to  mathematical  ami  philofiophical  studies,  and  read,  with 
due  attention,  the  most  valuable  authors,  ancient  and  mo- 
dern, in  those  sciences  : so  that,  in  a short  time  he  made 
himself  master  of  tbe  Peripntcticand  Cartesian,  philosophy, 
and  taught  them  Ixith  with  great  reputation.  Notwith- 
standing he  embraced  Cnrtciinnism,  yet  he  affected  to  be 
rather  an  inventor  in  philosophy  himself.  In  this  spirit  he 
sometimes  advanced  very  bold  opinioiW|  which  met  with 
opposers,  who  charged  him  with  starting  absurdities:  but 
ho  was  ingenious  enough  to  give  his  notions  a plausiblt 
turn,  so  as  to  clear  them  seemingly  from  contradtctioiis. 
His  nputation  procured  him  a call  to  Paris,  as  profesaor 
of  rhetoric  in  the  college  of  Lewis  the  Great.  He  also 
(aught  the  mathematics  in  that  city,  as  he  had  before  done 
in  other  places,  lie  had  fruin  his  youth  a happy  genitv 
for  (hat  science,  gnd  made  a great  progress  in  it } and  tb« 
glory  which  his  writings  acquired  him,  raised  (be  higbeat 
expi'Ctations  from  his  future  labours;  but  these  were  all 
blasted  by  bis  early  death,  in  1673,  at  37  years  of  age ; 
Calling  a victim  to  bis  seal,  be  having  caught  acoutagioue 
disor&r  by  preaching  to  the  prtsuocrs  in  the  BiceUe. 
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Parilies  wrote  with  |»rrftt  rwatnes*  anti  c-lcgancc.  His 
principal  works  arc  as  loUow  : 

1.  llorologiunri'kaunmiiciim  duj»k*x  ; l6()2,  in4to. — 

2.  Dissertutio  (le  Moiu  cl  Natura  Cumetarum  ; I0u5, 8vo. 
— 3.  Discours  du  Mouvement  Local ; l(i70,  l ^mo.-r+. 
Klemcns  tie  Cicomctrie;  l6/0,  IJmo. — This  has  been 
tfunslarcd  into  several  languages  i in  Knglisli  by  Dr.  Har- 
ris, in  1721.— 5.  Discours  tie  lu  Connoivsaiicc  dis  Ueu-s; 

l2mo.— 6.  Lctirc  d'un  Pbilosoplu-  a on  Carleaicn 
doses  atiis}  l6?2,  l2ino.— 7.  I-t  Sialit^ue  ou  la  ^kiencc 
dcs  Forces  Mouvanli’s;  107J,  12nu>.— Dcstriplion  cl 
Explication  do  deux  Machines  proprvsalairc  des  (’.ulrans 
rtvec  uiie  grande  facility  ; 16/3, 12mo. — ,0-  Ueinarques  tlu 
Mouvemotu  de  la  Luroiere. — 10.  GlubiCadeslisin  labul  i 
plana  redacii  descriptin  ; l6f3,  folio. 

Part  of  his  works  tscre  printed  togrthrr,  at  ilic  lla^uc, 
1691,  ill  l2tno;  and  again  at  Lyons  1723. — Pardies  Jiod 
a dispute  uUo  with  Sir  Isaac  NewtoUt  about  bh  new  theory 
of  light  and  colours,  in  His  Letters  arc  inserted  in 

the  Philo!«o{>hical  Transactions  for  that  year. 

■ PARENT  (An'TUONy),  a rcspeclahlc  French  matht- 
maiician,  was  bom  ut  Pans  in  1606.  lie  showed  an  early 
propensity  to  tbeiimlbematics, eagerly  jkrusmg  such  books 
in  that  scit  ncciis  fell  in  his  way.  Ills  custom  was  to  write 
remarks  in  the  margins  of  the  books  he  read  ; aod  in  this 
way  be  bad  tilled  a number  of  books  w ith  a kind  of  com- 
rngnUry  by  the  lime  he  was  13  yenrsof  age  ; and  not  many 
years  alter  a trciiiiso  on  gnomomcs.andunuilicr  on  geometr  y. 

His  friends  ti\cn  sent  for  him  to  Puns  lu  siuciy  the  law  ; 
and  in  obedience  to  (hem  he  went  through  a course  in  ihnt 
laculty  : which  was  no  sooner  Hnisbeti  ihuii,  urged  by  his 
passion  for  mathematics  he  shut  himself  up  In  the  ccdlege 
of  Dormans,  that  no  avocation  might  take  hini  from  his 
beloved  sluihy  : and.  with  an  allowance  of  less  (liuii  200 
livres  a-ycar,  he  lived  conirnt  in  this  retreat,  from  which 
he  oevcrsilrrcd  but  to  the  Royal  College,  to  bear  the  icc* 
turcs'of  M.  Lahireor  M.dc  bauveur;  uddii|g  le  Ins  small 
income  by  (eaebing  some  pupils.  M.  Parent  made  two 
oampiiigns  with  the  marquis  d'Aligit*,  by  which  he  in* 
ttrucied  himself  sutlicieiuiy  in  viewing  lortilied  places; 
of  which  he  drew  a number  of  plans,  though  ho  had  never 
learned  the  an  of  drawing. 

From  this  pi*riod  he  spent  his  lime  in  a continual  appli* 
cation  to  the  study  of  natural  philosophy,  and  matheuta' 
tics  in  ail  it»  branches,  both  speculative  and  practical ; 
to  which  he  nUo  added  unalomy,  bi«iany,  and  chemistry  ; 
his  genius  and  indefatigable  application  ovr^rcotning  every 
obstacle  to  these  pursuits.  , 

M.  de  DilleUcs  being  admilted  into  the  Academy  of 
Scicnci^  at  Paris  in  l6'9il)  the  title  of  their  mechu* 
ttician,  he  named  M.  Parent  for  hi^cleve  or  disciple,  a 
branch  of  mathematics  in  which  be  chieily  excelled.  It 
w’as  soon  discovered  in  this  society,  that  he  engaged  in  all 
the  different  subjects  which  were  brought  before  them; 
and  indeed  that  heliada  hand  in  every  thing,  laiiispro* 
ductions  he  was  charged  with  obscurity  ; a fault  lor  which 
be  was  indeed  justly  blamed. 

By  a regulatiurv  of  the  academy  in  1716,  the  class  of 
cloves  was  suppressed,  as  that  dislinciion  seemed  to  put  too 
great  an  inequality  between  the  memlwrs.  M.  I’aicnt  was 
made  un  adjunct  or  assistant  luenibcr  for  the  class  of  geo- 
metry: though  be  eiijo^'cd  this  promotion  but  a Very  sbuU 
time ; beiug  cut  olf  by  the  &«nall*po.\  the  same  year,at  30 
years  of  age. 

M.  Parent,  besides  leaving  many  pieces  in  manuscript, 
publisbed-UiG  following  works: 


1.  Elemens  dc  Mecaniquc ct  de  Physique,  12mo,  1700. 

2.  KerhiTchcv  de  Mathcroutiqucs  et  de  Physique  ; 

3 vois  4tt»,  1714.  ■ 

3.  Ariihnictique  theorico-pratiqitf ; in  8vo,  1714. 

4.  A great  many  papers  in  the  volumes  of  the  Memoirs 
of  tl]^  Arudemyof  Sciences,  from  the  year  J/OO  to  1714, 
several  papers  in  almost  every  volume,  on  a variety  of 
branciu'H  in  the  inathermiUCs. 

PAIKHITING,  in  Building,  is  used  for  the  plastering 
of  walls;  MimcTimcv  for  plaster  itsw-lf. 

i*AUlll.LiON,  or  Pauiillicm,  denotes  a>nock>sun, 
or  meteor,  appearing  us  a vx'ry  bright  light  by  the  side  of 
the  stilly  being  fortnvd  by  the  reffectioh  of  his  U*anis  in  a 
cloud  pro|K.rly  situated. 

Parhdta  usually  accompany  the  corona:,  or  luminous 
circles,  and  are  placed  in  (be  ^alue  eircumfeivnre,  and  at 
the  same  height.  '1‘heir  colours  resemble  (hove  of  (he  rain- 
bow ; the  red  and  yellow  ure  on  tliai  side  towards  the  sun/ 
and  the  blue  and  violet  on  the  other.  Though  coroiiae  arc 
sometimes  seen  entire,  without  any  puibelia;  and  some- 
times paihelia  without  corona:. 

The  apparvut  size  of  parhelia  is  (be  same  us  that  of  the 
true  sun;  but  they  arc  not  always  round,  nor  so  bright  as 
(he  sun;  and  when  several  appear, some  ere  brighter  (ban 
others,  'i  hey  arc  tinged  externally  with  colours  like  the 
lainbow,  and  many  of  them  have  a long  fiery  tail  opposite 
to  the  sun,  but  paler  towards  the  cxireniily.  borne  par- 
helia have  boen  oh^erved  with  two  tads  and  others  with 
three.  These  tails  mostly  ap^xmr  in  a white  horizontal 
circle,  commonly  pasdng  through  ull  the  parhelia,  and 
would  go  through  llie  centre  uf  the  sun  if  il  wer<  entire, 
boindiines  thcic  are  arcs  of  lesser  citcles,  concentric  to 
this,  touching  those  coloured  circles  which  surround  the 
sun  : these  are  also  tinged  with  colours,  and  cuiituin  other 
parhelia. 

Parhelia  arc  generally  situated  in  the  interscctioris  of 
circle's;  but  Cassini  Sijys,  those  which  he  saw  in  1083, 
were  on  the  outside  ot  the  coloured  circle,  though  the 
lads  were  in  the  circle  that  was  parallel  to  the  horizon. 
M.  Aepinus  apprehends,  that  parhelia  with  elliptical 
corona*  are  more  frequent  in  the  nonhern  regions,  and 
those  with  circular  ones  in  the  southern.  They  have  been 
visible  for  one.  two,  three,  or  four  hours  ir»getber;  and  it 
is  said  that  in  North  America  they  continue  scvcnil  day’s, 
and  arc  visible  from  stimrise  to  sun-set. . When  the  par- 
helia disappear,  it  sometimes  raina,  or  there  falli  snow  in 
the  form  of  oblong  spicuia:.  And  Mariottc  accounts  for 
(he  appearance  of  parhelia  from  an  intmily  of  small  par- 
ticles of  ICO  Huattiis  in  the  air,  which  multiply  ibe  image 
of  the  sun,  either  by  refracting  or  breaking  his  rays,  and 
thus  making  him  np|H'ar  where  he  is  not ; or  by  rcticcting 
ihrm,nnd  serving  n>  mirrors. 

' Many  philoMiphen  have  written  on  parhelia;  as 
' Aristotle,  Pliny,  .Scluiner,  Gassendi,  Descartes,  Huygens, 
Hevelius,  laihire,  (assini,  Grey,  Halley,  Maraldi,  .Mus- 
schenbroek.  See.  Her  Smith's  Optics,  book  1,  cfiup.  11 ; 
Priestley's  Hist,  of  Light, &c,  pa.  6l3;  MusschenbfKek's 
Introduction,  ^<c,-vol.  2,  pa.  1038,  4to ; and  Dr.  Themas 
Young's  Philosophy. 

PARODiCAL  Degrertf  in  an  equation,  a term  that  lioi 
been  sometimes  used  to  denote  the  several  regular  terms, 
or  lower  powers  of  the  unknown  quantity  x,  in  an  equa- 
tion, when  the  indicts  of  the  powers  ascend  nr  descend 
orderly  in  an  arithmetical  prt^rission.  Thus  x’  -h  mi* 

PI  s:j)  is  A cubic  equation  where  no  term  is  wanting,  but 
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having  allits  parodic  ci^grres ; the  indices  of  the  terms  re* 
gularly  descending  thus,  3,  2,  I,  0. 

PART*  Aliifticaitt  AUtfuot^  Gr^/ar,  rropatlioKatf  Simi^ 
iuTt  iicc.  St*u  the  respective  adjectives. 

PAKTICLK.  the  minute  part  of  a body,  or  an  as* 
scinbtuge  ol'  tevemi  of  the  atoms  of  which  naturoi  bodies 
«re  compuaed.  Particle  is  sometimes  coosidered  as  syno* 
nymous  with  atom,  and  curpu&clc ; .and  someliims  they 
are  distinguished.  l\irlicles  are,  as  it  were,  the  eleiiicnis  of 
bodies ; by  Hie  various  arrangement  and  texture  of  vvhich, 
with  the  diffiTCiicc  of  the  cohesion,  &c,  are  coiistiiuied 
the  several  kinds  of  b«Klit's,  bard,  s«>ft,  liquid,  dry,  heavy, 
light,  &c.  The  smallest  particles  or  corpuscles  cohere 
with  the  strongest  attractions,  and  always  compose  Urgi*r 
particles  of  weaker  culiesiun : and  inany«)f  these,  cohering, 
compose  still  larger  parlicU'S,  whose  vigour  is  still  weaker ; 
and  so  uii  for  rllvers  successions,  till  the  prugres»nm  end 
in  the  largest  particles,  upon  which  the  operations  in 
chemistry,  and  the  colours  of  natural  bo^ites,  depend; 
und  wiiicl),  by  cohering,  compose  bodies  of  sensibiu  mag- 
iiiturle. 

PAKTV  ArcheSt  in  Architecture,  arc  arcing  built  be- 
tween separate  tenures,  where  the  prupiTty  is  inlerinixed, 
ami  apartments  over  each  other  do  not  belong  to  the  same 
estate. 

Party  iru//r,  are  jnirlilioni  of  brick  made  between 
buildings  in  separate  occupations,  for  preventing  the  aprrad 
of  fm*.  'Him'  are  made  thicker  than  the  external  walls; 
and  their  thickness  in  Lomluii  is  rt^ulalcd  by  act  of  par- 
liament of  the  I4lh  of  George  the  Tliiid. 

PASCAL  (Ulaisk),  a respectable  Preiich  mathema- 
tician and  philosopher.  He  was  bom  at  Clermt>nt,  in 
Auvergne,  in  the  year  l623.  His  father,  Stephen  I'ascul, 
wav  pnsideni  of  the  Court  of  Aids  m his  province : he 
was  alM>  a very  learned  man,  an  able  iimthematician,  and 
a friend  of  Descartes.  Ilnving  an  ex Iraordiiiary  tender- 
for  this  chdd,  his  only  son,  he  quitted  hi»  otHce  in  his 
province,  .md  srtiU'd  at  Paris  m 16.11,  that  be  might  be 
quite  at  Uisure  to  attend  his  son's  education,  which  he 
conducted  himudf,  and  young  l^ascal  never  had  any  other 
inaHter. 

Trom  his  infancy  Ulaisc  gave  proo(s  of  a very  cMiuor- 
diimry  capacity.  He  was  e.xtrrmoly  inquisitive;  dvstnng 
to  know  tiie  rt'uson  ol'every  thing ; and  when  good  reasons 
wen*  not  given  him,  he  would  seek  fur  better ; nor  would 
he  ever  yield  hU  ucvent  but  on  such  us  ap|K-ared  to  him 
welh  groumled.  Whut  is  told  ot  bis  manner  of  learning 
the  mathematics,  m well  us  the  progress  he  quickly  made 
III  that  science,  H*ems  almost  miiaculuus.  rrmt  a simple 
inatheroatical  delinilioii,  he  discovered  by  degrees,  and  by 
the  uoaoli'd  force  of  hii  imiid,  that  the  thice  augles  of 
ever)’  triaiigje  are  together  equal  to  two  rigiu  angles,  as 
well  as  Kvi-ral  of  the  other  theorems  of  I'.uclid.  At  l6 
yean  of  age  Pascal  composed  u liacl.oii  the  Conic  2>v*c- 
lions,  which  was  considered  as  a prodigy  of  siigauiy. 
.Scarcely  had  be  attained  bis  l>)(li  year,  when  he  iitvcnU’il 
the  famous  anthmeticul  machine  which 'bc-ars  his  nume, 
und  by  which  all  kinds  trf  operations  id  numU’rs  iim^  be 
performed,  by  the  useof  the  e)es  and  hands  only.  Soon 
ulterwards  his  experiments  dedded  the  opinionH  of  philos^i- 
phers  rc.4|K-cting  the  weight  of  the  air.  He  invented  the 
aritliim  tical  tnangle,aiid  the  elomentsof  tlie  aiithmetic  of 

prubahilttics. 

Ail  these  labours  ruined  the  health  of  Pascal.  Uodily 
weakucss  obliged  him  to  suspend  all  mental  cxertious,  and 


to  commence  u course  of  roocU'mlc  exercise.  One  day 
in  16'.>4-,  as  lie  was  riding  to  the  bridge  oT  NeuiUy,-  iir  a 
chariot-and-four,  the  two  foremost  horses  ran  away  close 
to  a precipice,  where  there  wits  no  parapet,  down  which 
they  rushed  :nto  the  Seme.  Fortunately  they  broke  the 
traces  by  their  lirst  elfurt,  ami  Iclt  the  chariot  stamliag  on 
. the  very  biink  of  the  4»reci|nce.  This  accident  so 
much  disturbed  the  train  of  IWal.  that  ever  after  ho 
imagined  there  was  un  uhvss  on  his  lell  hand.  He  aRcr> 
wards  wholly  nnouiu'ed  the  world,  and  retired  to  lh« 
abbey  of  Pori-Uo)al,  where  the  regular  life  wlwtb  he  led, 
procured  him  very  long  intervals  oi  htahh,  during  which 
he  wrote  the  celehrat^  Provincia]  JaiUrs,  one  of  the 
most  pi-rfict- works  in  the  French  language.  For  many 
years  Pascal  relirvfuisbcd  all  purely  huinun  sciences.  UuC 
having  been  tormented  by  a roost  severe  tooili-achc, which 
almost  w holly  deprived  him  of  rest,  he  sought  by  intcnso 
Hpplicalion  the  means  of  mitigating  his  pain;  und  the 
disco'veries  which  be  thin  maiic  un  the  cycluKlal  curve 
are,  even  at  the  picsi  nt  day,  reckoned  among  the  greatest 
eirorts  of  the  humnii  mind.  The  Jmt  idea  of  thul  remark- 
able curve  KTmed  lu  have  occurred  to  (ialileo,  and  k’> 
veral  othir  luathematiciuns  had  successively  develo^ied  its 
prttperiies.  Pascal,  liuviitg  aiuntivcly  considered  that 
curve,  Wished  lu  make  u tiiul  of  the  talents  of  his  cotcin« 
porary  gi-oriictiicuns.  With  this  view  he  propoac’d  to 
them  some  new  problems  on  tlic  cycloid,  promising  40 
pivtoks  to  the  first  person,  and  CU  to  liic  second,  who 
should  solve  these  prublams.  'J'lie  only  person  who  re-  ‘ 
turned  answeis  to  all  the  problems,  ami  claimed  the 
prues,  were  Dr.  Wallts  and  lather  lalouhi’rc  the  Jesuit. 
Huygens  S4|uared  the  M'gnu’nt  comprehended  bctwc>en  the 
vertex  of  the  cycloid  ami  that  of  llio  diamoter  of  the  gc* 
ncrating  circle.  Sluvius  nrvavured  the  arc  of  that  curve 
in  a very  elegant  manner;  and  Wren  found  its  n-ctitica* 
tiun.  Put  nil  these  researches  did  not  entirely  answer  tJie 
questions  in  the  programma  circulalccl  by  Pascal,  under 
the  iiume  ot  A.  Detonviilc.  He  alhmieJ  that  Wallis  unci 
Laloutx-re  were  mistaken  in  several  particulars,  and  there* 
fore  he  withheld  the  ptomiH’d  rewards.  He  himself  how- 
ever gave  perfect  s<duiit>iis  of  all  the  pruUeins  which  be 
faatl  pro|K>sv4f,  und  ut  several  others,  which  were  tuxessary 
to  cumpleir  (he  theory  of  the  cycloid.  Aflcr  languishing 
for  seviral  )ears  in  a very  imbrciio  stale  of  bodv  ami 
iommI,  M.  Pascal  died  at  Paris  the  19tb  of  August  l6o2,  at 
39  years  of  age.  . 

I'uwards  live  close  of  his  life,  he  employed  himself 
wholly  in  devout  and  moral  reflection^,  writing  down 
those  whicli  be  deemed  worthy  of  being  preserved.  The 
first  hit  of  .|ui|K*r  he  could  find  was  employed  lor  this 
pur|NK>c;  and  he  commonly  set  down  only  a few  words  of 
each  sentence,  as  he  wrote  them  merely  for  Ins  own  use. 
The  scraps  of  paper  on  which  he  had  wiUicn  these 
thoughts,  were  found  after  his  death  filetl  upon  diiicrent 
pieces  <»f  string,  Without  any  order  or  connection;  and 
being  copied  exactly  a*  they  were  written,  they  were  af- 
l(  rwotds  arranged  and  published,  under  tiie  title  of  Pen- 
scv».  Cvr,  or  Thoughts  upon  Religion  and  other  ^objects; 
bean*  parts  of  a work  he  had  iniended  against  atbeistsand 
infidib,  which  hasbeui  much  admired.  After  his  death 
appeared  also  two  other  liule  tracts;  the  one  entitled.  The 
Li^uilibnum  of  Fluids;  and  ike  oUier,  The  U eight  of  the 
Mass  of  Air.  The  works  of  Pascal  were  colkxted  in  g. 
vulumo,  Svu;  and  published  at  the  Hague,  and  at  Paris, 
in  1779*  'Ibis  edition  of  Pascals  works  may  ha  cooai- 
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Oeretl  ts  the  6rst  puMi«thed  ; al  least  the  ijrcatcr  part  of 
(hem  were  not  before  coilecitd  into  one  body,  and  some 
of  them  had  remuimd  only  in  manuscript.  For  this  col- 
lection, the  public  were  tiulcbud  to  the  ubbe  lk>s<)U,  and 
Pascal  was  deserving  of  such  an  editor. 

PATK,  in  Fortiticalion,  a kind  of  platform,  like  what  is 
called  a hor^Crdioe ; nut  alwaya  regular,  but  commonly 
oval,  i-ncumpassi*d  only  with  a parapet,  and  having  nothing 
to  flank  it.  It  is  usually  creeled  in  marshy  grounds,  to 
cover  a gale  of  a tow  n,  or  the  like, 

PATH  of  t^e  Vertex,  a term  fret^uently  used  by  Mr. 
Flamst<eed,  in  bis  Doctrine  of  the  Sphere,  denolitiga  cir- 
cle, described  by  any  point  of  the  earth's  surface,  as  the 
earth  turm  round  its  axis.  This  point  is  considered  as 
vertical  to  the  earth's  centre;  and  is  the  same  with  what 
is  called  the  vertex  or  aeniih  in  the  Ptolemaic  projection, 
llio  semidiameter  of  this  path  of  the  vertex,  is  aural's 
equal  to  the  copipicment  of  the  latitude  of  the  point  or 
place  that  dvseribes  it;  that  is,  to  tbc  place's  distance 
from  the  pole  of  the  world, 

PAVILION,  in  Architecture,  ts  a kind  of  turret,  or 
building  usually  insulated,  and  contained  under  a single 
ruol ; sometimes  square  and  sometimes  in  form  of  a 
dome:  thus  called  from  the  resemblance  of  its  roof  to  a 
tent. 

PAVO,  Peaeovk,  a new  constelhition,  in  the  southern 
hemisphere,  added  hy  the  modern  aslronomm.  It  con- 
tains 14  stars. 

PAUSE,  or  Rest,  in  Music,  a character  of  silence  and 
rest;  called  also  by  some  a mute  figure ; b«‘causc  it  shows 
that  some  part  or  person  is  to  be  silent,  while  (be  others 
continue  tbv  song. 

PECK,  h measure  or  vessel  ust*d  in  mruMiring  grain, 
pulse,  and  the  like  dry  suhstatTcvs.  It  contains  2 gallons, 
Iff  the  4th  part  of  a bushi-L 

PEDESTAL,  in  Architecture,  the  lowest  part  of  an 
order  of  columns ; *bcing  that  which  sustains  the  column, 
and  ser%-es  it  as  a fool  to  stand  upon.  It  is  a square  body 
or  die,  with  a cornice  and  base.  The  proportions  and 
ornaments  of  the  pedestal  arc  different  in  the  different 
orders.  Vignola  indeed,  and  most  of  the  moderns,  make 
the  pedestal,  and  its  oraamonls,  in  all  the  orders,  one 
third  of  the  height  of  the  column,  including  the  base  and 
capital.  But  some  deviate  from  this  rule. 

Perrault  makes  the  pro|>ortiom  of  the  three  constiturru 
parts  of  pedestals,  the  same  in  all  the  orders;  vis,  the 
base  one  fourth  of  the  pedestal ; the  cornice  an  eighth 
pan;  and  the  socio  or  plinth  of  the  base,  two  thirds  of 
the  ba^e  itself.  The  height  of  the  die  is  what  remains 
of  the  whole  height  of  the  pedestal. 

The  Tuscan  Pedestal  is  the  simplest  and  lowest  of 
all;  from  3 to  5 modules  high.  It  has  only  a plinth  for 
its  base,  and  an  astragal  crowned  for  iu  cornice. 

The  Doric  Pedestal  is  made  4 or  5 mo<lulf8  in  height, 
by  the  moderns;  for  no  ancient  column^,  of  this  order, 
are  found  with  any  pedestal,  or  even  with  any  base. 

The  ionic  Pedestal  is  from  5 to  7 modules  high. 

Tbc  CorinfAmn  Pedestal  is  the  richest  and  most  deli- 
cate of  all,  and  Is  from  4 to  7 modules  high. 

Tbc  Composite  Pedestal  is  offfor7  modules  in  height. 

Stfuttre  Pedestal  has  its  breadth  and  height  equal. 

Dombie  Pedestal,  is  that  which  supports  twoculumns, 
beiiif;  broader  than  it  is  high. 

C^ismed  Pedestal,  is  that  which  supports  a row  of 
coltumu  without  any  break  or  interruption. 


Pedestals  ef  StatueSf  arc  those  serving  to  support 
ligures  or  statues. 

PEDIMENT,  in  Architecture,  a kind  of  low  pinnacle; 
serving  to  crown  |K>riicos,  or  htiish  a frontispiece;  and 
placed  us  an  ornanu  nt  over  gates,  doors,  windows,  niches, 
altars,  dec;  being  usually  of  a iriaiigular  form,  but  some- 
times an  arch  of  a circle.  Its  height  is  various,  but  it  is 
thought  most  beautiful  when  the  height  is  one  hUh  of  the 
leneth  of  its  base. 

PEDOMETER,  or  Podometkr,  foot-measurer, or  way-- 
wi»or ; a mechanical  instrument,  in  form  of  a watch,  and 
consisting  of  various  wheels  and  teeth  ; which,  by  means 
of  a chain,  or  string,  fastened  to  a man's  foot,  or  to  the 
wheel  of  a chariot,  advance  a notch  each  step,  or  cacfi 
revolution  of  the  wheel : by  winch  it  numbers  the  paces 
or  revolutions,  and  so  the  dniancc  from  one  place  to  an- 
other. 

Pedometer  is  also  sometimes  used  for  the  common 
surveying  wheel,  on  instrument  chietly  used  in  measuring 
roads;  popularly  called  the  way-wiser-  See  Perambu- 
lator. 

PEG.A8US,  the  Horse,  a constellation  of  the  northern 
hemisphere,  hgured  m the  form  of  a Hying  hunc  ; being 
one  of  the  4H  nncient  constellations.  It  is  fabled,  hy  the 
Gret'ks,  to  ha\e  been  the  oflspring  of  an  amour  between 
Neptune  and  the  Gorgon  Medusa ; and  to  have  been  that 
on  whirh  Belleropbon  rode  when  be  overcame  the  Chime- 
ra; and  that  Hying  from  mount  Heliceu  to  heaven,  he 
there  became  a constellation;  having  thrown  his  rider  in 
the  Hight;  and  that  the  stroke  of  bis  hoof  on  the  mount 
opened  the  sacred  fountain  llippocrtne-^The  stars  in  this 
constellation,  in  Ptolemy's  caialc^ue,  are  20,  in  Tycho's 
19*  In  Hevelius's  38,  and  in  the  Britannic  catalogue  89* 

PELtCOlUES,  or  //arrAc/x/bnw,in  Geometry,  a Hgure 
in  forni  of  a hatchet.  As  the  Hgure 
ABCDA.  contained  under  the  semi- 
circle BCD  and  the  two  quadranlal 
arcs  AB  and  ad.  The  area  of  the 
pelccoides  is  equal  to  the  square  ac, 
and  this  again  is  equal  to  the  th’C- 
tangle  be.  It  is  equal  to  the  square, 
because  the  two  segments  ab  and 
AD,  which  it  wants  of  the  square  on  the  lower  parr,  are 
comi^KTisauxl  by  the  two  equal  segments  BC  and  CD,  by 
which  it  exceeds  on  the  upper  part.  And  the  square  is 
equal  to  the  rectangle  na,  because  the  irinnglc  abd, 
which  is  half  the  square,  is  also  half  the  rectangle  re  of 
the  same  base  and  height  with  it. 

PELL  (Dr.  Joiiv),  an  eminent  English  mathematician, 
di*scended  from  an  ancient  family  in  IJhcolnsbire,  was 
born  atirouthwick  in  .Sussex,  March  I,  ibiO,  where  his 
father  was  minister.  He  received  his  grammar  education 
at  the  fri*c-school  at  Srenning  in  that  county.  At  the  age 
of  13  he  w as  « nt  to  Trinity-college  in  Cambridge,  though 
at  that  time  as  good  a scholar  as  most  musters  of  arts  lu 
that  uni>crsiiy;  but  though  he  was  eminently  skilled  10 
the  Greek  and  Hebrew  languages,  he  never  ofiered  him- 
self a candidate  at  the  election  of  scholars  or  fellows  of 
bis  college. 

In  1629  he  drew  up  the  “ Description  and  Use  of  the 
Quadrant,  written  fur  the  Use  of  a Friend,**  in  two  books; 
(he  original  manuscript  of  which  is  still  extant  amongbis 
papers  in  the  Royal  i^ieiy.  And  the  same  yoar  he  held 
a correspondcDce  with  Mr.  Briggs  on  the  subject  of  loga- 
ritbrRs. 
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In  1(^30  he  wrote*  Modus  svpputAndi  Ephemerides 
A«tror>oinicus, &c,  ud«n.  l639accoromodatus;'*  and,  “ A 
Key  to  unlock  the  meaning  of  Johannes  Trithciniut,  in 
his  Discourse  of  Steganr^raphy,"  which  Key  he  imparli-d 
to  Mr.  bamuel  Ij^artlib  and  Mr.  Jacob  Homed«e.  The 
same  year  he  took  ilie  degree  of  master  of  arts  at 
Cambridge*  And  the  year  tpllowing  be  was  incorporated 
in  the  univcrsiiy  of  Oxford.  June  liie  7tlit  he  wrote 
**  \ {.ettor  to  Mr.  Edmund  Wingate, on  Logarithms/' and 
**  Oct.  5,  1b‘31,  '*  Commeniationcs  in  Cosinographiam 
Alstedii."  ■ 

Marth  6,  l63-f,  he  iinished  his  Astronomical  History 
of  Observations  of  Heavenly  Motions  and  Appearances;" 
and  .\pril  the  lOih,  his  “ Kclipiica  Prognostica,  or  Fore- 
kiiowcr  of  the  Eclipses,  Ac." — In  16J4  he  translated 
“The  F.vurlasting Tables  of  Meaeenly  Motions,” grounded 
on  the  Observations  of  ail  Timi'S.aud  agreeing  with  them 
all,  by  Philip  Lansberg,  of  Ghent  in  Flandera.  And  Juno 
the  I2ih,  the  same  year,  ho  commitied  to  writing,  “ The 
Manner  of  deducing  his  Astronoinicai  Tables  out  of  the 
Tables  nud  Axioms  of  Philip  Lansberg.*' — March  the  f)lh, 
l63.i,  he  wrote  •*  A Letter  of  Remarks  on  Cellibrand's 
Mathematical  Discourse  on  the  V'ariation  of  the  Magnetic 
Needle.”  And  the  3d  of  June  following,  another  on  the 
fame  subject. 

His  eminence  in  mathematical  knowledge  was  rt^w  so 
gre.it,  that  be  was  thought  worthy  of  a professors  chair 
in  that  science;  and,  on  the  vacancy  of  one  at  Amstcr- 
dam  in  Sir  William  Boswell,  tbe  English  resident 

with  the  StateS'Gcneral,  used  his  interest,  that  he  might 
succeed  in  that  professorship:  it  was  not  tilletl  however 
till  1640,  when  Pell  was  chosen  to  it;  and  be  read  with 
great  applause  public  lectures  on  Di<^hantus.**In  1644 
he  printc'd  at  Amsterdam,  in  two  pages  4to,  “ A Refu* 
ration  of  Longoniontanus’s  Discourse^  De  V'era  Circuit 
Mensura." 

In  1646, 04  tbe  invitation  of  the  Prince  of  Orange,  he  re- 
moved to  the  new  college  at  Breda,  as  professor  of  mathe- 
matics, with  a salary  of  1000  guilders  a year.~His  " idea 
Matheseos,**  which  he  bad  addressed  to  Mr.  Harllib,  who 
in  1639  hud  sent  it  to  Descartes  and  Mersenne,  was  printed 
1650  at  London,  in  12mo,  in  English,  with  the  title  of 
■ **  An  idea  of  Mathematics,"  at  the  end  of  Mr.  John  Uuric's 
Reformed  Library-keeper.  It  is  also  printed  by  Mr. 
Hooke,  in  his  Philosophical  Collections,  No.  5,  pa.  127; 
and  is  esteomofi  our  author's  principal  work. 

In  1632  Pell  returned  to  England  : and  in  16^4  be 
was  sent  by  the  protector  Cromwell  agent  to  the  proles- 
tant  cantons  m Switzerland;  where  he  continued  till 
June  23,  l653,  when  he  set  out  for  England,  where  be 
arrived  about  the  time  of  Cromwells  death.  His  negoci- 
ations  abrtrad  gave  afterwards  a general  satisfaction,  as  it 
appeared  be  bad  dune  no  small  service  to  the  interest  of 
king  Charles  the  2d,  and  of  the  cimreh. of  England;  so 
that  he  was  encouraged  to  enter  into  holy  orders  ; and  in 
the  year  166I  he  was  instituted  to  the  rectory  of  Fobbing 
in  E^sex,  given  him  by  the  king.  In  December  that  year 
he  brou;,:bt  into  the  upper  house  of  convocation  tbe  .ca- 
lendar reformed  by  him,  assisted  by  Sancroft,  afterwards 
• archbishop  of  Canterbury.— In  l673  be  was  presented  by 
Sheldon,  bishop  of  Londop,  to  the  rectory  of  Laingdon 
in  Essex;  ami.  on  the  promotion  of  that  bishop  to  the 
sec  of  Canterbury  soon  after,  became  one  of  his  domestic 
chaplains.  He  was  then  doctor  of  divinity*  and  expected 
to  1^  made  a dean;  but  he  attended  so  much  to  his  im- 
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provement  in  the  philosophical  and  mathematical  sciences 
that  he  lost  sight  of  his  private  advantage.  The  truth  is, 
he  was  a helpless  man,  as  to  worldly  affairs,  and  his 
tenants  and  relations  imposed  on  him,  cozened  him  of  the  • 
protiu  of  his  parsonage,  and  kept  him  so  indigent,  that  he 
wanted  necessaries,  even  ink  and  paper,  to  fais  dying  day. 

He  was  for  some  time  coiiffncd  to  the  Kiiig*s-bencb  prison 
for  debt;  but,  in  March  16*82,  was  invited  by  Dr.  Whitler 
to  live  in  the  college  of  physicians.  Here  he  continued  * 
till  Judo  following;  when  he  was  obliged,  by  his  ill  state  * 
of  health,  to  remove  to  jhe  house  of  a grandchild  of  hit 
in  St.  Margaret’s  Church-yard,  Wcslminstet.  But  he 
died  at  the  house  of  Mr.  Cotborne,  reader  of  the  church 
of  St.  Giles’s  in  the  Fields,  December  the  12th,  l685,  in 
the  74th  year  of  his  age,  and  was  interred  at  the  expense 
of  Dr.  Busby,  master  of  >Ve»tmin-ster-«choo),  and  .Mr. 
Sharp,  rector  of  St.  Giles’s,  in  the  rector’s  vault  under 
that  church.— >Dr.  Pell  published  some  other  things  not. 
yet  mentioned,  a list  of  which  is  as  follows:  viz, 

1.  An  Exercitation  concerning  Easter;  .1644,  in  4to. 

2.  A ’Fable  of  10,000  s<^uaro  numbers*  ^c;  10*72, 

folio.  ‘ 

3.  An  Inaugural  Oration  at  his  entering  on  tbe  Profes- 
sorship at  Breda. 

4-  He  made  great  alterations  and  additions  to  Rhonius’s 
Algebra,  printed  at  London  166S,  4to,  under  the  title  of* 

An  Introduction  to  Algebra;  translated  out  of  tbe  High 
Dutch  into  English  by  ’Thomas  Brankcr,  much  altered 
and  augmented  by  D.  P.  (Dr.  Pell.)  Also  a Table  of 
Odd  Numbers,  less  than  100,000,  showing  those  that  ate 
incumpositc,  dec,  sopputated  by  the  same  Thomas  Branker. 

Sec  this  table  under  tbe  article  Prime  Stunbers, 

5.  His  Controversy  with  Longomontanus  concerning 
the  Quadrature  of  the  Circle ; Amsterdam,  I646,  4to. 

He  also  wrote  a Demonstration  of  tbe  2d  and,  10th 
books  of  Euclid  ; which  piece  was  in  ms.  in  the  library  of  ^ 
lord  Brerclon  in  Cheshire;  as  also  Archimedes’s  Arenarius, 
and  the  greatest  part  of  Diophantus’s  6 books  of  Arith- 
metic; of  which  author  ho  was  preparing  a sew  edition* 
in  which  he  intended  to  have  corrected  tho  translation, 
and  made  new  illustrations.  He  designed  also  to  publish 
an  edition  of  Apollonius,  but  laid  it  aaide,  in  May  l645, 
at  the  desire  of  Golius,  who  was  engaged  in  an  edition  of 
that  author  from  an  Arabic  manuscript,  given  him  at 
Aleppo  1 8 years  before..  Letters  of  Dr.  Pell  to  Sir  Charles 
Cavendish,  in  tbe  Royal  Society. 

Some  of  his  manuscripts  he  left  at  Brereton  in  Cheshire, 
where  he  resided  some  yt-ars,  being  the  seat  of  William 
lord  Brereton,  who  had  been  bis  pupil  at  Breda.  A great 
many  others  came  into  tbe  hands  of  Dr.  Busby;  which 
Mr.Honke  was  desired  to  use  his  endeavours  to  ubiain 
for  the  Royal  Society.  But  they  continued  buried 
under  dmt,  and  mixed  with  the  papers  and  pamphlets  of 
Dr.  Busby,  in  4 large  boxes,  till  1753;  when  Dr.  Bitch, 
secretary  to  the  Royal  Society,  procurrtl  them  for  that 
body,  from  the  trustees,  of  Dr.  Busby.  The  coliection 
contains  not  only  Pell’s  mathematical  papers,  letters  to 
him,  and  copies  of  ihosa  from  him,  Ac,  but  also  several 
manuscripts  of  Walter  Warner,  the  mathematician  and 
philosopher,  who  lived  in  the  reigns  of  James  the  First 
ami  Charles  the  First. 

Dr.  Pell  invented  the  method  of  ranging  ihu  scvciul 
steps  of  an  algebraical  calculus,  in  u proper  order,  in 
so  many  distinct  lines,  with  tbe  number  affixed  to  each 
step,  and  a short  description  of  the  operation  or  process 
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in  tbc  line.  He  also  invented  the  chnracter  4*  for  divi* 
ftiun,  ••  for  involuiiou,  and  tu  for  evolution. 

He  was  aUp  the  drat  who  discovered  the  method  of 
solving  the  equation  a.r*  — — 1,  being  the  same  as  that 

given  by  Euler  in  the  second  volume  of  his  algebra.  This 
problem  was  proposed  by  Fermat  as  a challenge  to  all  the 
English  maihcinaticians,  though  it  is  probable  (as  he 
never  gave  a solution  to  it  himself)  tbal  be  was  unac- 
quainted with  the  true  mode  of  operation  at  the  time  be 
proposed  it. 

PEMBERTON  (Ht^Kav),  m.  d.  U r.  r.  s.  born  at 
London^  in  169^^  was  a learned  physician  and  mathema- 
tician; os  well  as  an  expert  mechanist,  readily  perform- 
ing with  his  own  hand  several  mechanical  operations. 
After  studying  grammar  at  a school,  and  the  higher  clas- 
sics under  Mr.  JohnWard,  afterwards  professor  of  rhetoric 
at  Gresbam-college,  he  went  to  Leyd<‘n,  to  attend  the 
lectures  of  the  celebrated  Uoerfaaavc,  to  qualify  himself 
for  the  profession  of  medicine.  Here  aUo,  as  well  us  in 
Englfnd,  heconstantly  mixed,  with  his  professional  studies, 
those  of  tho  best  mathematical  authors,  whom  be  contem- 
plated with  great  effect.  From  hence  he  went  to  Paris,  to 
perfect  bimscif  in  the  practice  of  anatomy,  to  which  he 
readily  attained,  bcingnatunilly  dextrous  inall  manual  ope- 
rations. Having  obtained  bis  main  object,  be  returned  to 
London,  cnricht^  also  with  other  branches  of  scientific 
knowledge,  and  a choice  culleclion  of  mathematical  books, 
both  ancient  and  modern,  from  the  sale  of  the  valuable 
library  of  the  abb^  Gallois,  which  took  place  during  his 
slay  in  Paris.  After  his  return  he  assiduously  attended. 
St.  Thomas’s  Hospital,  to  acquire  the  lu)ndon  practice  of 
physic,  though  ho  seldom  afterwards  practised,  owing  to 
kis  delicate  state  of  health.  In  1^19  returned  10  Ley- 
den, to  take  his  degree  of  m,  d.  where  he  was  kindly  en- 
tertained by  his  friend  Dr.  Buerhoave.  After  his  return 
''to  London,  be  became  more  intimately  acquainted  with 
Dr.  Mead,  Sir  I.  Newton,  and  other  eminctil  with 
whom  he  afterwards  cultivated  the  most  friendly  con- 
nexions. Ucncc  he  was  useful  in  assisting  Sir  f.  Newton 
in  preparing  a new  edition  of  his  Principia,  in  writing  an 
account  of  his  philosophical  discoveries,  in  bringing  for- 
ward Mr.  Robins,  and  writing  some  pieces  printed  in  the 
2d  volume  of  that  gentleman’s  collection  of  tracts,  in  Dr. 
McadsTreaiisojon  thePlague,and  in  his  edition  of  Cowper 
on  the  Muscles,  Ac.  Being  chosen  professor  of  physic  in 
Greshaip-college,  be  undertook  to  give  a course  of  lec- 
tures on  chemistry,  which  was  improved  every  time  he 
exhibited  it,  ami  was  published  in  177L  by  his  friend 
Dr.  James  Wiison.  In  this  .situation  too,  at  the  requ(>st 
of  the  cutlege  of  physiciaus,  he  revised  ami  reformed  tbeir 
Pharmacopceia,  in  a new  and  mnch  improved  edition. 
After  a long  and  laborious  life  spent  in  improving  science, 
and  assjating  its  cultivators,  Dr.  Pemberton  died  in  1771, 
at  77  years  of  age. 

Besides  the  doctor's  writings  above-meniioncil,  be 
wrote  numerous  other  pieces;  as,  I,  Epistola  ad  Amicum 
dcCoicsii  inventis;  demonstrating  Cotes’s  celefarateti  the- 
orem, uml  sliuwttig  how  his  theorems  by  ratios  and  loga- 
rithms may  be  dune  by  the  circle  and  hyperbola. — '2.  Ob- 
servaiions  on  Poetry,  especinlly  the  Epic,  occasioned  by 
Glover’s  Leonidas. — 3.  A Plan  of  a Free  State,  wit^  a 
King  at  the  Head;  not  pubihhed. — 4.  Account  of  the 
Ancient  Ode;  printed  in  the  preface  to  West's  Pindar.—* 
B.  Oil  the  Dhputc  ubnut  Fluxions,  in  the  2d  vol.  of 
Robins’s  works.— 6'.  On  the  Alteration  of  the  Style  and 


Calendar.— 7.  Or^roducing  the  Weights  and  Mtasures  to 
one  Standard.— 8.  A Disseriution  on  Kclipst's.— 9.  On 
the  Ixjci  Plani,  Ac.  His  numerous  communications  to 
the  Royal  Society,  on  a variety  of  interesting  subjects, 
extend  from  the  32d  to  the  62d  vol.  of  the  Philos.  Traiis. 

After  his  diratb  many  valuable  pieces  were  found  among 
his  papeis,  vi*.  A short  History  of  '1  rigonomelfy,  from 
Mcnelaus  to  Napier.  A coiuinent  on  an  English  'I'nins- 
Ution  of  Newton’s  Principia.  Demonslmtiuns  of  the 
Spherics  and  spherical  Projections,  enough  to  compose  a 
treatise  on  those  subjects.  A Dissertation  on  Archiiiicdes’s 
Screw.  Improvements  in  Gauging.  In  a given  hitiiude, 
to  find  the  point  of  the  ecliptic  that  ascends  the  slowest. 
To  find  when  the  oblique  ascension  ditfers  most  from  the 
arch  to  which  it  belongs.  On  the  principles  of  .Mercator’s 
and  middle-latitude  sailing.  To  find  the  licliacal  rising 
of  a star.  To  compute  the  moon's  paralUx.  To  deter- 
mine the  course  ol  a comet  in  a parabolic  orbit.  And 
others,  all  nfcatly  performed.  On  the  whole.  Dr.  Pem- 
biTion  appears  to  have  been  a clear  and  inciui'triuua 
author,  but  his  writings  arc  too  ililfuM’  and  laboured. 

PENCIL  q/*  /?  <ysin  Optics,  is  a double  cone,  or  pyra- 
mid of  rays,  joined  tt^ethcr 
at  the  basL;as  Bosc;  the  one 
cone  having  its  vertex  in 
some  point,  of  tb«  object  at 
B,  and  the  crystalline  hu- 
mour, or  the  gloss  CLS  for 

its  base;  and  the  other  having  its  base  on  the  same  glass, 
or  crystalline,  but  its  vertex  in  the  point  of  convergence, 
as  at  c. 

PENDULUM,  in  Mechanics,  any  licavy  body,  so 
suspended  as  that  it  may  swing  backwards  and  forwards, 
about  some  fixed  point,  by  tbe  force  of  gravity.  Those 
alternate  ascents  and  descents  of  the  pendutum,  arc  called 
its  oscillations,  or*vibrations;  each  complete  oscillation 
being  the  descent  from  the  highest  point  on  ope  side,  down 
to  the  lowest  point  of  the  arch,  and  so  on  up  to  the  highest 
point  on  the  other  side.  The  point  round  which  the  pen- 
dulum moves,  or  vibrates,  is  called  its  centre  of  motion, 
or  point  of  suspension ; and  a right  line  drawn  through  the 
centre  of  motion,  parulkl  to  the  horuon,  and  perp<ndicu- 
lar  to  the  plane  in  which  the  pendulum  inovrs,  is  called  (he  , 
axis  of  oscillation.  There  is  also  a certain  |>i>iiit  within 
every  pendulum,  into  which,  if  all  the  matter  that  com- 
poses tbe  pendulum  were  collected,  or  omdensed  as  into 
a point,  the  times  in  which  (be  vibrations  would  be  per- 
formed, would  not  be  altered  by  such  condensation ; and 
this  point  is  called  centre  of  uvcillatiim.  The  length  of 
the  pendulum  is  always  estimated  by  the  distance  of  this 
point  below  the  centre  of  mutloii ; being  usually  near  (he 
bottom  of  the  |>endulum  ; but  in  a cylinder,  or  any  other 
uniform  prism  or  rod,  it  is  >it  the  distance  of  one  third 
from  the  bottom,  ortwo-thiriU  from  and  below  the  centre 
of  motion. 

The  length  of  a periciulum,  so  imusured  to  itsCintce  of 
oscillation,  that  it  will  perform  each  vibration  in  a second 
of  time,  ihcncc  called  the  seconds  pendulum,  has,  in  the 
latitude  of  London,  been  gciu-rHily  taken  at  39)V 
inches;  but  by  some  very  ingenious  and  accurate  experi- 
ments, the  late  celebrated  Mr.  George  Graham  found 
the  true  length  to  be  39t^Vo*  iitches,  or  39i  inches  very 
nearly. 

The  length  qf  the  pendulum  vibrating  seconds  at  ParU, 
was  found  by  Vario,  Deshnys,  Deglos,  and  Godin,  to  be 
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440^  lines;  b;  Picard  440j  lines;  and  by  Mairdn  440^^ 
lines.  * 

(ialileo  was  the  first  who  made  use  of  a heavy  body  an- 
nexed. to  a thread,  and  suspended  by  it,  fur  ine.'iAunn;' 
time,  in  his  experiments  and  observations.  But  according 
toSturmius,  it  wasRiccioii  who  first  observed  the  isochro- 
nism  of  pendulums,  and  made  use  of  them  in  mensunnj; 
time.  Aflcj-  him,  Tycho,  Langrene,  Wendeline,  Mcr*?ennc, 
Kirchcr,  and  others,  observed  the  same  thing;  though,  it 
is  laid,  without  any  intimation  of  what  had  been  done  by 
Ricciiili.  But  it  was  the  celebrated  Huygens  who  first 
luonstrated  the  principles  and  propieltics  of  pendulums, 
and  probably  the  first  who*applicd  them  lo  clocks.  He 
demonstrated,  that  if  the  ct>ncre  of  motion  were  perfectly 
fixed  and  immoveable,  and  all  manner  of  friction,  and  re- 
sisunce  of  the  air,  «S(C,  removed,  that  a pendulum,  once 
set  )n  motion,  would  for  ever  continue  to  vibrate  without 
any  decrease  of  motion,  nnd  that  all  its  vibrations  would 
be  perlectly  isochronal,  or  performed  in  the  same  liroo, 
the  arc  of  vtbmlion  remaining  constant.  Hence  the  pen- 
dulum has  univcrviTly  been  considered  as  the  best  chrono- 
meter or  measurer  of  time.  And  as  all  pendulums  of  the 
same  Ichgih  pertorm  their  vibrations  in  the  same  time,  the 
arc  of  vibration  being  the  same,  without  regard  to  their 
dillbrenc  weights,  it  bus  been  abgitested,  by  means  of  them, 
ro  establish  an  universal  standard  for  all  countries.  On 
this  principle  .Moulon,  canon  ofLyons,  has  a treatise,  De 
Mciisura  posteris  truusmittondu;  and  several  otliers  since, 
as  Whitehurst,  ^c.  See  Vnitn$al  McASoar. 

Pendulums  are  either  simple  or  compound,  and  each  of 
these  may  considered  cither  in  theory,  or  as  in  practical 
mechanics  among  artiians. 

A Simple  PrNDVLUM,  in  Theory, 
consists  of  a single  weight,  as  a,  con- 
Mderx'd  as  a p<jint,  and  an  inflexible 
right  line  ac,  supposed  void  of  gravity 
or  weight,  and  suspended  from  a fixed 
|HMut  or  centre  c,  about  which  it 
moves. 

A Compound  PEUDVLUM.inTbeory, 
is  a pendulum  consisting  of  several 
weights  moveable  about  one  common  centre  of  motion,  but 
connected  together  so  us  to  retain  the  same  distance  both 
from  one  another,  and  from  the  centre  about  which  they 
^vibrate. 

The  Doctrine  and  Laus  of  Vendulum$.^\.  A pendulum 
raised  to  r,  through  the  arc  of  the  circle  .sR,  will  fall, 
and  rise  again,  through  an  equal  arc,  to  a point  equaliv 
high,  os  1) ; and  thence  will  full  to  a,  and  again  rise  to  d ; 
and  thus  continue  rising  and  falling  {>erpctual)y,  supposing 
neither  friction *hor  resistance.  For  it  is  the  same  thing, 
whether  the  body  fall  down  the  inside  of  the  curve  ba  d, 
by  the  force  of  gravity,  or  be  retained  in  it  by  the  action 
of  the  string;  as  they  will  both  have  the  same  cfTect ; and 
it  is  otherwise  known,  from  the  oblique  descents  of  hodics, 
that  the  body  will  descend  ami  ascend  along  the  curve  in 
the  manner  above' described. 

Experience  also  confirms  this  theory,  in  any  finite  num- 
ber of  oscillations.  But  if  they  be  supposed  infinitely 
cominiied,  a dHK.'rcoce  will  arise.  For  the  resistance  of 
the  air,  und  the  friction  and  rigidityof  the  string  about  the 
rentn-  v,  will  take  off  part  of  the  force  acquired  in  fulling ; 
hence  it  liappens  that  it  docs  not  rise  precisely  lo  the  same 
point  from  whence  it  fell.  Thus,  the  ascent  continually 
diminishing  (be  usctDation,  this  will  be  at  last  stopped,  and 


th«  pc^uluB  will  bang  at  rest  in  its  natural  direction, 
which  is  perpendicular  lo  the  horizon. 

Now  as  to  the  real  tinie  of  oscillation  in  a circular  arc 
bad:  it  IS  demonstrated  by  mutbematicians,  that  if 
p = 3*14lfi,  denote  the  circumfcrcnoe  of  a circle  whose 
diameter  is  I ; g = 16*, f.  . t or  193  iacbci,  the  space  a 
heavy  body  tails  in  the  first  second  of  Ime,  iu  our  lati- 
tude ; and  r s c.\  the  length  of  the  pendulum;  also 
n sr  AS  the  height  of  the  arch  of  vibration  ; (hen  the  tifiie 
of  each  osciDaiion  in  the  arc  b.uj  will  be  equal  to 

* into  the  series  1 ■*  -■  -*•  * 

H »•«/  a'.i'Vd* 

where  d = 2r  is  the  diameter  of  the  arc  described,  or 
twice  the  length  of  the  pendulum. 

And  here,  when  the  arc  is  a small  one,  a^n  iLe  case  nf 
the  vibrating  pendulum  of  a clock,  all  thr  terms  of  tint 
series  after  the  2d  may  be  omitted,  on  8CC(«unt  of  their 
smallness ; aod  then  the  time  of  a whole  vibration  will  be 


nearly  et|ual  to  » (I  "“)• 

So  that  the  tindcs  ^ vibration  of  a pcndulmn  in  different 
smull  arcs  of  the  same  circle,  arc  u fir  -e  o,  or  8 times 
the  radius,  added  to  tlic  versed  sine  of  the  semiarc.. 

And  lariher,  if  d denote  the  number  of  degm's  in  the 
scmiarc  ab,  whose  versed  aine  U«,  ihen  the  quantity  Iasi 
mentioned,  for  the  time  of  a whole  vibration,  is  changed  to 

K (I  And  tbcri  fore  (he  times  of  vibra- 
tion in  different  small  arcs,  are  as  32524  or  os  the 

number  52524  added  to  the  square  of  the  number  of  de- 
grees in  iboBcmiarc  ab.  Sec  my  Tracts,  vul.  3,  prob.  16, 
pa.  338. 

2.  Let  CR  be  a scmicycloid,  having  its  base  cc  parallel 
tothe  horizon,  and 
its  vertex  b down- 
wards; and  let  cu 
be  tha  other  half 
of  the  cycloid,  in 
a similar  position 
to  the  former. 

Now  suppose  a 
pendulum  string, 
of  (he  same  length 
with  (he  curve  of 
each  .M>micyclu)d  bc.  or  CD,  having  its  end  fixed  in  c,  and 
tb«  thread  applied  all  the  way  close  lo  (he  cycloidal  curve 
BC,  and  consequently  (he  bo<ly  or  pendulum  weight  coin- 
ciding with  the  point  B.  If  now  ih^  body  be  letgu  from 
B,  it  will  descend  by  its  own  gravity,  and  in  desernding  it 
will  unwind  the  string  from  ofi^the  arch  nc,  as  at  tl]c  |h>- 
lirion  con;  and  the  ball  ii  will  describe  a i«'micycloid 
BH  A,  <*qual  and  similar  to  boc,  wlu-ii  it  has  arrived  at  ihr 
lowest  point  a ; after  which,  it  will  continue  its  motion^ 
and  ascend,  by  another  equal  and  similar  semicycloid 
AKD,  to  the  same  height  n,  as  it  fell  from  at  b,  the  string 
now  wrapping  itself  upon  (he  other  arch  c)D.  FiOiiD  u 
will  dovcend  again,  and  pass  oiong  the  whola  cycloid- dab, 
to  the  point  a ; and  thus  perform  coniinuai  stfcceMlve 
oscillutioiu  b<‘(ween  u and  o,  id  the  curve  of  a cycloid  ; 
as  it  before  oscillated  in  the  curve  of  a circle,  in  the  for- 
mer case.  « 

'Dlls  contrivance,  (umake  (he  peudulutn  MCilUtc  in  the 
curve  of  a cycloid,  is  the  invention  of  the  celebrated 
Huygens,  to  make  the  ptDdulum  perform  all  its  vibrations 
in  equal  timak,  whether  the  arch,  or  extent  of  the  vibra- 
Y 2 
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tion  be  great  or  irnall ; which  is  not  the  case  in  a circle,  who  has  given  an  admirable  iheory  on  the  subject,  in  his 


where  the  larger  arcs  take  a longer  time  to  run  through 
them,  than  the  smaller  ones  do,  as  is  well  known  both  from 
theory  and  practice. 

It  should  be  observed  boweVer,  that  in  speaking  of  the 
pqual  limes  of  vibrations  in  cycloidal  arCb,  the  string  by 
which  thu  body  is  suspended  is  considered  void  of  gravity 
and  resistance,  and  as  tliis  is  not  absolutely  true,  it  follows 
that  theory  and  practice  will  be  a little  at  variance  on  this 
head. 

The  chief  properties  of  the  cycloidal  pendulum  then, 
as  demonstrated  by  Huygens,  an*  the  following.  1st, 
Hint  the  time  of  an  oscillatiun  in  all  arcs,  whether  larger 
or  smaller,  ii  always  the  same  quantity,  via,  whether  the 
body  begin  A descend  from  ihc  point  B,  and  deKribe  the 
KiAiarc  BA  i or  that  it  begins  at  ii,  and  describes  the  arc 
II A ; or  that  it  sets  out  from  any  other  point ; as  it  will  still 
descend  to  the  lowest  point  a in  exactly  the  same  time. 
And  it  is  farther  proved,  that  the  time  of  a whole  vibration 
through  any  double  arc  bad,  or  it  ak,  &c,  is  in  proportion 
to  the  time  in  which  a heavy  body  will  fall  freely,  by  the 
force  of  gravity,  through  a space  equal  to  |ac,  half  the 
length  of  the  pendulum,  os  the  circumference  of  a circle 
is  to  its  diameter*  So  that,  feet  denote  the 

space  a heavy  body  falls  in  the  first  second  of  time, 
p ss  9*1416  the  circumference  of  a circlewhosc  diahictrr 
is  1,  and  r rs  AC  the  length  of  the  pendulum;  then,  be- 
cause, by  the  nature  of  descents  by  gravity, 

: ; 1*  : that  is  time  in  which  a botly  will  fall 


Principia,  wh(*Te  he  has  extended  to  epicycloids  the  pro- 
perties dcmonsliated  by  Huygens  of  the  cycloids, 

4.  As  the  cycloid  may  be  considered  as  ^coinciding,  in 
A,  with  any  small  arc  of  a circle  described  from  the  centre 
c,  passing  through  a,  wiiere  it  iv  known  the  two  curves 
have  the  '•ame  radius  aud  curvature ; ibcrcforo  the  time 
in  thi’  small  arc  of  such  a circle,  will  be  nearly  equal  to 
the  time  in  the  cycloid  ; so  that  the  times  ifi  very  mumU 
circular  arcs  are  i*<^uul,  because  lbe*^c  smalt  arcs  may  U' 
considered  as  puriiotu  of  the  cycloid,  as  well  as  ot  tlie 
circle.  And  thk  is  one  great  reason  why  the  pendulums 
of  clucks  are  made  to  oscillate  iu  as  small  arcs  as  possible, 
vis,  that  their  oscillations  may  be  the  iKrarer  to  a constant 
equality. 

Thi>  may  also  be  deduced  from  a comparison  of  the 
limes  of  vibration  in  the  circle,  and  in  the  cycloid,  as  laid 
down  in  the  loregoing  articles,  it  has  thvte  boon  shown, 
that  the  tinitw  of  vibration  iu  the  circle  and  cycloid  are 
thus,  vis,  , , 

time  in  the  circle  nearly  * (>  '♦'S;)* 

time  in  the  cycloidal  nrep^^i 
where  it  is  evident,  that  the  former  always  exceeds,  the 
latter  in  the  ratio  of  1 *s*  ~ to  1 ; but  this  ratio  always 
approaches  nearer  to  an  equality,  as  the  arc,  or  as  its 
versed  sine  a,  is  smaller;  till  at  length,  when  it  is  very 

small,  the  term  — may  be  omitted,  and  then  the  limes  of 


through  ir.  or  half ihc  Icnglh  of  ihe  pendulum  j therefore, 

by  Ihc  .boYC  proportion,  a.  i : p : -.y  ^ »hich  cnmparisnn.  it  .ppe.n,  ihll 


is  the  lime  of  an  entire  otcillalion  in  the  cycloid 

And  this  conclusion  is  confirmed  by  experience.  For 
example,  if  it  were  required  to  find  the  length  of  the  pen- 
dttlitra  that  will  so  oscillate  in  one  second  ; this  will 

give  the  equation  p^-^  » 1;  which  reduced,  gives 


r = = - ■ ■ inches  s=  or  39«  inches,  for  the 

p’  31416'  *'  ir*  , . 

length  of  the  seconds  pendulum;  which  the  best  experi- 
ments show  to  be  about  39^  inches. 

3.  jlcnce  also,  wc  have  a method  of  determining,  from 
the  experimented  length  of  a pendulum,  the  space  a heavy 
body  will  fall  perpendicularly  through  in  a given  time  ; 

for,  since  = 1,  therefore,  by  reduction,  jpV 


the 

lime  lost  in  each  second,  or  in  each  vibration  of  the  se- 
conds pendulums,  vibrating  in  a circle,  instead  of  a 

cycloid,  is  or  ; and  cniueqiirntly  the  lime  lost  in 
a whole  day  of  24  hours,  is  nearly*  In  like  manner, 
the  seconds  lost  per  day  by  vibrating  in  the  arc  of  d de- 
grees, is  jd\  'Ihcrefure  if  the  pendulum  keep  true  time 
in  one  of  these  arcs,  the  seconds  lost  or  gained  per  day, 
by  vibrating  in  the  other,  will  be  j(d*  — d‘).  So,  for 
example,  if  a pendulum  measure  true  lime  in  an  arc  of 
3 di^rm,  on  each  side  of  the  lowest  point,  it  will  lose 
11}  seconds  a day  by  vibrating  4 degrees ; and  3Ci|  seconds 
a day  by  vibrating  5 degrees ; and  so  on. 

5.  The  action  of  gravity  is  less  iu  those  parts  of  the 
earth  where  the  oscillations  of  the  same  pendulum  arc 


is  the  space  a b^^''will  fall  through  in  the  first  second  of  slower,  and  greater  where  these  me  swifter;  for  the  lime  of 


lime,  when  r denotes  the  length  of  the  secomU  pendulum  ; 
and  ks  constant  experience  shows  that  this  length  is  nearly 
39r  inches,  in  the  latitude  of  London,  in  this  case  g or 
IpV  becomes  } * 3 14lfi*  x 39}  = 103‘O7  inches 
* = ifixT  ''*0'  ”^riy,  for  the  space  a body  will  fall  in 
the  fint  second  of  lime,  in  the  latitude  of  London:  a fact 
which  has  been  abundantly  confirmed  by  experiments 
made  there.  And  in  the  saraemanner,  Mr.  Huygens  found 
the  same  space  fallen  through  at  Paris,  to  be  15  French 
feet. 

The  whole  doctrine  of  pendulums,  oscillating  between 
two  scmicycloids,  both  in  theory  and  practice,  was  dcli- 


oscillation  is  reciprocally  proportional  to  y/g.  And  it 
being  found  by  experiment,  that  the  oKillations  of  the 
same  pendulum  are  slower  near  the  equator,  than  in  places 
farther  from  it ; it  Ibllows  that  the  force  of  gravity  is  Im 
there  ; and  consequently  the  parts  about  the  equator  are 
higher  or  farther  from  the  centre,  than  the  other  parts  ; 
and  the  shape  of  the  earth  is  not  a true  sphere,  but  some- , 
what  like  an  oblate  spheroid,  flatted  at  the  pule>,  and 
raised  gradually  towards  the  equator.  And  hence  also  the 
times  of  the  vibration  of  the  same  pendulum,  in  ditferent 
latitudes,  afford  a method  of  delcmiining  the  true  figure 
of  the  earth,  and  the  proportion  beiwet*n  its  axis  and  the 


vered  by  thulauthor,  in  bis  Horologium  OsciIlatorium,sivc  equatorial  diameter. 

Dcmonstraliones  He  Motu  Pcodulurum.  And  every  thing  Thus,  M.  Richer  found  by  an  experiment  made  in  the 
that  H'gards  the  motion  of  pendulums  has  since  bn-n  de-  island  of  Cayenne,  about  4 degrees  from  the  equator,  where 
mouitrutcd  in  different  ways,  and  particularly  by  Newton,  a pendulum  3 feet  S}^  lines  long,  which  at  Paris  vibrated 
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tcc»mU,  required  to  be  shoftrncd  8 line  and  a quarter  to 
miikc  it  >ibmte  sec<||ds.  And  many  other  observations 
bavc  cotilirmed  the  sanie  principle.  See  Newton's  Phn- 
lib.  3,  prop.  20.  Ry  comparing  the  different  ubKr« 
vations  of  the  French  astrunomerst  Newton  apprehends 
that  2 lines  may  be  considered  as  the  length  a seconds  pen- 
dulum ought  to  be  decreased  at  the  equator. 

From  some  observations  made  by  Mr.  Campbell,  in 
I7dl,  in  Rlack-rivcr,  in  Jamaica,  13^  north  latitude,  it 
is  collected,  that  if  the  length  of  a simple  pendulum  that 
swings  seconds  in  London,  be  39*120'  English  inches,  the 
length  of  one  nt  the  equator  would  be  39*00,  and  at  the 
poles  39*206'.  Philos.  Trans,  numb.  432. 

And  hence  Mr.  Kmerson  has  computed  the  following 
Table,  showing  the  length  of  a pendulum  that  swings  se- 
conds at  every  5th  degree  of  latitude,  as  also  the  length  6f 
the  degree  of  latitude  there,  in' English  miles. 


De^en  (4* 

L«i. 

Lengvii  of  F«n- 
duluiB. 

Lfncih  of  ihs 

inrhet. 

u 

39*027 

6s723 

5 

39  029 

68*730 

10 

39*032 

(>»-730 

1 3 

3SHJ3(i 

68-783 

20 

39044 

68-830 

25 

3S057 

68-882 

30 

39*070 

68-950 

35 

39'0H4 

69020 

40 

3yos7 

69-097 

45 

39  ui 

69  176 

50 

syiae 

69-256 

55 

3S  U2 

69-330 

6o 

39*158 

69  401 

65 

3yi6's 

09-4<i7 

70 

3S-I77 

69522 

75 

39*185 

69-5(18 

80 

syipi 

69(101 

85 

39- 195 

69-620 

so. 

39- 197 

69628 

Capl.  John  Warren  has  lately  made  experiments  on  pen- 
dulums, at  Madras,  latitude  13^  4'  12**,  for  which  place 
he  concludes  the  length  of  th<  hcoiuIs  pendulum  to  be 
3y  02(>J7  tnehes.  He  further  di*duces  the  length  at  the 
equator  to  be  38*987  or  39  nearly,  and  that  at  the  pole 
39*207  i hence  he  deduces  the  etfect  of  gravity,  in  one  se- 
cond of  time,  tube  at  the  equator  16**0328  feet,  and  at  the 
poll's  )6'1233  fe«-t ; and  hence  also  he  deduces  llie  ellip- 
ticity  of  the  earth’s  ligure  to  be  nearly.  Sec  the  Asiatic 
ilesrarches,  vul.  xi,  art.  5. 

6.  If  two  pendulums  vibrate  in  similar  arcs,  the  times 
of  vibration  arc  in  the  sub-duplicate  ratio  of  their  lengths. 
And  the  lengths  of  pendulums  vibrating  in  similar  arcs, 
arc  iQ  the  duplicate  ratio  of  the  limes  of  a vibration  di- 
rectly; or  in  the  reciprocal  duplicate  ratio  of  the  number 
of  oscillationa  made  in'any  one  and  the  same  lime.  For, 


7.  The  foregoing  laws,  fee,  of  the  motion  of  pendulums 
cannot  strictly  hold  good,  unless  the  thread  ihatsustaiol 
the  ball  be  void  of  weight,  and  ibc  gravity  of  the  whole 
ball  be  culh*cled  into  a point.  In  practice  therefore,  a 
very  fine  thn*ad,  and  a small  ball,  hut  of  a very  heavy 
mutter,  should  be  used.  Rut  a thick  thread,  and  a bulky 
ball,  disturb  tlic  inolioa  very  much  ; for  in  that  case  the 
simple  ]K'nduium  becomes  a compound  one;  it  being  vuch 
the  same  thing,  ai  if  leverul  weights  were  applied  to  the 
same  inflexible  rod  in  several  places. 

8.  M.  Krafll,  in  the  new  Petersburg  Memoirs,  voU  6 
and  7,  has  given  the  result  of  many  experiments  on  pen- 
dulums, made  in  different  parts  of  kussia,  with  deductiortt 
from  thenf,  from  which  ho  derives  this  theorem  : If  x be 
the  length  of  a pendulum  that  swings  seconds  in  any  given 
latitude  /,  and  in  a temperuture  of  10  degrees  of  Reaumur's 
thermometer;  then  will  the  length  of  that  pendulum,  fur 
that  latitude,  be  thus  expressed,  via, 

X = (439'I78  2*321  x sin.*f)  lines  of  a French  foot. 

And  this  expression  agrees  very  nearly,  not  only  with  all 
the  experiments  made  on  the  pendulum  in  Russia,  but  also 
with  those  of  Mr.  Graham,  and  those  of  Mr.  Lyons  in 
79^  30'  north  latitude,  where  he  found  its  length  to  be 
441*38  lines.  See  Obl.vt  ex  hiss.  * 

SfMp/e  Pekdvlcm,  in  .Mechanics,  an  expression  com- 
monly used  among  artists,  to  distinguish  such  pendulums 
as  have  no  provision  for  correcting  the  effects  of  beat  and 
cold,  from  those  that  have  such  provision.  Also  Simpla 
Pendulum,  and  Detached  Pc-ndalutn,  are  terms  sometimes 
used  todanuiesuch  pendulums  as  are  not  connected  with 
any  clock,  or  clock-work.  * 

Co/trfkfintiJ  Pr.xDULt'M,  in  Mechanics,  is  a pendi(lum 
whq>e  rod  is  composed  of  two  or  more  wires  or  bars  of 
melitl.  These,  by  undergoing  different  degrees  of  expan- 
sion and  contraction,  when  expired  to  the  \ame  heal  or 
cold,  have  ihc  difference  of  expansion  or  contractioitmado 
to  act  in  such  manner  as  to  preserve  constantly  the  same 
distance  between  the  point  of  sus(>cnsion,  and  centre  of 
oscillation,  though  exposed  to  very  different  and  v*arioug 
degrees  of  heat  or  cold.  There  are  a great  variety  Of  con- 
structions for  this  purpose  ; but  they  may  be  all  reduced 
to  the  Gridiron,  the  Mercurial,  and  the  Lever  Pendulum.. 

It  may  J>c  just  observed  by  the  way,  that  the  vulgar  me- 
thod of  reme<lying  the  inconvenience  arising  from  the  ex- 
tension and  contraction  of  the  rods  of  common  pendulum^ 
is  by  applying  the  bub,  or  small  ball,  with  aKrew,  at  the 
lower  end  ; by  which  means  the  |>endulurQ  is  at  any  lime 
made  longer  or  shorter, ‘as  tire  ball  is  screwed  downwards 
or  upwanN,  and  thus  the  time  of  its  vibrntion*is  kept  con- 
tinually the  same. 

/fngu/ar  is  formed  of  two  pieces  or  legs, 

like  a sector,  and  suspended  by  the  angular  point  This 
form  has  been  invented  to  diminish  the  length  of  the 
common  pendulum,  and  at  the  same  time  to  preserve,  or 
even  increase  the  time  of  vibration.  In  this  {veoduluma 
the  time  of  vibration  depends  on  the  length  of  the 
Irgs,  and  on  the  angle  contained  between  them  con- 
jointly, tlie  duration  of  the  time  of  vibration*incre<ising 
with  the  angle.  For,  the  wider  the  opening  bctwixo  (h® 
Hi-ncc  two  legs,  the  higher^  it  is  evident,  the 'crn|fe  of  gravity 


the  tunc  of  vibration  I being  as  where  p and  g are 

constant  or  given,  ibercforer  is  as  v/'r,  and  r ^ ^ , 

therefore  the  h4igtb  of  a half-second  pendulum  will  be  Jra  ascends,  as  the  shorter  its  distance  below  the  point  of  sus- 
pension, and  couMiqucntly  the  longer  the  distance  of  the 
centre  of  oscillation,  or  the  slower  tjie  vibration,  since  iho 


or  ~ _ 9*781  inches;  and  the  length  of  the  quarter- 
second  |H'ndulqm  will  be  s s 2*443 inches;  and 


so  of  others. 


distance  of  the  hater  is  reciprocally  proportional  to  that 
of  the  former,  by  my  Course  of  llatbeiBaiics,  voj.  2, 
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j>rop.  56.  Honcet  a pendulum  of  tRis  constraction  may 
be  made  to  osciHale  in  aJty  gi'fu  lime  whatever;  for  the 
distance  of  the  centre  of  incilUlion  may  be  cumpuitnl  by 
that  prop,  and  the  time  of  vibralion  by  prop.  30,  or  hy  the 
preceding  parrs  of  this  article.—lt  riiay  t»e  euwly  sbunn, 
that  in  this  kind  of  pendulum,  the  squares  of  the  times  of 
vibration^  are  directly  as  the  secants  of  half  the  angles 
contained  by  the  li^,  or  reciprocally  as  the  cosines  oi  the 
same.  Hence,  it  a pendulum  of  this  construction  vj> 
brates  half  secojida  when  its  legs  are  close,  it  wil!  vibrate 
whole  seconds,  when  the  legs  are  o|>eneti  to  an  anglv  of 
151°  2f . If  the  two  legs,  fur  instance,  be  1 5 inches  long, 
and  they  make  an  angle  of  150^23',  the  time  of  vibration 
wilt  be  I second  ; if  the  angle  be  incrcaMil  to  178'* 
the  time  of  vibration  would  be  5 seconds,  bee  Gregory’s 
Mechanics,  vol.  1,  pa.  26'9- 

If  an  isosceles  right-angled  triangle  be  suspended  at  its 
vertex,  the  centre  of  oscillation  w ill  be  in  the  miildle  of 
its  base.  And  if  a right^ngled  cone  be  suspended  at  its 
vertex,  the  centre  of  oscillation  will  be  in  the  centre  of  its 
base.  In  cither  case  therefore,  the  time  of  vibration  will 
be  the  same  as  that  of  a simple  pendulum  whose  length  is 
equal  to  the  altitude  of  the  triangle  or  of  the  cone.  Other 
pendulums,  whose  lengths  shall  be  equal  to  the  dislam*e 
of  the  centre  of  oscillation,  may  be  readily  found  from 
the  known  rules  for  the  centre  of  oscillation.  Thus,  in  a 
parabola  vibrating  in  its  own  plane,  and  suspended  at  its 
vertex,  the  distance  of  the  centre  of  oscillation  below  the 
vertex,  is  4-  t pnrameler  : and  when  this  quantity 

is  equal  to  the  axis,  the  base  of  the  parabola  u to  it« 
axis,  as  l'85l64’ to  I.  For  several  other  caM*s,  see  the 
part  above  quoted  of  Dr.  Gregory**  .Mechanics. 

The  Canicai  or  Circular  Fcndulvm.  This  is  so  called 
from  the  figure  described  by  the  string  of  the  pendulum. 
This  kind  of  pendulum  was  invented  by  M.  Huygens,  and 
is  also  claimed  by  Dr.  Hooke.  Its  time  of  vibration  de> 
pends  both  on  the  length  of  the  string  and  on  the  iniigni- 
tudeof  the  circle  described  by  the  ball  of  the  p<mduIuin,or 
only  on  tbcaltitudc  uftheconedi-scribediby  llic  pendulum ; 
fi)r  if  a denote  the  altitude  of  the  cone  describeif,  and 
p =;  3'HIO,  also  g ss  l^flf  feet,  the  distance  freely  fallen 
by  a heavy  body  in  1 srcuiid  of  time;  then  it  is  well  known 
tint  the  lime  of  each  revolution  of  the  pendulum,  is 


t />V^—  = I’lOS^a  seconds  nearly  ; and  is  therefore 


equal  In  double  the  time  of  vibration  of  a common  simple 
pendulum,  whose  length  is  i-quul  to  the  height  of  the  cone. 

Several  oiher  ingenious  contrivances,  by  means  of  dif- 
ferent rods  and  levers,  as  also  hollow  pendulums, 6cc,  have 
been  dcvivetl  by  several  artl^ls ; as,  fur  instance,  by  a Mr. 
Otandlcr,  by  Mr.  Troughtvm,  luid  by  Mr.  Adam  lleid,  an 
ingiiiious  mechanist  at  Woolwich.  This  last  Ctmtrivancc 
is  by  a long  steel  rod,  which  pass<*s  easy  through  a hollow 
shorter  mhI  of  xinc,  only  coiim'ctcd  together  at  tiitir  bot- 
loms ; the  pendulum  ball  or  weight  being  connected  to  the 
upper  end  of  tbc  zinc  rod.  As  the  long  steel  rod  length- 
ens by  heal,  and  lowers  the  bull,  the  zinc  vices  the  same, 
and  raisv^  the  ball  as  much,  by  which  the  pendulum  is 
prtei'rved, 'of  the. same  bwigth  in  all  temperatures,  when 
once  the  rods  have  beCn  adjusted  together  of  proiH.-rlenglhs. 

The  Gridiron  Penduli’m  whs  the  invention  of  Mr. 
John  Harrison,  a very  ingenious  artist,  and  cilebrated  for 
his  invention  of  the  wafth  for  bnding  the  didcrencc  of  lon- 
gitude at  sea,  about  the  year  1725 ; and  of  several  other 
time-keepers  and  watches  since  that  rime;  for  all^which 


he  received  the  parliamentary  reward  of  between  20  and 
so  thousand  pounds.  It  consisis  of  5 rods  of  steel,  and  4 
of  brass,  placed  in  an  alternate  order,  the  middle  md  bring 
of  steel,  by  which  the  pendulum  l>ali  is  suspenried  ; tiu-se 
rods  of  brass  and  steel,  thus  placed  in  an  nlternatr  order 
and  so  connected  with  each  other  at  their  ends,  that 
while  the  expansian  of  the  suvl  rods  has  a teudency  to 
lengthen  the  pendulum,  the  expansion  of  the  brasn  rods 
acting  upwards,  tends  to  shorten  U.  And  thus,  when  the 
lengths  of  the  brass  and  sii'el  rods  are  duly  proportiom-d 
their  expaRsions  and  cunirecriuns  will  exactly  balance 
and  Correct  each  other,  and  so  preserve  the  pendulum  in- 
vari.il>ly  of  the  same  length.  The  simplicity  of  this  inge- 
nious contrivance  is  much  in  its  favour;  nnd  the  dilficuliy 
of  adjustment  seems  the  only  objection  to  it.  Mr.  Ilar- 
risdii  in  his  Hrsi  machine  for  measuring  time  at  sea,  ap- 
piiiHl  this  combination  of  wiri*s  of  brass  and  st<*el,  to  pre- 
vent any  aUerations  by  heat  or  cold , and  in  the  machines 
or  clocks  he  has  made  lor  this  purpose,  a like  method 
of  guapling  against  the  irregularities  arising  from  this  cause 
is  used. 

Tbc  Mercurial  IV-XOCLl’M  was  the  invention  of  the 
ingenious  Mr.  Graliain,  in  consequence  of  M‘vrral  experi- 
nienU  relating  to  the  inaierials  «if  which  pendulums  might 
be  formed,  in  1715.  Its  rod  U made  of  brass,  and 
branchnl  towards  its  lower  end,  so  as  to  embrace  a cylin- 
dric  glass  vessel  13  or  14  inches  long,  and  about  3 inches 
diameter;  which  being  tilled  about  12  inches  drep  with 
nu  rcury,  forms  the  weight  or  ball  of  the  pendvium.  If 
upon  trial  theexpuiivion  of  the  rod  be  found  too  great  for 
that  of  iJie  mercury,  more  mercury  must  be  pouri-d  into 
the  vissel : if  the  expansion  of  the  mercury  exceeds  tbat 
of  the  rod, so  as  to  occalion  tbeqlock  logo  lust  with  heat, 
some  mercury  must  be  taken  out  of-  the  vessel,  so  as  to 
shorten  the  column.  And  thus  may  the  e.\pansioii  and 
contraction  of  the  quicksilver  in  the  glass  be  mude  exactly 
to  balance  the  expansion  and  contractiouof  the  |>rndulum 
rod,  so  as  to  preserve  the  distance  of  the  centre  of  oscilla- 
tion from  the  point  of  suspension  invariably  the  same. 
Mr.Gruham  made  a clock  of  this  kind,  and  compared  it 
• with  one  of  the  best  of  the  common  sort,  for  3 years  to- 
gether; w hen  be 'found  the  errors  of  his  to  be  only 
about  onc-eightli  part  of  those  of  the  latter.  Philos.  Trans. 
No.  392. 

The  L^ver  VzKnvtVM.  From  ail  that  appears  con- 
cerning this  construction  of  a pendulum,  we  are  incline  d 
to  believe  that  the  idea  of  making  the  difference  of  the 
expansion  of  different  metals  operate  by  means  of  a lever 
origiiialcd  with  Mr.  Graham,  who  in  the  year  1737  con- 
structed a pendulum,  having  its  rod  composoil  of  one  bar 
of  steel  between  tw  o of  brass,  w bi^h  acted  on  the  short  end 
of  a lever,  to  the  other  cm!  of  wliich,  the  ball  or  weight  of 
the  pendulum  was  suspended.  This  pendulum  however 
was,  upon  trial,  found  to  move  by  jerks;  and  therefore 
laid  aside  by  the  inventor,  to  make  way  for  the  mi  rcurial 
pendulum,  just  mentioned,  , 

Mr.  Short  informs  us  in  the  Philos.  Trans,  vol.  47, 
art.  88,  ibttl  a .Mr.  Frolhcringham,  a quaker  in  Lincoln- 
shire, cau^ed  a pendulum  of  tfris  khid  to  be  made ; it  con- 
sisted of  two  bars,  one  of  br.iss,  and  the  other  of  steel, 
fastened  together  by  screws,  with  levers  to  raise  or  let 
down  the  bulb;  above  which  these  levers  were  placed. 
M.  Cassini  loo,  in  the  History  of  the  Uoyal  Academy  of 
Science?  at  Pari>,  fur  I7*l’l»  describes  jwo  kinds  of  pen- 
dulums fur  clocks,.con)pounded  of  bars  of  bra»  and  «tee!. 
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Auil  in  which  he  applies  a lever  to  raise  or  let  ilown  the 
bulb  of  the  ]>cn(iulun),  by  the  expansion  or  contraction  of 
the  bur  of  brass.  % 

.Mr..luho  KIlieouaiso,  in  thc)*ear  ir38»  constructed  a 
pendulum  ou  the  sume  principle,  but  difii-rhig  fi-um  Mr. 
Oi.iliniirs  in  many  particulars.  The  rod  of  Mr.  Lilt* 
coil*H  pi'iidulum  wus  composed  of  two  bars  only  ■,  the  one 
of  brass,  ami  the  other  ol  steel,  it  bad  two  levers,  each 
sustaining  its  hah  of  the  ball  or  weight ; with  u spring 
under  the  lower  part  of  the  ball  to  relieve  the  levers 
l>i>m  a considerable  part  of  iu  weight,  and  so  to  render 
their. motion  more  smooth  and  easy.  The  one  lever  m 
hfr.  Uraham's  comtructtoii  wBs  ainive  the  ball:  whereas 
both  the  levers  in  Mr.  Ellicott's  were  within  the  bail;  and 
each  lever  liad  an  adjusting  screw,  to  lengthen  or  shuridi 
the  lever,  *o  as  to  render  the  adjustment  the  more  perfect. 
Sec  the  Philos.  Trans,  vol.  47,  pa.  479 » where  Mr.  Klli- 
cotl’s  methods  of  construction  arc  described,  and  illuatru- 
icd  by  figures. 

Notwithstanding  the  great  ingenuity  displayed  by  these 
very  eminent  artists  on  this  construction,  it  must  lurther 
be  observed,  in  the  history  of  improvements  of  this  nature, 
that  Mr.  Gumming,  anothrr  eminent  artist,  has  given,  in 
his  E&says  on  the  Principles  of  Clock  and  Wulcli-work, 
Lond.  17f>h,  an  ample  description,  with  plates,  of  a con* 
siruction  of  a pi*ndutuiu  with  levers,  in  which  it  seems  be 
has  united  the  properties  of  Mr.  Graham’s  and  Mr.  Till* 
cott's,  without  being  liabU*  to  any  of  the  def(^:ts  of  either. 
The  rod  of  this  pendulum  is  com|>osrd  of  one  dal  bar  of 
brass,  and  two  of  steel ; he  uses  three  levers  within  the 
ball  of  the  pendulum  ; and,  among  many  other  ingenious 
contrivances,  fur  the  trorc  accurate  adjusting  of  this  pen* 
dulum  to  mean  time,  it  is  provided  with  a small  bull  and 
screw  below  the  principal  ball  or  weight,  one  entire  revo- 
lution of  which  on  its  screw  will  only  alter  the  rate  of  the 
clock’s  going  one  scconti  per  day  ; and  its  circumference 
IS  di\  idl'd  into  30,  one  of  which  divisions  will  therefore  al- 
ter its  rare  of  going  one  secobd  in  a month. 

Pr.NDiTMTM  Clocky  is  a clock  having  its  motion  regu- 
lated by  the  vibration  «f  a penduKini.  it  is  coniroveried 
between  Galileo  and  liuygins,  which  of  the  two  first  ap- 
plied the  pendalum  to  a clock.  For  the  pretensions  of 
cmdi,  sec  Clock.  After  Huygens  had  discovered,  that  the 
vibnitiim  mudu  in  arcs  of  a cycloid,  however  unequal  they 
might  be  m extent,  were  all  tqual  in  lime;  he  soon  per- 
ceived, that  a pendulum  applied  to  a clock,  so  as  to  make 
it  describe  arcs  of  a cycloid,  would  rectify  the  otherwise 
unavoidable  irregularities  of  the  motion  of  the  cloL'k; 
since,  though  the  sevcr.il  causes  of.  those  irregularities 
should  occasion  the  {lendulutii  to  make  greater  or  smaller 
vibrations, yet,  by  virtue  of  the  cycloid, it  would  still  make 
them  |K‘ifectly  equal  in  {Kiiiit  of  lime;  and  the  motion  of 
the  clock  governed  by  it,  would  therefore  be  preserved  per- 
fectly equable.  But  the  didiculty  was,  bow  to  make  the 
ptndulum  tit-scribe  arcs  of  a cycloid;  for  naturally  the 
pendulum,  l>ring  suspended  by  a lixcd  point,  can  only  de- 
scribe circular  arcs  about  it. 

Here  M.  Huygens  contrived  to  fix  the  iron  rod  or  wire, 
which  bears  the  ball  or  weight,  at  the  lop  to  a silken 
thread,  pl.vced  briwegn  two  cycloidal  checks,  or  two 
little  arcs  of  a cycloid,  made  of  metal.  Hence  the  mo- 
tion of  vibration,  applying  successively  from  one  of  those 
arcs  to  the  other,  the  tlirc^,  which  is  extremely  Ilexibic, 
tii^ily  assumes  the  figure  of  ihrm,  and  by  that  means  cauiies 
the  ball  or  weight  at  the  buUum  to  de&cribu  a just  cy- 
cloidal arc. 


This  is  doubtless  one  of  the  moat-ingenious  and  useful 
inventions  many  ages  have  produced  : by  imans  of  which 
it  has  bit-n  asserted  tiiere  havehveii  clocks  that  would  not 
vary  a single  second  in  several  daya : and  the  same  inven- 
tion also  gave  rise  to  the  whole  doctrine  of  involute  and 
evolutc  curves,  with  the  radius  and  degree  of  curva- 
tun-.  See.  ' , • 

It  is  true,  the  |>cndulum  is  still  liable  to  its  irregulari- 
ties, how  minute  soever  they  may  be.  The  siikvn  thread 
by  wliich  it  was  suspended,  shorti  mi  in  moist  weather,  and 
lengthens  in  dry;  by  which  nu*an!i  the  length  of  the  whole 
pendulum,  and  conM-qucnlly  the  limes  of  the  vibrations, 
are  somewhat  varied. 

To  obviate  this  inconvenience,  M.  l.aliirc,  itislcad  of  a 
silken  thread,  used  a little  fine  spring;  which  was  not  in- 
di-vd  subject  to  shorten  and  lengthen  frum'lbose  causes; 
yet  he  found  it  grew  stifier  in  cold  weather,  and  then 
made  its  vibrations  faster  than  in  warm  ; to  which  also  wo 
may  add  its  expansion  and  contraction  by  heat  and  cold. 
He  therefore  had  recourse  to  u siifl'  wire  or  rod,  firm  from 
one  end  to  the  other.  Indeed  by  tbi^  means  he  re- 
nounced the  udvantago  of  the  cycloid  ; but  he  found,  as 
he  says,  by  ex|>criencc,  that  the  vibrations  in  circular  arcs 
are  performed  in  times  as  equal,  pmviiled  they  be  not  of 
too  great  extent,  as  those  in  cycloids.  But  the  experiments 
of  Sir  Julias  Moore,  and  others,  have  dcmonvtraied  the 
contrary.  • 

The  t>rdinary  causes  of  the  irregularities  of  pendulums 
Dr.  Derbam  ascribes  to  the  aUeraitons  in  the  gravity  and 
temperature  of  the  air,  which  increase  and  diminish  the 
weight  of  the  ball,  and  by  that  means  make  the  vibra-, 
lions  greater  and  less  ; an  ’accession  of  weight  in  the  ball 
being  tbunil  by  cxpi'riroent  to  accelerate  the  motion  of  the 
pendulum ; for  a weight  of  G pounds  added  to  the  ball, 
Dr..  Derbam  found  made  his  dock  gain  13  seconds  every 
day. 

A general  remedy  against  the  inconveniences  of  pen- 
dulums, is  to  make  them  long,  the  ball  heavy,  and  to  vi- 
brate but  in  small  arcs,  lliesc  are  the  usual  means  em- 
ployed in  England  ; Uic  cycloidal  cheeks  being  generally 
neglected,  hre  the  foreg(»iiig  article.  « 

I’endulum  clocks  resting  against  the  same  rail  have 
been  fpund  to  infiuence  each  other’s  motion.  See  the 
Philos.  Trans.  No.  433,  wet.  3 and  where  Mr.  Ellicou 
has  given  a curious  and  e.Nactaccount  ol  tiiis  phenomenon. 

Pxx  Dt’LU  M Royuly  n name  used  among  us  for  a clock, 
whose  pendulum  swings  seconds,  and  goes  8 days  without 
winding  up;  showing  the  hour,  minute,  and  second.  The 
numbers  in  such  a piece  are  thus  calculated.  First  cast 
up  the  seconds  in  12  hours,  which  are  the  bv-ala  in  o»e  turn 
ot  the  great  wheel  ; and  they  will  be  found  to  be  43200  ~ 
12  * 60  K 60.  The  swing-w  heel  must  be  30,  to  swing 
00  Kconds  in  one  of  its  revolutions;  now  let  the  half  tf 
43200,  viz  21600,  be  dividcil  by  30,  and  the  quotient  will 
be  720,  which  must  be  separated  jnto  quo-  • • 

tients.  The  first  of  these  must  be  12,  for  8 ) 96  ( f2 
the  great  wheel,  which  moves  round  once  8 ) 64  ( 8 
in  12  hours.  Now  720  divided  by  12,  8 ) 60  ( 7\ 
gives  60,  which  may  also  be  conveniently  30 

broken  into  two  quotii  nls,  as  lOand  6,  or 
12and3,or8at»d74;  which  last  is  most  convenient : and 
if  the  pinions  W sill  taken  8,  the  work  will  stand  as  above. 

According  to  this  computation,  the  great  wheel  will  go 
round  once  in  12  hours,  U>  show  the  hour ; the  next  wheel 
once  in  an  hour,  to  show  the  minutes ; and  the  swing- 
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wheel  once  in  a minute,  to  show  the  seconds.  See  Clock- 
work. • 

Ballistic  Vesdvlvu.’  Si*c  Ballistic  Pendulum. 

Lmr/ Pendulum.  See  Level. 

Pendulum  If'atch.  See  Watch. 

.PfcNLTRAlULlTY,  capability *uf  being  penetrated. 
•Soe  ImpkvetkabiliVt. 

PKNKTRATION,  the  acj  by  which  one  thing  enters 
another,  or  Hikes  up  the  place  already  pi**-!!  >sed  by  uno- 
iher.  The  schoolmen  dolint*  penctraUon  lb«'  co-exislencc 
ui‘ two  or  tporc  by<lics,  so  that  one  is  present,  or  has  its 
extension  in  the  same  plaec  as  the  other.  Most  philuso* 
phcis  bold  the  |>em'tratiun  of  bodies  absurd,  i.  e.  that  two 
bodies  should  at  the  same  time  iu  the  same  place ; and 
acdordingly  imiK'netrability  is  Inid  down  as  one  of  the* es- 
sential properties  of  inat(er.-~-What  is  popularly  called 
peneti%iion,  only  amounts  to  the  matter  of  one  body’s 
being  admitted  into  the  vacuity  or  pores  of  another.  .Such 
is  the  penetration  of  water  through  tlie  substance  of  gold. 

peninsula,  in  Geography,  is  a {lortion  or  extent  of 
land  which  is  nearly  surrounded  with  wnicr,  being  joined 
to  the  continent  only  by  an  isthmus,  oU  narrow  neck. 
Such  is  Africa,  the  greatest  peninsula  in  the  world,  which 
is  Joined  to  Asia  by  an  isthmus  at  the  extremity  of  the 
Htxl  Sea  ; such  also  is  Peloponnesus,  or  the  Morea.  joined 
to  Greece : and  Jutland,  &c.  Peninsula  is  the  same  with 
what  is  otherwise  called  Chrrsonesus.  • • 

’PENNY,  a well-known  copper  coin,  bi’ing  the  I2ih 
part  of  a shilling.  The  penny  was  formerly  a silver  coin 
tirst  struck  in  England  by  our  Saxon  ancestors,  bung  the 
•240th  part  of  thur  pound,  and  its  true  weight  was  about 
22t  grains  troy. 

In  EUheldred’s  time,  thepenny  was  the  20th  part  of  the 
troyounce,  and  equal  in  weightto  our  three  pence  ; which 
value  it  retained  till  the  time  of  toward  111. 

T4U  the  lime  of  King  Edward  the  first,  the  penny  was 
struck  with  a cross  so  deeply  sunk  in  it,  that  it  might,  on 
occasion,  be  easily  broken,  and  jiarted  into  two  h.ilves, 
thence  called  halfpennies  \ or  into  four,  thence  call<.*d 
fourlbings,  or  farthings.  But  that  prince  coimnl  tt  without 
the  cross; instead  of  which  he  struck  round  halfpence 
amf  farthings.  Though  there  are  said  to  be  instances  of 
such  round  halfpence  having  U'cn  made  in  the  reign  of 
Henry  the  first,  if  not  also  in  that  of  the  two  Williams. 

Edward  the  first  also  redu^d  the  weight  of  the  penny 
to  a standard;  ordering  that  it  should  weigh  32  graias  of 
wheat,  taken  out  of  the  middle  of  the  car.  This  |>enny 
was  called  the  penny  sterling;  and  20  of  them  were  to 
weigh  an  ounce  ; Vhence  *tho  penny  became  a weight  as 
well  as  a coin. 

By  the  9th  of  Edward  the  3d,  it  was  diminished  to  the 
26th  part  of  the  troy  ounce  ; by  the  2d  of  Henry  the  6th 
it  was  the  32d  part  ; by  the  5th  of  Edward  the  4lh,  it  be- 
came the  40lh,  and  also  by  iheSfi'th  of  Henry  the  Sth,  and 
aftcVwards.the  45th*;  buuby  the  2d  of  Eiizal>eth,  60  pence 
wert'  coined  out  of  the  ounce,  and  during  her  reign  62, 
which  last  proportion  is  still  observed  in  our  limes. 

The  French  penny,  or  denier,  is  of  two  kinds;  the  Paris 
penny,  called  denier  Farisis;  and  the  penny  of  Toure, 
called  denier  Tuuriiois. 

The  Dutch  penny,  called  pennink,  or  pening,  is  a real 
money,  worth  about  onc-fifih  more  than  th€?French  penny 
Tournois.  The  pennink  is  also  used  as  a money  of  ac- 
count^ in  keeping  books  by  pounds,  florins,  and  patards  ; 
12  penninka  make  the  paUrd,  and  20  patards  the  florin. 


At  Hamburg,  Nuremberg,  &c,  the  penny,  ot^plcnnigof 
accouDi,  IS  equal  to  the  French  penny  louriiois.  Qf 
thc»e,  8 make  the  krieuk  ; and  6o  the  florin  of  those  ci- 
ties ; also  <X>  the  French  crown,  or  4s.  O'd.  sterling. 

VusjiY-lVeigkt,  a troy  weight,  being  the  20th  part  of 
an  ounce,  containing  24  grains;  each  grain  weighing^ 
grain  of  wheat  gathen'il  out  of  the  middle  of  lh«  ear,  well 
dried.  The  name  took  its  risf?  from  its  being  actually  the 
weight  of  one  of  our  ancient  silver  penmes.  See  the  fore- 
going article. 

PENT.XGON,  in  Geometry,  a plane  figure  consisting 
of  five  angles,  and  consc'quently  five  sides  at>o.  If  the 
angles  be  all  equal,  it  is  a regular  pentagon.  It  is  a re- 
markable property  of  the  pentagon,  that  its  side  is  equal 
in  power  to  the  sides  of  a hexagon  and  a decagon  inscribed 
in  ibe  same  circle ; that  Is,  the  square  of  the  side  of  the 
pentagon,  is  equal  to  both  the  squares  taken  together  of 
the  sidi'sof  the  other  two  figures;  and  consequently  those 
three  sides  will  constitute  aright-angled  triangle.  Euclid, 
1.13,  prop.  10. — Pappus  has  also  dempnsirated,  that  12f 
regular  pentagons  contain  more  than  20  triangU>s  inscribed 
in  the  same  circle;  lib.  5,  prop  45. — The  dodecahedron, 
which  is  the  fourth  n^gular  body  or  solid,  is  coniuincd  un- 
der 1 2 equal  ami  regular  j>entngons. 

Tofiud  the  Aren  of  a Regular  Pcntaoos.  Multiply 
the  square  of  its  side  by  1*7'204774,  or  by  | of  Ibc  tan- 
gent of  54®, or  by  -*•  Hence,  it  s denote  the 

Bide  of  the  pentagon,  its  ana  will  bo  l*7204774r^  = 
f»V( ' •*•  rv/i)  = * '“s 

1’KNTAGRAPH,  otherwise  calleti  a parallelogram,  a 
matbematicul  instrument  for  copying  designs,  prims,  plans, 
&c,  in  any  proportion.  The  common  |K-magraph  (plate  24, 
fig.  2)  consists  of  four  rulers  or  bars,  of  raetnl  or  wood, 
two  of  them  from  15  to  18  inches  long,  the  other  two  half 
that  lengtii.  At  ibei  nds,  and  in  the  middle,  of  the  long 
rulers,  as  also  at  the  ends  of  the  shorter  ones,  are  holes, 
on  the  exact  fixing  of  which  the  perfection  of  the  instru- 
ment chiefly  depends.  Those  in  the  middle  of  the  long 
rulers,  are  to  beat  the  same  distance  from  those  at  the  end 
of  the  isng  ones,  and  those  of  the  khort  ones ; so  that, 
when  put  t4»gether,  they  may  always  make  a parallelogram. 

The  ihstrument  is  fitted  togeilier  for  use,  by  several 
little  pieces,  particularly  a little  pillar.  No.  1,  having  at 
one  end  a nut  and  screw,  joining  the  two  long  rulers  tt»ge- 
ther  ; and  at  the  other  end  a small  knot  for  the  instrument 
to  slide  on.  The  piece  No.  2 is  a rivet  with  a screw  and 
nut,  by  which  each  short  ruler  is  fa<>tcned  to  the  middle 
of  each  long  one.  The  piece  No.  3 it  a pillar,  one  end  of 
which,  being  hollowed  into  a sm^w,  has  a nut  filled  tojt ; 
an<i  at  the  other  end  is  a worm  to  screw  into  tlie  table; 
when  the  instrument  U to  be  used,  it  Joins  the  ends  of  the 
two  short  rulers.  The  piece  No.  4 is  a pen,  or  pencil,  or 
portcrayon,  screweil  into  a little  pillar.  Lastly,  the  piece 
No.  5 is  *a  brass  point,  moderuiely  blunt,  screwed  likewise 
into  a little  pillar. 

Vte  of  the  Pr.KTAORAPii.— 1.  To  c«ipy  a design  in  the 
same  sise  or  scale  as  the  original.  Screw  the  w^*rm  No.  3 
into  the  table;  lay  a paper  xinder  the  pencil  No.  4,  and 
the  design  under  the  point  No*  5.  This  done,  conduct  the 
point  overtbe  ttfveral  line^and  parts  of  the  design, and  the 
pencil  will  draw  or  repeat  the  same  on  the  paper. 

2.  When  the  design  is  to  be  reduced,  for  exuinple  to  half 
the  scale  ; the  worm  must  be  placed  at  the  end  ol  the  long 
ruler  No.  4,  and  the  paper  and  pencil  in  the  middle.  In 
ibis  situaliou  conduct  the' bravs  point  over  the  several  lines 
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of  the  tlcsign*  u%  before;  and  the  pencil  at  tbc  laotctimc 
wtU  dr»w  ii^  copy  in  the  proportion  required  ; the  |>i-j)Cjl 
here  only  moving  half  the  leiigtin>  that  the  point  inu>eii. 

' 3.  On  the  contrary,  uhen  the  <J(  »ign  i»  to  be  enlarged 
to  H double  »>zc;  the  brass  point,  »itlt  tiie  design,  must  he 
placed  in  the  iniddluat  No.3,  the  pencil  and  paper  at  the 
end  of  the  long  ruler,  and  the  worm  at  the  oUier  end. 

4.  To  reduce  or  enlarge  in  other  proportions  there  arc 
holes  drilled  at  equal  distance's  on  each  ruler;  viz,  all  along 
the  short  ones,  and  half  vray  of  the  long  ones,  for  placing 
the  brass  point,  pencil,  ami  worm,  in  a right  line  in  them; 
i.  c.  if  the  piece  carrying  the  point  be  put  in  the  third 
hoR‘,  the  other  two  pieces  roust  bo  put  each  in  iu  third 
bole ; \c. 

PEN  TANGLE,  a plane  figure  of  five  angles,  or  ibc 
same  as  the  Pextacon. 

PENUMBRA,  in  Astronomy,  a faint  or  partial  shade, 
in  an  eclipse,  obkcrvcd  iK’twcvii  the  perfect  sbaduv\,.auJ 
the  full  light.  The  penumbra  arises  Irorn  the  mugnitudu 
of  the  sun’s  body : were  he  only  a luminous  point,  the 
shaduwr  would  be  all  }>crfect ; but  by  reason  of  the  diume* 
Ut  of  the  sun  it  happens,  that  a place  which  is  not  iilu- 
roiiuted  by  the  whole  bo«iy  of  the  sun,  roay  )ct  receive  rays 
from  Borne  part  of  lU  Thus,  suppeae  s the  sun,  and  t the 
moon,  and  the  sliadow  of  the  latter  projected  on  a plane, 
as  oil  (plate  tM,  fig.,3).  'The  true  proper  shadow  of  T, 
vii  OH,  will  becncoropa^cd  with  an  imperfect  shadow,  or 
penumbra,  iil  and  uk,  each  portion  of  which  is  lUu- 
winated  by  an  entire  hcnusphcrc  of  the  sun. 

The  degree  of  light  or  shade  of  the  penumbra,  will  be 
more  or  less  in  dilfcrent  parts,  as  those  parts  11c  open  to  the 
ra^s  of  a greater  or  less  part  of  the  sun’s  body  : thus,  fioro 
L to  H,  and  from  t toe,  the  light  continually  duuitiislies; 
in  the  confines  of  g and  h,  the  penumbra  is  darkest, 
and  becomes  lost  and  confounded  with  the  lotaUhade  ; as 
near  c and  L it  is  thin  and  confounded  with  the  total 
light. 

A penumbra  must  be  found  in  all  eclipses,  whether  of 
the  sun,  the  moon,  or  the  other  planets,  primary  or  se- 
condary ; but  it  is  luoii  cutisuJciable  with  us  in  eclipses 
of  the  sun ; which  is  the  case  here  referred  ter. 

* Tudeterminehow  much  of  the  surface  of  the  earth  can 
be  involved  in  the  penumbra,  let 
the  apparent  scroidiatneter  of  the  sun 
to  supposed  the  greatest,  or  about 
ifi*  20'^,  which  IS  when  the  earth  is 
in  her  perihelion  ; aUo  let  the  moon 
be  in  her  apogee,  and  therefore  at 
her  greatest  distance  from  the  earth, 
or  about  04  of  the  earth’s  seroidiu- 
meters.  knc  be  the  earth,  T 
the  moon,  and  MKN  the  penumbra, 
involving  the  part  of  the  earth  from 
K to  K,  which  it  is  required  to  find. 

Here  then  are  given  the  angle 
KMC  = 16'  20",  TC  sss  64,  KC  = l| 
and  OT  ss  of  kc.  Hence,  in  the  right-angled  triangle 
OTM,  as  sin.  om  r : radius  : : OT  : tm  = 210|ot  = 5Skc 
nearly.  ’Therefore  ssc  s >ir  tc  = iS  -i-  64  =s  122 
scmiiliameters  of  the  earth.  Tlieu,  In  the  triangle  kmc, 
there  arc  given  kc  = i,  ami  mc  = 122,  uUo  the  au{;lo 
K MC  = l6’  20",  to  find  the  angle  c ; thus,  as 
KC:MC::sin.  ^kmc:  sin.  zLmkp  = 35^  23’  33"; 
from  this  take  the  angle  ^ KMC  - O'  l6  20, 
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the  double  of  which  is  the  arc  kk  18'  22", 

or  nearly  a space  of  4866  inilt-s  in  diameter. 

rEHAiMBUL\TOR,  an  iiistruraent  fur  measuring  di- 
stances ; called  also  pedometer,  way<wiscr,  and  surveying 
wheel.  ’This  wheel  is  contrived  to  measure  out  n polf,  o« 
)6^  feet,  in  making  two  revolutions;  conseq^uentiy  ilscirA 
cunifcrcncc  is  feet,  and  its  diameter  2‘6'26  feet, or  2 feeL 

inches  and  parti,  very  nearly.  It  U either  diiven 
forward  by  two  handles,  by  a pcison  walking  ; or  is  drawn 
by  a coach  wheel,  3:q,  to  which  it  is  attached  by  a |>ole. 
It  contains  various  inovcmeniti,  by  wheels, or  clock-work, 
with  indices  on  its  face,  which  is  like  that  of  a clock,  to 
point  out  the  distance  pussed  6ver,  iu  miles,  furlongs,  poles, 
yards,  &c.  Its  advantages  are,  its  teadiiui.s  ami  cxp<di- 
tiun;  being  very  useful  fur  measuring  roads  and  great  di- 
stances  on  levt  l ground.  Sec  the  fig.  plate  21,  fig.  6. 

Perch,  in  Surveying,  a squaic  measure,  iM-ingihcAOtli 
part  of  a rood,  or  the  l6'0lh  part  of  an  acre;  tlmt  is,  the 
square  of  a pole  or  rod,  of  the  b-ngih  of  3|  yariU,  or  l6| 
fi.*ct. 

p£UCii  is  by  some  also  made  to  mean  a measure  of 
length  ; being  the  same  as  the  rod  or  pole  of  5^  yards  or 
]6c  feet  long.  But  it  is  better,  for  presenting  confusion, 
to  distinguish  them. 

PERCUSSION,  in  Physics;  the  impress|pn  n body 
makes  ill  falling  or  striking  upon  another;  or  the  shock  or 
collision  of  two  bodies,  wdiich  meeting  alter  each  other’s 
motion. — Percussion  iscithcr  direct  or  oblique.  It  is  also 
either  between  elastic  or  nonclastic  bodies,  which  have 
each  thefr  differeJlt  laws.  It  is  true,  we  know  of  no  bodies 
in  nature  that  am  either  perfectly  elastic  or  the  contrary; 
but  ul)  partaking  of  that  property  in  different  degrees;  even 
the  bordistatid  the  softest  being  not  entirely  divested  of  it. 
But,  for  the  sake  of  perspicuity,  it  is  usual,  and  .proper, 
to  treat  of  these  under  two  distinct  heads. 

Ditcci  IQtRCUssioK  is  that  in  which  the  impulse  is  made 
in  the  direction  ofa  line  perpendicular  at  the  place  of  im- 
pact, and  which  also  paues  through  the  common  centre  of 
gravity  of  the  tv^'u  sltiking  bodies.  As  is  the  case  in  two 
spheres,  nchen  the  line  of  the  direction  of  the  stroke  passes 
through  the  centres  of  both  spheres ; for  then  the  same 
line,  joining  their  centres,  passes  perpendicularly  through 
the  point  of  impact.  And 

Oklique  Percussion,  is  that  in  which  the  impulse  is 
made  in  the  direction  of  a line  that  does  not  pass  through 
the  common  centre  of  gr.ivUy  of  (be  striking  budios; 
whether  that  line  o^fdircction  is  tKTpendicuiar  to  the  place 
of  impact,  or  not.  The  force  of  percussion  is  the  same  us 
the  momentum,  or  quantity  of  motion,  and  is  tepresented 
by  the  product  arising  from  the  mass  or  quantity  of  matter 
moved,  multiplied  by  thcvciuciiy  of  its  motion;  and  that 
without  any  regard  to  the  time  or  duration  of  action ; for 
its  action  is  considered  totally  independent  of  lime,  or  but 
as  for  an  instant,  or  an  infinitely  small  time. 

ThU  leads  us  to  consider  a question  that  has  been  greatly 
canvassed  among  philosophers  and  mathematicians,  viz, 
uhat  is  the  rvlatiun  between  the  force  of  percussion  and 
mere  pressure  or  weight  7 Now  let  M denote  any  inas», 
body,  or  weight,  having  no  mutton  or  velocity,  but  simply 
Iu  pressure ; then  will  that  pressure  or  force  be  dnioCed 
by  SI  itself,  if  it  be  considered  as  acting  for  some  ci-rtnai 
finite  assignable  lime ; but,  considered  as  a force  oi  pei- 
cu-sion,  that  is,  os  acting  but  for  an  infinitely  small  time, 
its  velocity  being  0,  or  nothing,  its  percussive  force  will  he 
0 a M,  that  is  0,  or  aulhing;  and  is  therefore  incomjia- 
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niblf  ^ilh  any  percussive  force  whatever.  But  if  we  con- 
sider the  two  forces,  viz,  of  percussion  and  pressure,  with 
respect  to  tiieefiects  they  produce : wo  strait  6nd  that  there 
arc  ipsmnces  in  which  they  appear  to  resemble  each  othrr. 
Those  who  argue  that  the  two  forces  arc  totally  incompa- 
rable both  in  their  nature  and  ctTocts,  support  thinr  hypo- 
thesis in  the  following  manner.  The  intensity  of  any  force 
is  very  properly  estimated  by  the  efk-ct  it  produces  in  a 
given  time  : but  the  effect  of  the  pressure  >s,  in  0 lime,  or 
an  infinitely  small  time,  is  nothing  wt  all ; that  is,  it  will 
nut,  in  an  infinitely  small  tiim*.  produce,  for  exampic,  any 
metion,  either  in  itself,  or  in^ny  other  body  : its  intensity 
therefore,  as  iu  effect,  is  infinitely  le  s than  any  the  smallest 
I'orce  of  percussion.  It  is  true,iiMccd,  that  wc  sec  motion 
and  other  considerable  cfiecti  prod  iced  b)  mere  pressure, 
and  to  counteract  which  ru^uiri-s  the  opposition  of  some 
considerable  f^cicussive  forctf : but  then  it  must  be  ob- 
ferved,  that  the  termer  has  been  an  infmitrly  longer  iiroe 
than  the  latter  in  producing  its  effect ; and  it  is  no  wonder 
in  mathematics  that  an  infinite  number  of  infinitely  small 
quantities  makes  up  a finite  one.  It  has  therefore  only 
been  fur  want  ofc<m^i«lcringthecircumstanceoftime,  that 
any  question  could  have  arisen  on  this  head.  Hence  it  is 
said  that  these  two  forces,  are  related  to  each  other,  only 
as  a surface  is  to  a solid  or  body  : by  the  motion  of  (he 
surface  through  an  infinite  number  of  points,  or  through  a 
finite  riglit  line,  a solid  or  body'is  gciu  rated  : and  by  the 
action  of  the  pressure  for  an  infinite  number  of  moments, 
or  for  some  finite  time,  a quantity  equal  to  a given  percus- 
sive force  IS  generated  : but  the  surfttce  itself  is  infinitely 
Jess  t)ian  any  solid,  and  the  pressure  infinitvly  less  than 
any  percussive  force.  This  point,  say  tlic),  may  be  easily 
illustrated  by  some  farailiar  instances,  which  prove  at  least 
the  enormous  disproportion  between  the  two  lorce«,  if  not 
also  their  alnoluic  iiicomparability.  And  fir^  the  blow 
of  a small  hammer,  u|>on  the  heitd  <if  a nail,  drive  the 
nail  into  a board  ; when  it  is  hard  to  conceive  any  weight 
so  great  as  will  produce  a likeeflect,  i.  e.  that  will  sink  the 
nail  AS  far  into  the  board,  at  least  unless  it  is  left  to  act  for 
a very  considerable  time  : and  even  after  the  greatest 
weight  has  been  laid  as  a pressure  on  the  head  of  the  nail, 
and  has  sunk  it  os  fur  as  it  can  as  to  sense,  by  remaining 
for  a lung  time  there  without  producing  any  farther  sen- 
sible effect;  let  the  weight  be  removed  from  the  head  of 
the  nail,  and  instead  of  it,  let  it  be  struck  a small  blow 
. with  a hammer,  and  the  nail  will  immrdiately  sink  farther 
into  the  wood,  .-\gain,  it  is  alv>  well  known,  that  a ship- 
carpenter,  with  a blow  of  his  mallet,  will  drive  a we<]ge  in 
below  the  greatest  ship,  lying  aground,  and  so  overcome 
her  weight,  and  lift  her  up.  Lastly,  let  us  consider  a man 
writh  a club  to  strike  a small  bail,  upwards  or  in  any  other 
direction  ; it  is  evident  that  the  ball  will  acquire  a certain 
determinate  velocity  by  the  blow,  suppose  that  of  10  feet  per 
second,  or  minute,  or  any  other  time  whatever ; now  it  is 
a law,  universally  allowed  in  the  communication  of  motion, 
that  when  different  bodies  are  struck  with  equal  forces,  the 
velocities  communicated  arc  reciprocally  as  the  weights  of 
the  bodies  that  arc  struck  ; that  is.  that  a double  b^y,  or 
weight,  will  acquire  half  the  velocity  from  an  equal  tdow; 
a body  10  times  as  groat,  one  lOtb  of  the  velocity  ; a body 
1t)0  times  as  great,  the  lOOlh  part  of  the  velocity ; abody 
a million  times  as  great,  the  millionth  part  of  the  velocity  ; 
aod  so  on  w itliuut  end  : whence  it  followri,  that  there  is  no 
body  or  weight,  how  great  soever,  but  will  acquire  some 
finite  degree  of  velocity,  and  be  overcome,  by  any  given 
small  finite  blow,  or  percussion. 


Thme  however  tbal  take  the  contrary  side  of  the  ques- 
tion ; in  answer  to  what  is  above  stated,  make  the  follow- 
ing reply.  We  do  not,  say  they,  contend  for  the  absoluto 
cdmpambility  of  percussion  and  pressure ; all  we  assert  is, 
tbal  the  re  are  instanerv  in  which  they  prod  uccsirnilar  effects, 
and  as  forces  can  only  be  compared  by  their  effects,  it  is 
improper  to  coosidor  them  as  absolutely  incongruous  : it 
is  true  that  percussion  is  a ruumentary  cause,  but  the  effect 
it  produces  is  not  instantaneous  ; thus  the  blow  of  a baro- 
I1KT  may  be  considered  as  acting  fur  an  indefinitely  small 
portion  of  time,  but  the  cflect  it  produces  can  only  be  com- 
plete after  a certain  finite  time;  and  if,  in  this  time.,  a q^-r- 
lain  quantity  of  pressure  will  prisducc  the  same  motion  in 
any  body,  then  it  follows  that  there  may  be  instances  in 
which  the  efiects  of  these  two  forces  are  equal,  and  conse- 
quently lhai  they  arc  comparable  with  each  other : and 
to  this  it  may  be  farther  addeil,  th^t  though  we  allow  per- 
cussion to  lie  an  instantaneous  force,  yet,  must  that  body 
by  which  it  is  communicated  have  Urn  in  motion  for  a 
certain  time,  in  unlcr  to  have  attained  the  velocity  with 
which  it  Strikes,  ami  to  which  alone  we  nllribuicils  supe- 
rior force;  there  seems  therefore  no  reason  why  pressure 
should  not  be  allowed  to  act  for  the  same  time  in  any  caaea 
when  we  are  comparing  the  cffecl  of  the  two  forces  with 
each  other.  In  fact,  the  difference  bi*lween  percussion  and 
pressure  seems  to  consist  in  this,  that,  in  the  latter  force, 
the  whole  m^s  of  the  body  is  acting  by  continual  and 
successive  impulw-s,  whereas  in  the  former,  these  rffurts, 
as  it  wert*.  aiv  all  collected  into  one  sum,  and  then  instan- 
taneously applied.  And  the  reason  why  they  do  not  pro- 
duce the  same  eflect  is,  that  when  any  resistance  to  roolioo 
is  made,  either  by  friction  or  otherwise,  a certain  force  b 
necessary  to  overcome  the  opposing  force,  before  any  ab- 
solute motion  can  ensue,  and  no  force  sliort  of  that  by 
which  the  body  is  opposed  will  produce  any  effl'Ct  what- 
ever, however  olicn  it  may  be  repeated  ; and  therefore, 
when  the  opposing  force  is  greater  than  the  pressing 
force,  no  motion  can  ensue;  but  the  momentum  of  the 
moving  body,  or  the  percussion,  biing  as  it  were  the  ac- 
cumulated sum  of  all  the  sticcessire  effoits  of  the  pressing 
body,  there  is  a suffiefeut  quantity  of  action,  first  to  over- 
come the  opposing  force,  and  the  overplus  is  then  em- 
ployed in  the  generation  of  motion.  It  is  therefore  to  this 
circumstance  that  we  must  attribute  the  apparent  incon- 
gruity of  percussion  and  pressure,  and  not  to  any  existing 
difference  in  the  nature  of  the  two  forces ; for  the  very 
same  cause  will  also  prevent  the  cohiparison  of  a greater 
and  less  percussive  force.  For  example,  after  a pile-engine 
has  been  employed  for  a certain  time  in  driving  a pile, 
until  its  action  upon  it  is  very  trifling,  it  would  b«  in  vain 
for  a man  with  a mallet,  to  endeavour  to  drive  •the  pile  an 
inch  lower,  because  be  could  not  produce  such  a momen- 
tum as  is  equivalent  to  the  resisting  force  acting  against 
the  pile,  and  consequently  it  would  remain  in  its  place, 
however  tong  his  efforts  may  continue,  fur  the  i ffect  of 
each  blow  ceases  Vrith  it,  and  none  of  these,  taken  singly, 
having  any  motion,  the  same  iv  true  whatever  may  be  the 
number  of  times  that  they  are  rcpe.i(cd;  hut  if  the  ram 
of  the  pile-engine  be  again  employ  id,  the  desired  eflect 
may  be  produced  : the  effect  of  this  last  then,  in  this  case, 
is  infinitely  greater  (ban  the  former,  yet  no  one  will  be 
bold  enough  to  assert  that  these  (wo  percussive  forces  are 
absolutely  Incomparable  on  this  account. 

Much  more  might  be  advanced  in  support  of  the  hypo- 
thesis, that  pressure  and  percussion  arc  not  incongruous 
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•n  ihetr  nature,  and  that  we  are  only  prevented  from  com- 
paring them,  or  their  efiecu,  by  certain  circunutancet  that 
ariMS  in  tire  application  of  the  two  forces  to  practical  pur- 
poses. 

'Fbc  nature  and  laws  of  percussion  have  been  investi- 
ftated  by  Ariitotle,  Galileo,  ^scartes,  Huygens,  ahd others* 
Aristotle  starle«l  the  idea  that  percussion  and  weight  are 
not  comparable ; and  most  nK^tms  have  acquiesced  in 
that  opinion. 

It  appears  that  Descartes  bad  some  ideas  of  the  laws  of 
percuMoo  ; tJiough  it  must  be  acknowledged,  in  some  cases 
perbapa  wide  of  the  truth.  The  first  who  gave  the  true 
laws  of  motion  in  non-elastic  bodies,  was  Doctor  Wallis, 
in  the  PKiloa.  Trails,  numb.  49,  where  he  also  shows  the 
true  cause  of  retiections  in  other  bodies,  and  proves  that 
they  proceed  from  their  elasticity.  Not  long  after,  tl^e 
celebrated  sir  Christopher  Wren  and  Mr.  Huygens  im- 
parted to  tl>e  Royal  Society  the  laws  that  are  observed  by 
perfectly  elastic  bodies,  and  gave  exactly  the  same  con* 
stroction,  thongU  each  was  ignorant  of  what  the  other  had 
done.  And  all  those  laws,  thus  published  in  the  Philos. 
Trans,  without  deimutstration,  were  afterwards'  demon- 
strated by  Ur.  Keill,  in  hU  Philos.  Lect.  in  1700;  and 
they  have  since  been  followed  by  a number  of  other 
authors. 

We  have  before  observed  that  in  percussion,  we  distin- 
guish at  least  three  several  hinds  of  bodies  ; the  perfectly 
iiard,  the  perfectly  soft,  and  tlie  perfectly  elastic.  The 
two  former  are  considered  as^ utterly  void  of  elasticity; 
having  no  force  to  separate  them,  or  throw  them  oflF  from 
each  other  again,  after  collisien  ; and  therefore  either  re- 
maining at  rest,  or  else  proceeding  uniformly  forward  to- 
gether as  one  body  or  mass  of  mailer.  The  laws  of  per- 
cussion therefore  to  be  considered,  are  of  two  kinds:  thoee 
for  clastic,  and  those  for  non-elastic  bodies.  * 

'Hie  ouc  only  general  principle,  for  determining  the  mo* 
tfons  of  bodies  from  percussion,  and  which  belongs  equally 
to  both  the  kinds  of  bodies,  i.  e.  both  the  elastic  and  non- 
elastic,  is  (his : vii,  that  there  exists  in  the  bodies  the  same 
momentum,  or  quantity  of  motion,  estimated  in  any  one 
and  tbc  same  direction,  both  before  tbe  stroke  and  after 
it.  And  this  principle  is  tbe  immediate  result  of  the  third 
law  of  nature  or  motion,  that  reaction  is  equal  to  action, 
bnd  in  a contrary  direction ; whence  it  happens  that  what- 
ever motion  is  communicated  to  one  body  by  tbe  action  of 
another,  exactly  tbc  same  motion  doth  this  latter  lose  in 
the  same  direction,  or  exactly  tbc  same  docs  the  former 
communicate  to  tbe  latter  in  the  contrary  direction.-^ 
From  this  general  principle  too  it  results,  that  no  altera- 
tion takes  place  in  the  common  centre  of  gravity  of  bodies 
by  tbeir  actions  on  one  another;  but  that  the  said  com- 
mon centre  of  gravity  perseveres  in  the  same  state,  whether 
of  rest  or  of  uniform  motion,  both  before  and  after  the 
shock  of  the  bodies. 

Now,  from  either  of  ibeae  two  laws,  vis^  that  of  (he  pre- 
servation of  tin  same  quantity  of  motion,  in  one  and  tbe 
same  direction,  and  that  of  the  preservation  of  (he  same 
state  of  thv  Centre  of-  gravity,  both  before  and  after  the 
shock,  all  the  circumstances  of  tbe  inotiona  of  both  the 
kinds  of  bodiea  alter  collision  may  be  estimated ; in  con- 
junction with  tbeir  own  peculiar  and  separate  constitu- 
tions, namely,  that  of  the  one  sort  being  elastic,  and  the. 
other  nonclastic. 

The  effects  of  these  different  constitutions,  berealludetl 
to,  are  these ; that  nonelaslic  bodies,  on  tbeir  shock,  will 


adhere  together,  and  either  remain  at  reel,  or  else  move 
together  as  one  mass  with  a common  velocity ; or  if  elastic, 
they  will  separate  after  the  shock  with  the  very  same  rela- 
tive velocity  with  which  they  met  each  other.  Tbc  for- 
mer of  these  consequences  is  evident,  vis,  that  nonelastic 
bodies  keep  together  as  one  mass  aflec  they  meet;  because 
there  exists  no  power  to  separate  them ; and  without  a 
cause  there  can  be  nocilect.  And  (he  latter  consequence 
results  immediately  from  the  very  definition  and  essence 
of  elasticity  itself,  beitt;  a power  always  equal  to  the  force 
of  compression,  or  shock;  and  which  restoring  force 
therefore,  acting  tbe  contrary  way,  will  generate  tbe  same 
relative  velocity  between  the  bodies,  or  the  same  quantity 
of  motion,  as  before  the  shock,  and  the  same  motion  also 
of  tbeir  common  centre  of  gravity. 


To  apply  now  the  general  principle  to  the  determioation 
of  tbc  motions  of  bodies  after  their  shock  ; let  a and  h be 
any  two  bodies,  and  v and  o their  respective  velocities, 
estimated  in  the  direction  ad  ; which  quantities  t and  a 
will  be  both  positive  if  the  bodies  both  move  towards  d, 
but  one  of  (hem  as  v will  be  negative  if  the  body  b move 
towards  a,  and  v will  be  s 0 if  tbe  body  h b<^  at  resL 
Hence  then  bv  m tbe  momentum  of  b towards  d,  and 
bo  is  tbe  momentum  of  b towards  d,  whose  sum  is  bv  ^ 
bo^  which  is  the  whole  quantity  of  motion  in  the  direction 
AD,  and  which  momentum  must  also  be  preserved  after 
the  impact. 

Now  if  the  bodies  have  no  elasticity^  they  will  move 
together  as  one  mass  b k after  they  meet,  with  some 
common  velocity,  which  call  y,  in  tbc  direction  ad; 
therefore  the  momentum  in  that  direction  after  tbesBoCk, 
being  tbe  product  of  tbe  mass  and  velocity,  will  be  (b  *4-  b) 
X y.  But  tbe  momenta,  in  the  same  direction,  before  and 
after  the  impact,  are  equal,  that  is  Bv  kg  s {B  4*  k)y ; 
from  which  equation  any  one  of  tbc  quantities  may  be  de- 
termined, when  (he  rest  are  given.  So,  if  we  would  6nd  tha 

common  velocity  after  the  stroke, It, will  bey  a: 

equal  to  (he  sum  of  the  roomemta  divided  by  tbe  sum  of 
the  bodies ; which  is  also  equal  to  the  velocity  of  tho 
.common  centre  of  gravity  of  the  two  bodies,  both  before 
and  after  the  collision.  'I'he  signs  of  the  terms,  In  this  value 
ofy,  will  be  all  positive,  as  observed  above,  when  the  bodies 
move  i»oth  the  sane  way  ad;  but  one  term  br  must  be 
made  negative  when  tbe  motion  of  b is  in  (he  contrary  di- 
rection; and  that  term  will  be  absent  or  nothing,  when  b 
is  at  rest,  before  the  shock. 

Again,  fur  the  case  of  clastic  bodies,  which  will  separata 
after  the  stroke,  with  certain  velocities,  r and  t,  vis,  x the 
velocity  of  b,  and  t tha  of  b after  the  collision, 

both  estimated  in  the  direction  ad,  which  quantities  will 
be  either  positive,  or  negative,  or  nothing,  according  to 
tbc  circumstances  of  tbe  masses  i and  k,  with  those  of 
(heir  celerities  before  the  stroke.  Hence  then  bx  and  ks 
are  the  separate  momcnia  al^er  tbe  shock,  and  bx  kc 
their  sum,  which  must  be  equal  to  tho  sum  bv  -t-  l>o  in 
the  same  direction  before  the  stroke:  aUo  s x is  the 
relative  velocity  with  which  (be  bodies  separate  after  (he 
blow,  and  which  must  be  equal  to  v — a the  same  until 
which  they  meet ; or,  which  is  tbe  same  thing,  that  v 4-  x 
a p 4-  s ; that  is,  the  sum  of  the  two  velocities  of  tbe  one 
body,  is  equal  to  the  sum  of  tho  velocities  of  the  other. 
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Ul(«n  before  and  after  the  stroke ; which  h another  re- 
markable iheuuiD.  Hence  then,  for  determining  the  two 
unknuaii  <|uan(ities  r and  z,  there  are  those  two  equations, 
via,  av  -*■  An  s BT  >+>  As, 
and  V — V a a — X ; 
or  V X a r s ; 

the  resolution  of  which  equaliorts  gives  those  two  vclocU 
lic»|  as  below, 

nhi  -r 

vir,  X a 


and  s a 


a -V  t 
8DV—  — 
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since  all  bodies  het  upon  one  another.  And  henre  also  it 
is  manifest,  Ihnt  the  common  cent  re  of  gravity  o|  i&o  whole 
solar  system  must  always  preserve  its  original  condition, 
whether  it  be  of  rest  or  of  uniform  motion  ; since  the  stale 
of  that  ceiiire  is  not  changed  by  the  mutual  nctions  of 
bodies  dn  each  uiher,  any  mote  than  their  (|uaniiiy  of 
njotiun,  in  one  and  the  same  directiun. 

What  may  have  UhI  authors  into  the  mistake  above 
alljded  to,  which  they  bring  no  proof  of,  seems  to  be  the 
dncowry  of  M.  Huygens,  that  the  sums  of  the  two  prrs> 
rliicis  arc  equal,  both. before  and  after  the  shock,  that  are 
inude  by  multiplying  each  body  by  the  square  ul  its  ve- 
locity, viz,  that  Bv^  s=  -f-  where  v mid  v 

arc  the  velocities  befori'  the  shuck,  and  x und  t the  velo- 
cities after  it.  Such  an  exprt^ssion,  namely  the  product  of 
t]tc  mass  by  the  square'  of  the*  velocity,  is  call^  the  vis 
viva,  or  living  force;  and  hence  it  has  been  inferred  that 
ih^'  whole  VIS  viva  before  the  shock,  or  nv  * -t-  Au',  it 
iiqiia)  to  that  after  the  stroke,  or  6r^;  which  is  iti- 

(U  i d very  true,  as  will  be  shown  ]m‘sently.  But  when  they 
hence  infer,  that  therefore  the  forct*s  of  bodies  in  motion 
are  us  the  squares  of  the  velocities,  and  that  tbere  is  nut 
same  quantity  of  motion  belwem  the  two  striking  bo- 
oies,  tMdb  brloire  and  after  the  shuck,  they  are  grossly 
niistakin,  ami  thereby  show-  ibnl  they  aro  ignorant  of  the 
true  derivation  of  the  equation  Bv*  ^ bp*  = nx* 

Kor  this  equation  is  only  a conswjuenoK  of  the  very  prin- 
ciple above  luui  down,  nnd  which  it  not  acceded  to  by 
{loise  authors,  viz,  that  the  qurjiiiiy  ol  motiun  isthesamo 
bviore  and  after  the  shuck,  or  that  bv  f At*  s bx  As, 
the  truth  ut  which  last  equution  they  deny,  because  they 
ihink  the  former  one  is  true,  never  considering  that  they 
may  he  both  true,  and  iiiucfi  less  that  the  one  is  a conse- 
quence of  the  oth<T,  ami  derived  from  it ; which  how- 
ever is  now*  found  to  be  the  case,  as  is  proved  in  (his 
loaaner : 

It  has  been  shown  (hat  the  sum  of  (he  two  momenta, 
in  the  same  direction,  bclute  and  after  the  stroke,  are 
equal,  or  (hat  bv  At*  =s  nr  As;  ami  also  that  the 
sum  of  the  two  velocities  of  (he  one  body,  is  equal  to  the 
sum  of  (hose  of  the  other,  or  that  v -t-  x = r z ; and 
it  if  now  prupoied  to  sho^v  (hat  fn*m  tlieie  (wo  equations 
there  results  the  third  equiiiion  bv'  ^ At*^  s bx'*  b:% 
or  (he  equation  of  the  living  forces. 

Now  because  Bv  •«-  Ar  = bx  Ac,  by  (ranipusition 
it  is  • - BV  — nx  = At  “ bv,  which  shows 

that  the  didurcnce  belw-ecn  the  two  monitmta  of  the  one 
body,  bi'fotc  and  after  (he  stroke,  is  equal  to  the  dille- 
rence  between  (hose  of  the  other  body  : which  i*>  another 
important  theorem.  Eut  now,  to  deriw*  the  eijualiuB  of 
the  vis  viva,  set  down  (hu  two  foii^uing  cquatnms,  nnd 
multiply  them  logviber,  so  shuil  the  products  give  the 
said  equation  required  : ‘thus. 

Nlult.  fiv  — ux  s Ac  — Ar,  the  dqual.  of  the  momenta, 
by  V -4-  X as  z -e  r,  the  cquat.  of  the  vclocUic'S, 

produc.  BV*  — ’bj^  as  is’  — Ap*, 

or,  BV*  -►  An'  = BX*  -I-  bf, 

the  very  equation  of  the  vis  viva  required.*  See  Keill's 
LecL  Philos,  sect.  14.  iheor.  2u,  ut  the  end.  And  fur  the 
geometrical  dclvrroiimtioua  afu-r  mqiact,  see  the  article 
Collision. 

When  the  elasticity  of  the  bodies  is  not  perfect,  but 
only  partially  so.  as  is  the  case  with  all  the  bodies  w-e 
know  of,  the  deteriniuatkm  of  the  motums  alter <oilision 


From  these  general  values  of  the  velocities,  which  are 
to  be  understor^  in  the  direction  ad,  any  particular  cases 
may  easily  be  drawn.  Ai,  if  the  two  hodie*  a aod  A be 
^qual,  then  b — A s 0,  and  B -e  A z=  ?n.  and  tlic  two 
velocities  in  that  case  become,  after  impiiNc,  x = r,  and 
t » V,  the  very  same  as  they  were  before,  but  chuiigv*d 
to  the  contrary  bodies,  i.  c.  the  bodies  have  taken  ctich 
others  velocity  (bat  it  had  before,  and  with  the  same  sign 
also.  So  that,  if  the  equal  bodies  were  before  both  moving 
the  same  way,  or  towards  o,  they  w ill  do  the  same  after, 
but  with  interchanged  velocities.  Eut  if  they  before  moved 
contrary  ways,  b towards  o,  and  A towards  a,  they  will  re- 
bound contrary  ways,  r back  towards  a,  and  A towards  d, 
each  with  the  other's  velocity.  And,  lastly,  il  one  bi»dy, 
as  A,  were  at  rest  belurc  the  stroke,  then  ih*i  otlu'r  d will 
beat  rdat  after  it,  and  A will  go  on  with  the  motion  that 
B bad  biToie.  And  thus  may  any  other  particular  cases 
be  deduced  from  the  hrsi  general  values  of  x and  z, 

. '^Vc  may  now  tonciude  this  article  with  some  remarks 
on  these  motions,  and  the  raiMaiu*s  of  tome  authors  con- 
cerning (hem.  And  tirst,  wc  observe  tfiis  striking  difference 
between  the  motions  that  are  communicated  by  elastic  and 
by  DuQclastic  bodies,  viz,  that  a nunelasnc  bod) , by  strik- 
ing, communicates  or  continues  exactly  its  wh^e  momen- 
tum in  the  direction  of  its  motion ; as  is  evident.  But  the 
stroku  of  nil  elastic  body  may  either  communicate  its  whole 
inoiion  to  the  body  it  strikes,  or  it  may  communicate  only 
a part  of  it,  or  it  n.ay  even  communicate  more  than  it  bad, 
so  to  apeak.  For,  if  the  striking  body  remain  at  rest  after 
the  stroke,  it  has  just  lost  all  its  motion,  and  tbercforc 
has  Communicated  all  it  had  ; and  if  it  still  move  forward 
in  the  same  direction,  it  has  still  some  motion  left  in  that, 
direction,  and  therefore  has  only  communicated  a part  of 
wbut  motion  it  had  ; but  if  the  striking  bmly  rebound 
back,  and  move  in  the  contrary  direction,  the  other  body 
bov  received  not  only  (he  whole  of  ibe  motion  that  the 
tirst  had,  but  aUo  as  much  mure  as  the  first  has  acquired 
in  the  contrary  direction. 

Il  has  bctti  denied  by  some  authors,  and  in  the  Eiicy- 
clopedi<‘,  that  the  same  quantity  of  motion  remains  after 
the  shuck,  as  befure  it  ; and  hynce  they  seize  on  opportu- 
nity to  reprehend  the  Cartesians  for  making  that  nssertion, 
which  they  ilo,  not  only  with  respect  to  the  case  of  two 
bodies,  but  also  of  all  the  bodies  in  the  whole  universe. 

And  )ot  noihing  is  more  true,  if  the  motion  bo  considered 
as  c»tim.\teU  always  in  one  and  the  same  dirccion,  ac- 
counting;  that  as  nefative,  which  is  in  the  contrary  or  op- 
posite direction.  For  it  is  a general  law  of  nature,  that 
uo  motion,  nor  force,  cun  be  generated,  nor  destroyed, 
nor  changed,  but  by  some  cause  which  must  produce  an 
equal  quantity  in  the  opposite  direction.  And  this  being 
Uie  case  in  one  body,  or  two  l>odi<s,  it  must  necessaiily 
be  the  case  in  ail  bodies,  and  in  tbc  whole  solar  system,  may  be  detenoiued  ina  Emilar  manner.  In  this  case  also 


I 
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the  &um  of  the  mureente  wiM  still  be  the  same,  both  bo 
furu  uuit  after  cul)t»ion,  but  (he  vclocitii'S  afu  r wHI  be  leu 
than  in  the  case  of  perf^'ct  elasticityi  in  the  ratio  uf  the 
impcrfectiuii.  lienee,  with  the  same  notation  as  befons 
the  two  liquations  will  now  be  ov  >«-  a ax  -t>  6jr,  and 

V — o ss  — (y  — x),  where  w to  n denotes  the  ratio  of 

perfect  to  iiuporfcct  elasticity.  And  the  resolution  of 
Uu'sc  two  equaiioiis,  give  the  following  valutas  of  x andy, 

. m+n 

Tia,  X SE  V — . * (v  — XI,  V = r . 

* mU  + fr^  m 

(v  — f),  for  the  velocities  of  the  two  bodies  after 

impact,  in  the  case  of  imperfect  elasticity ; which  would 
become  the  same  as  the  former  if  n were  = m. 

lienee,  if  the  two  bodies  b and  h bo  equal,  then 

X — V ^ (v  - r),  and  y = » -».  (v  - e), 

where  the  velocity  lost  by  b is  just  equal  to  that  gained 
by  b.  And  if  in  this  case  b was  at  rest  before  the  impact, 
.via  9 = 0,  then  the  resulting  motions  would  be 

nt  — M , m4-ir  .* 

X = - --  V,  and  y v,  which  arc  in  tbe  ratio  of 

i*«  am  ’ 

ai  — n to  m a.  • 

AUo,  if  flissN,  or  the  bodies  perfectly  elastic,  then 
X s 0,  andy  s:  v;  that  is,  b would  be  at  rest,  and  b go 
on  with  the  hrst  motion  of  b. — Further,  in  Uiis  case  also, 
tbe  velocity  of  d before  tim  impact,  is  to  timt  of  6 after  it, 

as  V to  ““  '•f  Of  to  m n.  But  if  the  bodies  be 

now  supposed  to  viGraie  in  circles,  as  penduiuros,  in 
which  case  the  chords  (c  and  c)  of  the.  arcs  described,  are 
known  to  be  proportional  to  the  velocities;  then  it  will 
bc2«:»i-t-B::c:c;  hence  m : a : : c : 2c  — c.  So 
that,  by  measuring  these  chords,  of  the  arcs  thus  experi* 
iDCJitally  described,  the  ratio  of  m to  a,  or  the  degree  of 
elasticity  in  the  bodies,  may  bo  determined. 

Centre  <(f  Flrcusbiov,  is  the  point  in  which  tbe  shock 
or  impulse  of  a body  which  strikes  another  is  the  greatest 
that  it  can  be.  See  Crntrv..— The  centre  of  percussion 
is  tbe  same  us  the  centre  of  oscillation,  when  the  striking 
body  moves  round  a d.vcdaxis.  See  Oscillation. —But 
if  all  the  parts  of  the  striking  body  move  with  a parallel 
motion,  and  with  tbe  same  velocity,  then  the  centre  of 
percussion  is  the  same  as  llie  centre  of  gravity. 

PKUFKCT  Nu.WfiER,  is  one  that  is  equal  to  the  sum 
of  all  its  aliquot  parts,  when  added  together.  Eucl.  lib.  7* 
def.  22.  As  the  nuinlKT  which  is  s 1 2 ■»>  S, 

the  sum  of  all  its  aliquot  parts ; also  28,  for 
tig  s 1 2 4 4*  7 14,  tbe  sum  of  all  its  aliquot  parts. 

—It  is  proved  by  Euclid,  in  the  last  prop,  of  book  ihcpiii, 
(hat  if  the  common  gi'omrirical  series  of  numbers  1,  2,  4, 
8, 16*,  32,  &c,  be  cbiilinued  to  such  a number  of  terms,  as 
that  the  sum  of  the  said  series  of  terms  shall  be  a primb 
number,  then  the  prmluctof  ibis  sum  by  the  last  term  of 
the  series  will  be  a q»erfoct  number.  The  same  rule  may 
be  otherwise  expresseil  thus:  If  a denote  the  number  of 
terms  in  the  given  si*rics  I,  2,  4,  8,  &c;  then  it  is  well 
known  that  the  sum  of  all  the  terms  of  the  series  is  2*  — 1 , 
and  it  IS  evident  that  the  last  term  is  2*  : consequently 

the  rule  becomes  thus,  via,  2*'*  x (2*  — 1)  2 aperfcct 
number,  whenever  2”  — 1 is  a prime  numbor. 

Now  the  sums  of  one,  two,  three,  four,6cc,  terms  of  tfio 
senes  1,  2,  4,  8,  6(c,  form  the  series  1,  3,  7*  15,  Jl,  Ato; 
so  that  the  number  will  be  ibaod  perfect  wheoerer  tbe 


corresponding  term  of  this  series  js  a prime,  as  I,  3,  7^  3 1 
Acc.  Whence  the  table  of  perfect  numbers  may  be  foun  I 
and  c.vhibited  as  follows;  where  the  1st  column  sho\<s 
the  number  of  terms,  or  the  value  of  a;  the  2d  column  is 
the  lui  lerin  of  the  series  1 , 2, 4,  H;  Ac,  and  is  expressed 
by  2*"';  the  3d  column  contains  {he  curresponding  suras 
of  the  said  series,  or  the  valuc>  of  the  quaioily  2 ■ — 1 ; 
which  numbers  in  this  3d  column  arc  easily  constructed 
by  adding  always  the  la<>t  number  in  tint  column  to  tbo 
next  follnwing  number^in  the  2d  column  ; and  lastly #hc 
4lli  column  shows  the  correspondent  perfect  mimben,  or 
the  values  of  2*“'  » (2"  ~ I),  the  product  of  the  num- 
bers ill  (he  2d  and  3d  columns,  when  2*  — 1,  or  the  num- 
Ut  in  the  3d  column,  is  a prime  number ; the  products  in 
tbe  other  cases  being  omiUeiK  os  nut  perfect  numbers. 


V’nlues 
of  a 

Values 
of  2— 

Vaturs 
of  2"  - 1 

, Perf.  Numbers,* 
or2""'  X (2*  — 1) 

1 

1 

1 

1 

2 

3 

e 

3 

4 

7 

15 

31 

28 

i . 

X6 

4<)6 

6 

32 

63 

- 

7 

127 

8128 

llencc  the  first  lour  perlect  numbers  arc  found  to  be  5, 
28,  496,  8128;  and  thus  the  table  might  be  cootinurdsto 
find  others;  but  tbe  trouble  would  be  very  great,  for  want 
of  a general  method  to  distinguish  which  numbers  arc 
primes,  as  the  case  requires.  Several  learned  mathemati- 
cians have  .endeavoured-  to  facilitate  this  businm,  but 
hitherto  with  only  a small  degree  of  effect.  After  the 
foregoing  four  perfect  numbers,  there  is  a longinterval  be- 
fore any  more  occur.  Ihc  first  eight  arc  as  follow,  with 
the  factors  and  products  which  produce  them;  being  all 
the  primes  that  arc  yci  known. 


The  fini  peif.ct  nuibben.  • 

6 - e - . 

28  - - 
+;iG  - - 

8128  • - . . 

33ji0336  - 
838986<K>56 
137^386'<)I328  - 

S305843UO8l399iSI28 


Tbetmiuc 
= (2*  - 1)  2 
= (2»  - 1)  2* 
= (2*  - I)  2* 
=F  (2’  - 1)  2‘ 

= (2'>  - I)  2'* 

a:  (2i>  _ I)  2.. 
= (2"  - 1)  2** 
= (2>‘  - 1)  2>« 


See  ic.eral  cnn»ider«ble  iwcis  on  the  tubjvct  of  perfect 
nuraben  in  iho  Memoin  of  the  Pelt  r.butjt  Arndcmy,  vol. 
2 of  tbe  new  vols,  and  in  la.eral  other  volume.. 


PF.RIttiCI.  See  PEitid'ci. 

PERIG.EUM,  or  Pf-rjc^lk,  is  that  point  of  the  orbit 
of  the  sun  or  moon,  which  is  the  iu‘are>l  to  the  canh.  In 
which  sense  it  stands  opposed  to  apogee,  whicii  is  the  most 
distant  point  from  the  earth. 

Pebigee,.  in  the  Ancient  Astronomy,  denotes  a point' 
in  a planets  orbit,  where  the  centre  of  iu  epicycle  i>  al  the 
least  ilikiance  from  the  earth. 

PERIHELION,  Peiurilivm,  that  point  in  the  orbit 
of  a planet  or  comet  which  is  nearest  to  the  sun.  In 
which  sense  It  stands  opposed  to  aphelion,  or  apheliua. 


Di 


P H R 


J*  E R C >74 

wUicU  is  the  highest  or  roost  distant  point  from  the  sun. 
Instead  of  this  term,  the  iincicnft  used  pengcuin  j because 
they  placed  ihe  earth  in  the  centre, 

PKKIMETkU,  m Geometry,  the  ambit,  limit,  or  outer 
bounds  of  a plane  figure;  being  the  sum  of  all  the  lines  by 
which  it  iv  inclosed  or  .formctl.  In  circular  figures,  &c, 
instead  of  this  term,  the  word  circumtcrence  or  periphery 
If  used. 

PhRIOl),  in  Astronomy,  the  lime  in  which  u star  or 
pliAcl  makes  one  rcvolutic  n,  or  rciurns  again  to  the  same 
point  in  the  heavens.  The  sun's,  or  proprrl)  the  earth's 
tropical  period,  is  365  days  5 hours  48  minutes  45  seconds 
30  thirds.  That  of  the  mntin  is  'XI  days  7 hours  43 
minutes.  That  of  the  other  planets  as  below.— There  h a 
reroarkabic  harmony  between  the  distances  of  the  planets 
from  the  sun,  and  their  peru>ds  round  him;  the  great  law 
of  which  is,  that  the  sqgares  of  the  periodic  tiroes  are  al- 
ways proportioaal  to  the  cubes  of  their  mean  distances 
from  the  sun. 

‘ The  periods,  both  tropical  and  sidereal,  with  the  pro- 
poriions-of  the  mean  distances  of  the  several  planets,  arras 
follow:  , 


PUdcw. 

Trofhctl  PrrW>d«. 

Skiwesl  Periodt. 

Pmp«Xt. 

* Diiti. 

Mercury  - - 

87'  as'  14' 

87' 23*'  IS^ 

36710 

VerfUs  - . - 

224  16  42 

224  16  49 

72333 

Earth  - - - 

365  5 49 

365  6 9 

lOtXlOO 

Mart  - - - 

686  22  18 

686  23  31 

152369 

Voja  - - - 

- - - 

- - 

235513 

Juno  - - - 

. - - 

- - - 

266400 

1682 

... 

276500 

Ceres  - - - 

1681 

- - 

276700 

Jupiter  - - - 

4330  8 58 

4332  8 51 

520110 

Saturn  - - • 

10749  7 22 

10761  14  37 

953600 

Uranus  - • - 

30456  1 41 

... 

19O8I8O 

J 

this  does  not  restore  the  new  and  full  moons  to  the  u^me 
day  throughout  the  whidc  (x  riod  : they  are  sometimes  an- 
ticipated 8*‘  23™  ‘29*  20  ih'rds. 

Juttan  Period,  so  ciUted  as  being  adapted  to  the  Julian 
year,  is  a senes  of  79^0  Julian  yean;  arising  from  the 
jnuliiplicatiousbf  the  c\cles  uf  the  sun,  moon,  and  indic- 
tion together,  or  the  numliers  28,  19>  >5 ; Commencing  on 
the  1st  day  o(  January  in  the  7(s4th  Julian  year  before  the 
creation,  and  therefore  is  not  yet  compIcliMl,  This  conj- 
prcbcuds  all  other  cycles,  periods,  and  epochs,  with  the 
times  of  all  rntmomble  actions  and  histories;  and  lherr> 
fore  it  is  not  only  the  most  general,  but  the  most  useful  6f 
all  peri  ids  in  chronology. 

.Ka  cvcryyear  uf  thrJulian  |>eiiod  has  iu  particular  solar, 
lunar,  and  indiction  cycles,  and  no  two  yi'iirs  in  it  can 
have  all  these  three  cycles  the  same,  every  yi-ar  of  this 
period  becomes  accurately  distinguished  from  another.— 
This  pt'riod  was  invented  by  Joseph  Scaliger,  as  contain- 
ing all  the  other  epechs,  to  facilitate  the  reduction  of  the 
years  of  one  given  epoch  to  those  of  another.  It  agrees 
with  the  Constanlinnpoliian  perioii,  used  hy  the  Greeks, 
cxa  pi  in  this,  that  the  cycles  of  the  sun,  moon,  and  indie- 
lion,  arc  reckoneil  differently;  and  that  the  first  year  of 
the  Constantinopoliian  period  differs  from  that  of  the  Julian 
perioil.  To  find  the  year  answeiiiig  to  any  given  year  of 
the  Julian  period,  and  vice  versa;  sec  Epoch. 

Mctonic  Periou.  See  CvfLE  qf  the  yfoon. 

ytetorim  Period,  an  interval  of  532  Julian  years  ; at 
the  end  of  which,  tlie  new  and  full  tnouns  return  again  on 
the  same  day  of  the  Julian  year,  according  to  the  opinion 
of  the  inventor  Victorinus,  or  Victorius,  who  lived  in  the 
time  of  pope  Hilary,  borne  ascribe  this  period  to  Diony- 
sius E.xiguus,  and  bonce  they  call  it  the  Dionysian  period: 
others  againcail  it  the  Grt*at  Paschal  Cycle,  because  it  was 
invented  for  computing  the  time  of  Eiuter. 

The  V'ictorian  p<*riod  is  produced  by  multiplying  the 
solar  cycle  28  by  the  lunar  cycle  19,  the  product  being 
532.  But  neither  does  this  restore  the  new  and  full  moons 


As  to  the  comets,  the  period*  of  very  few  of  them  arc 
known.  There  is  one  however  of  between  75  and  76  yean, 
which  appeared  for  the  last  lime  in  1759;  another  was 
supposed  to  have  its  period  of  12,9  years,  which  was  ex- 
pected to  appear  in  1789  or  1790.  but  it  did  not;  and 
the  comet  which  appeared  in  1680  it  is  thought  hat  its 
period  of  575  years.. 

Period,  in  Chronology,  denotrs  an  epoch,  or  interval 
of  time,  by  which  the  years  arc  reckoned  ; or  a scries  of 
years  by  which  time  is  measured,  In  different  nations, 
buch  are  the  Calippic  and  Metonic  Periods,  two  Jifferent 
corrections  of  the  Greek  calendar,  the  Julian  Period,  in- 
vented by  Joseph  Scaligcr ; the  Victorian  Period,  &c. 

Calippic  Period.  Calippic  Period, 

ConatantmopoHtan  Period,  is  that  used  by  the  Greeks^ 
and  is  the  same  as  the  JvUan  Period,  which  see. 

Choldaie  Period.  See  Saros. 

Vinnytian  Period.  Sec  rkfonan  Period. 

HiffMrckttii  Period,  is  a stories  or  cycle  of  304  solar 
years,  returning  in  a constant  round,  and  restoring  the 
Dew  and  full  moons  to  the  same  day  ol’  the  solar  yt^ar; 
Hipparchus  thought.— This  period  arises  by  multiplying 
4he  Calippic  period  by  4.  Hippnrchusassuroed  the  quan- 
tity of  the  solar  year  to  be  365^  5**  55“  12*;  and  hence  he 
concluded,  that  in  304  yean  Calippus’s  period  would  err 
a whole  day.  He  therefore  multiplied  the  period  by  4, 
and  from  the  product  cast  away  an  entire  day.  But  even 


to  the  same  day  throughout  its  whole  duration,  by  i6^ 
58“  59*  40  thirds. 

Period,  in  Arithmetic,  is  a distinction  made  by  a 
point,  or  a comma,  after  every  6tU  place,  or  figure;  and  is 
used  in  numeration,  for  the  readier  distinguishing  and 
naming  the  several  figures  or  places,  which  are  thus  dis- 
tinguished into  periods  of  six  figures  each.  SccNtme- 

RATIOW. 

Period  U also  used  in  arithmetic,  in  the  extraction 
of  roots,  to  point  off,  or  separate  the  figures  of  the  given 
number  into  periods,  or  parcels,  of  as  many  figures  each 
as  are  expressed  by  the  d^ree  of  the  root  to  be  extracted, 
via,  of  two  places  each  for  the  square  root,  three  for  the 
cube  root,  and  so  on. 

PERIODIC,  or  Periodscal,  appertaining  to  {leriod, 
or  going  by  periods.  Thus,  the  periodical  motion  of  the 
moon,  is  that  of  her  monthly  period  or  course  about  the 
earth,  called  her  periodical  month,  containing  27  days  7 
hours  4.5  minutes. 

Periodical  5/onM.  SeeMoxTn. 

PF.RKECI,  or  Perkzciavh,  in  Geography,  are  such 
as  live  in  opposite  points  of  the  same  parallel  nf  latitude. 
Hence  they  have  the  same  seasons  at  the  same  time,  with 
the  same  pbeaoroeDa  of  the  heavenly  bodies;  but  their 
times  of  the  day  are  opposite,  or  differ  by  12  hours,  being 
noon  with  the  one  when  it  is  midnight  with  the  other. 
PERIPATETIC  PkiU^aof^f^y^  ihc  system  of  philosophy 


PER 
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(aught  and  «itobllsb«d  hy  Aristotle,  and  maintaiaed  by  bia 
fuUowers,  the  Peripatetics.  Sve  AaiSTOTLk.  * 

PERIPATETICS,  the  followers  of  AiistutiL'.  Though 
some  derive  their  establishment  from  Plato  himself,  the 
master  of  both  Xennenuesand  Aristotle. 

PERIPHERY,  in  Geometry,  is  the  circumference,  or 
LoutKling  line,  of  a circle,  ellipse,  or  other  regular  curvi« 
lineal  hgure.  S< c ClKCUMFERi.>(^E,  and  ClhCLC. 

PKRISCll,  or  Peuisciavs,  lho»e  inhabitants  of  the 
earth,  whose  shadows  do,  m one  and  the  same  day,  turn 
quite  round  to  all  the  points  of  the  compass,  without  dis* 
appearing. — Such  are  the  inhabitants  of  the  two  ftozeii 
sunes,  or  who  live  within  .the  compass  of  the  arctic  and 
antarctic  circles  ; for  as  the  sun  never  sets  to  them,  after 
he  is  once  up,  but  moves  quite  round  about,  so  do  their 
shadows  also. 

PEKIbTYt.E,  in  the  ancient  Architecture,  a place  or 
building  encompa«se<l  with  a row  of  columns  on  the  inside ; 
by  which  it  is  dMiinguished  from  the  periplcre,  where  the 
Columns  are  disposed  on  (he  outside. 

PsaisrTLF.  is  also  used, by  rabdern  writers,. for  a range 
of  columns,  cither  within  or  without  a building. 

PEIUTROCHIUM,  in  Mechanics, isa  wheel  or  circle, 
concentric  with  the  base  of  a cylinder,  and  moveable  to> 
gr'ther  with  it,  about  an  axis.  The  axis,  with  the  wheel, 
and  letrcrs  fixed  in  it  to  move  it,  make  that  mechanical 
power,  called  AxUm  Ffritrodiio, 

PERMUTATIONS  q/* iiuaniiiiet,  in  Algebra,  denotes 
the  different  orders  in  which  any  quantiiU's  may  be  ar- 
ranged ; thus,  the  permutation  of  the  three  quantities, 
a,  b,  c,  taken  two  iind  two  together,  *are  six  ; as,  ab,  ba, 
aCf  cu,  be,  cb ; being  thus  distinguished  from  combinations, 
which  only  ndate  to  the  different  collection  of  quantities 
without  regard  to  their  order,  so  that  the  combinations  of 
the  above  three  quantities  are  only  three,  as  ab,  ac,  be. 
Therefore,  having  found  the  nuniber  of  combinations  of 
any  number  of  things,  we  must  then  find  tlie  number  of 
permutations  that  any  one  combination  will  admit  of,  and 
the  product  of  the  two  will  ^ the  number  of  p<-rmuia- 
tiun.  Or  the  number  of  permutation  (p)  of  any  numlirr 
(a)  of  things,  laken  an)  nuniber  (r)  at  a lime,  mny  be 
obtained  from  the  following  general  formuin,  or  theorem, 
p=:iix(n~I)k  (a  — C)  x (a  — 

(m  — r — 1),  while  the  nurobers  of  combinations  (c)  of 
the  same  things,  taken  the  same  number  at  a time,  will 
be  repri-senled  by 

n H /w  — O V fa  — ?)  X — a)  . . - . fw  r — i) 

^ I X 9 X ^ 5 » 

From  the  foregoing  theorem  it  appears,  that  the  number 
of  permutations  or  changes  that  can  be  made  u|>on  any 
number  (a)  of  things  taken  together,  that  is,  without 
considering  them  as  taken  a certain  number  at  a lime,  us 
the  number  of  changes  that  may  be  made  on  a given  number 
of  bells,  &c,,will  be  expressed  by  th^  continuetl  product 
n X (is  — I ) X (a  — 2)  X (fi  — 3)  Arc,  - - - - . (a  — 
n -»•  1);  and  thus,  the  number  of  changes  that  may  be 
rung  oti  12  bells  will  be  found  to  be  expressed  by  the 
number  47900|60#. 

When  there  are  a certain  number  of  things  of  oneaort, 
ami  a certain  number  of  another,  &c,  to  find  the  number 
qf  changes  that  can  be  made  out  of  them  all. 

Take  the  series  I x 2 x 3 x 4 dre,  up  to  the  number 
of  things  given.  Also  the  series  1 x 2 x 3&c,  up  to 
the  numlx  r of  things  given  of  the  6rst  sort,  and  the  same 
again  for  the  number  of  the  second  sort,  Arc ; (heo  tha 


first  product  ^divided  by  tbc  joint  products  of  the  laar 
senes  will  give  the  answer.  Or  callii^  n tbe  whole  num- 
ber of  things  ; r,  t,  r,  ficc,  the  number  of  each  sort,  and  » 
tlte  number  of  permutatiuns  required,  we  shall  have 
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(I  X i X 8 . . X (I  X a x a . . jJ  m x a x a . . i> 

But  if  in  this  lut  problem,  instead  of  supposing  ^hc 
jwrmuiatious  to  lake  place  among  the  namb^  of  things 
taken  collectively,  it  was  required  to  find  tbe  number  of 
permutations  of  the  same  things,  taken  any  given  number 
of  things  at  a lime,  the  operation  is  more  tedious;  and 
indeed  the  best  rule  that  has  yet  been  given  for  it,  is  little 
better  than  mere  trial,  being  as  follows^ — Find  all  the  dif- 
ferent forms  of  combination  of  all  tbc  given  things,  taken  as 
many  at  a timeas  in  the  question  ; then  find  the  namber 
of  permutations  in  any  form,  and  multiply  it  by  the  num- 
ber of  combinations  in  that  form.  Do  the  same  for  every 
distinct  form,  and  (he  sum  of  all  tbe  products  will  give 
the  whole  number  of  permutations  required. 

But  when  only  tbc  number  of  combinations  are  re- 
quired us  in  the  toilowing  question:  To  find  the  number 
of  combinations  that  can  be  formed  out  of  a given  numlwr 
of  things,  in  which  there  are  m things  of  one  sort,  a things 
of  another  sort,  p things  of  another  sort,  dec,  by  taken  1 
at  a time,  2 at  a time,  &c,  to  any  given  number  of  things 
at  a lime.  Then  we  have  a very  simple  rule  which  was 
given  in  No.  103  of  Nicholson's  Philosophical  jSurnal;  as 
follows, 

Place  in  a horizontal  row  m 1 units,  annexingeipfaors 
on  the  right  hand,  till  tbe  whole  number  of  units  and 
ciphers  exceeds  the  greatest  number  of  things  to  be  taken 
at  a time  by  uiiity.  * 

Under  each  of  these  terms  write  the  sum  of  the  n I 
left-hand  terms,  including  (hat  os  one  of  them,  under 
which  the  number  is  placed;  and  under  each  of  these 
write  the  sum  of  tbe  p I left-hand  terms  of  the  lest  line : 
and  under  each  of  these  last  the  9 ^ 1 Irfl-hami  terms, 
and  so  on  through  all  the  number  of  different  things  ; then 
the  last  line  will  be  (he  answer  : that  is,  the  second  term 
shows  (he  number  of  combinations  taken  J al  a time,  the 
third  term  the  number  of  combinations  taken  2 at  a 
time,  Ate. 

PERPENDICULAR,  in  Geometry,  or  Normal.  One 
line  U perpendicular  to  another,  when  the  former  meets 
the  latter  so  as  to  make  tbe  angles  on  b<ffh  sides  of  it  equal 
to  each  other.  And  those  angles  arc  called  right  angles. 
And  hence,  to  be  perpendicular  to,  or  to  make  right- 
angles  with,  means  one  and  the  same  thfiig.  So,  when 
the  angle  ARC  is  equal  to  the  angle  ' 


A Ri>,  the  line  a a is  said  to  be  perpen- 
dicular, or  normal,  or  at  right  angles 
to  the  line  CO. 

A line  is  perpendicular  to  a curve, 
when  it  is  {MTpendicular  to  the  tan- 
gent of  the  cune  at  the  point  of  con- 
tact. 

A line  is  perpendicular  In  a plane, 
when  it  is  perpendicular  to  every  line 
drawn  in  the  plane  through  the  bottom  of  the  perpendi- 
cular. And  one  plane  is  perpendicular  to  another,  when 
every  line  in  the  one  plane  which  is  perpendicular  to  the 
line  of  their  common  section,  is  perpendicular  to  ibt 
other  plane. 

From  the  very  principle  and  notion  of  a perpendicular, 
it  follows,  1.  That  the  perpendiculnriiy  is.  mutual,  that 
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is  if  the  first  a n i«  perp*»n<lku!ar  to  the  second  CD,  iheo 
is  the  second  perpendicular  to  the  first.— ‘2.  That  only 
one  po^p^m)icular  tmi  be  drawn  from  one  pi»ml  m the 
same  plane,— d.  That  if  a perjamdicuUr  be  continued 
tUrmigh  the  line  it  was  drawn  perpendicular  b/ ; the  con- 
tinuation de  will  also  be  iicr^ndicuhir  to  the  same.  ‘ 


relating  to  bis  new  design  of  establishing  a fleet,  making  hit 
riven  navigable,  &c.  His  Hilary  in  this  service  was  to  be 
3001.  per  aimuni,  besides  travelling  expenses  and  lubsis- 
lencc  money  on  whatever  service  he  should  be  employed, 
with  a further  reward  to  his  sAtisfuction  at  the  conclusion 
of  any  work  he  should  finish. 


ThjU  a line  which  i».|wrj)*ndicular  to  am  ilicr  line,  i>  also  Alter  K>me  conver»aii«n  with  the  ciar  him«-lf,  parti 
ar  to  all  the  pnrallcU  of  the  oll.cr.— 4.  'I  hat  cnlarly  respecting 

r . 1-  « ■ l*  S.*.  ! I k 


mnunication  bciwt'cn  the  rivers 


Dcrnendicular  to  all  the  pnmlleU  of  the  other.— 5.  I hat  enmny  respecinig  a cj|nw 
a perpendicular  is  the  shortest  of  all  those  lines  which  Volga  and  Don,  be  was  employed  on  that  work  for  three 
ran  be  drawn  from  the  same  point  to  the  same  right  line,  summers  succtssjvi  ly  ; but  not  being  well  supplied  with 

men,  partly  on  account  ol  the  ill  success  of  Peter’s  anus 
against  the  Swedes  at  the  battle  of  Narva,  and  partly  by 
the  discourBgcmcnl  of  the  governor  of  Ai.lrucan,  lie  was 


Hence  the  distance  of  a point  fiom  a line  or  plane, 
line  drawn  from  the  point  pi'rpendicnlar  to  the  line 
or  piano:  and  hence  also  the  altitude  of  a figure  is  a per- 
pendicular let  fall  from  the  vertex  to  the  base. 

ToaErret  a Per^iendicnlar  from  a glwn  point  in  a liiu*. 
—1.  When  the  given  point  i$  is  near  the  ruiddle  oftbe  line; 
wiih  any  interval  in  the  compasses  lake  the  two  equal 
parts  BC,  B»:  and  from  the  two  centres  c and  D,  with 
any  radius  grcoU*r  than  bc  or  bu,  strike  two  arcs  inter- 
secting in  F ; then  draw  bfa,  which  will  bc  the  perpemli- 
cular  required.  I 

When  the  given  point  o is  at  or  near  the  end  of  the 
line;  with  any  centre  i and  radius  to  describe  aii  arc 
iioK  through  c» ; then  a ruler  laid  by  it  and  i w ill  cut  the 
arc  in  the  point  K,  through  which  the  pcrpendiculai  ok 
must  bc  drawn. 


x:o 


. To  let  fall  a Perpendicular  upon  a given  line  LM  from  a 
given  point  M.  With  the  cenirc  K,  and  a con'cnienl  radi- 
us, describe  an  arc  cutting  the  given  line  in  l and  m ; with 
these  two  centres,  and  any  other  convenient  radius,  strike  it  to  his  shield;  and  after  many  other  great  exploits  he 
two  other  arcs  intersecting  in  o,  the  point  through  which  rescued  Andromeda,  the  daughter  of  Cassiopeia,  whom 


ordered  at  the  end  of  1707  to  slop,  and  next  jear  was 
employed  in  refitting  the  ships  at  Veronisc,  and  in  1709 
in  making  the  river  of  that  name  navigable.  But  alter  re- 
peated disappointments,  and  fruiiUiis  applications  for  his 
salary,  he  at  length  quitted  the  kingdom,  under  the  pm- 
teciiun  of  Mr,  Wnilwortii,  the  Lnglish.  ambassador,  in 
1712.  (See  his  Nairative  in  the  Preface  to  'i  be  Slate  of 
Hussta.)  • 

In  1721  he  was  employed  in  stopping  the  breach  at 
Dageiibatn,  ina<k‘  in  the  bank  of  tlK*  river  Thaniee,  near 
the  village  of  that  name  in  Esm-'X,  and  about  3 miles  below 
Woolwich,  ill  which  he  happily  succeeded,  after  several 
other  pemH'v  had  faded  in  that  undertaking.  He  was  also 
employed,  the  same  year,  about  the  harimur  at  Dublin, 
ami  published  at  that  lime  an  Anvwer  to  the  objegiions 
made  against  it.— Besides  this  piece,  Captain,  Perry  was 
author  of  The  Slate  of  Uu&sia,  171^.  and  An  Ac- 
count of  the  Stoppii^  of'  Dagenham  Breach,  1721,  8vu.— 
He  died  Feb.  lllh,  1/33.  * 

PERSEl'S,  a constellation  of  the  northern  hemisphere, 
being  one  of  the  48  ancient  asterisms.— '1'lie  Greeks  i'ublid 
that  this  is  Pcrn'us,  whom  they  make  the  son  of  Jupiter 
by*  Danae.  I'br  father  of  that  lady  bail  been  told,  tiiut  ho 
should  bc  killed  by  his  grandchild,  and  having  only  Danau 
to  take  care  of,  he  locked  her  up  ; but  Jupiter  found  his 
way  to  her  in  a shower  of  cold,  and  Perseus  verified  the 
oracle.  He  cut  off  also  the  bead  of  the  gurgon,  and  Hfiixed 


the  perpendicular  nop  must  be  draw  n. 

Perpendiculars  arc  best  drawn,  in  practice,  by  meami 
of  a square,  laying  one  side  of  it  along  the  given  line,  and 
the  other  to  pass  through  the  given  point. 

PEaFENDicoL.vn,  in  Gunnery,  is  a small  instrument 
used  for  finding  the  centre  Hue  of  a piece,  in  the  operation 
of  pointing  it  to  a givtn  object.  Sec  Poihting  qf  a OuN. 

PcHPETOAL  Median,  See  Motion. 

C»rc/e  qf  Pe  R pet  f a l OccuUalion  and  ApparUhn.  See 
Circle. 

Perpetual,  or  Endleif^  Srreu?.  See  Screw. 

PEUPETUITV,  in  Uio  Doctrine  of  Annuities,  U the 
’ number  ofyeqrs  in  which  the  simple  interest  of  any  prin- 
cipal sum  will  amount  to  the  same  as  the  principal  itself. 
Or  it  is  the  quotient  arising  by  dividing  100,  or  any  other 
principal,  by  itslntcrest  for  one  year.  'I'hus,  the  perpe- 
tuity, i the  rate  of  5 per  cent,  interest,  is  =20;  at 
4 per  Cent.  ■**^'®  = 25  ; Arc, 

1‘LUKY  (Captain  John),  was  a ceUbnited  English 
engineer.  After  acquiring  great  reputation  for  bis  skill  in 
this  country,  he  resided  many  years  in  Ru*»ia.  having 
been  recommended  to  the  ciar  Peter  while  in  England,  as 
a person  capable  of  serving  him  on  a variety  of  occasions, 


the  sea- nymphs,  in  revenge  for  that  lady’s  boasting  of 
superior  beauty,  bad  fusU-ned  to  a rock  to  be  devoured  by 
a monster.  Jupiter  his  father  in  honour  of  (he  exploir, 
they  say,  afterwards  took  up  (he  hero,  and  the  whole  fa- 
mily with  him,  into  the  skies.- ’Tlie  number  of  stars  in 
this  constellation,  »in  Ptolemy’s  catalogue,  are  in 
Tycho’s  29,  in  Ilevelius’s  4f>,  and  in  the  Britauiiic  cata- 
logue 59- 

PEIISIAN  WLeel,  in  Mechanics,  a machiivc  for  raising 
a quantity  of  water,  to  serve  for  various  purposes,  biu.hu 
wheel  is  rcpi^‘senUd  in  plate  25.  fig.  1 ; with  w hich  water 
may  be  raised  by  means  of  a stream  ab  turning  a wlieel 
CDE,  according  to  the  order  of  the  letters,*  with  buckets 
&c,hungupon  the  wheel  byslrongpias 
fixed  in  the  side  of  the  rim ; which  must  he  made  us  high 
as  thewator  is  intended  to  be  raised  above  the  level  of  (hat 
|>aiC  of  tfic  stream  in  which  the  wheel  is  placed.  As  the 
wheel  (ur(^,tlic  buckets  on  the  right  hundgodow  n into  the 
wiitery'vvhcre  (hey  are  filled,  and  return  up  full  on  the  left 
hand,  till  they  come  to  the  imj  at  k ; where  (hey  sirikt 
against  the  end  n of  the  fi.Nod  trough  M,  by  which  they 
arc  overset,  and  so  empty  the  water  into  the  trough; 
whence  it  is  to  be  convened  in  pipes  to  any  place  it  is  in- 
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PEn  1177  1.-  PEE 


tended  for*:  and  as  each  bucket  gets  over  the  trough,  it 
falls  into  a purpondicular  position  again,  and  so  goes  down 
empty  till  it  comes  to  the  water  at  a,  where  it  is'hlled  as 
before.  On  each  bucket  is  a spring  r,  which  going  over- 
the  top  or  crown  of  the  bar  m (hxtd  to  the  trough  m) 
raises  the  bottom  of  the  bucket  above  the  level  of  its 
mouth,  and  so  causes  it  to  enipty  all  its  water  mto  the 
trough. 

Sometimes  this  wheel  is  made  to  raise  water  nr  higher 
than  its  axis;  and  then  instead  of  buckets  bung  upon  it, 
its  spokes  c,  dt  c,/,  g,  h,  arc  made  of  a bent  forui,  and 
Lollow  within ; these  hollows  opening  into  the  holes 
^ D,  E,  F,  in  the  outside  of  the  wheel,  and  also  into  those 
at  o in  the  box  k upon  the  axis.  So  that,  as  the  holes 
c,  D, &c,  dip  into  the  water,  it  runs  into  them;  and  a$ 
the  wheel  turns,  the  water  rises  in  the  hollow  spokes,  c,  d, 
dec,  and  runs  out  in  a stream  f from  the  holes  at  o,  and 
fiills  into  the  trough  q,  whence  it  is  conveyed  by  pipes.. 

Persian,  or  Persic,  in  Architecture,  a name  common 
to  all  statues  of  men;  serving  instead  of  columns  to  sup* 
port  entablatures. 

Persian  Era  and  Year.  See  Epoch  end  Year. 

PERSPECTIVE,  the  art  ot  delineating  visible  objects 
' on  a piano  surface,  such  as  they  appear  ut  a given  distance, 
or  height,  on  a transparent  plane,  placed  commonly  per- 
pendicular to  the  horizon,  between  tho  eye  and  the  object. 
This  is  particularly  called 

Linear  pBRSPECTtvE,  os  regarding  the  posifton,  magni- 
tude, form,  &c,  of  the  several  lines,  or  contours  of  objects, 
and  expressing  their  diminution.  . 

Some  make  this  a branch  of  Optics  ; others  an  art  and 
science  derived  from  it : its  operations  however  arc  all 
geftmelrical. 

Hiiiror^  ^ Perspective.  This  art  derives  its  origin 
from  painting,  and  particularly  from  that  branch  of  it 
' which  waaemployed  in  iltc  decorations  of  the  ibeaire,  where 
landscapes  were  chiedy  introduced.  Vitruvius,  in  the 
proem  to  his  7th  book,  says  (hat  Agatharchus,  at  Athens, 
was  the  first  author  who  wrote  upon  this  subject,  on  occa- 
sion of  a play  exhibited  by  iEschylus,  for  which  he  pre- 
pared a tragjc  scene;  and  that  afterwards  the  principles  of 
(he  art  were  more  distinctly  taught  in  the  writings  of  De^ 
mocritus  and  Anaxagoras,  the  disciples  of  Agatbarchus, 
which  are  not  now  extant. 

The  perspective  of  Euclid  and  of  Hcliodorus  Larisseui 
contains  only  some  general  elements  of  optics,  that  are  by 
no  tpcans  adapted  to  any  particular  practice;  though  they 
furnish  some  materials  that  might  be  of  service  even  in  the 
linear  perspective  of  painters. 

^Geminus,  of  Rhodes,  a celebrated  mathematician,  in 
Cicero's  lime,  also  wrote  upon  this  science.  It  is  also 
evident  iNat  the  Roman  artists  were  acquainted  with  the 
rules  of  perspective,  from  (he  account  which  Pliny  (Nat. 
Hist.  lib.  35,  cap.  4)  gives  of  the  representation  on  the 
scene  of  those  plays  givtm  by  Claudius  Puickcr ; by  the 
appearance  of  which  the  crows  were'so  deceived,  that  (bey 
endeavoured  to  settle  on  the  fictitious  roofs.  However, 
ot  the  theory  of  this  art  among  (he  ancients  we  know  no- 
thing; fts  none  of  their  writings  have  escaped  the  general 
wreck  of  ancient  literature  in  the  dark  ages  of  Europe. 
Doubtless  this  art  must  have  been  lost,  when  painting 
and  sculpture  no  longer  existed.  However,  there  is  rea- 
son tn  believe  that  it  was  practised  much  later  in  the  east- 
ern empire. 

John  TxeUcs,  in  the  r.ltb  ccatary,  speaks  of  it  as  well 
VoL.  II. 


acquainted  with  its  importance  in  painting  and  statuary. 
And  the  Greek  painters,  who  were  employed  by  the  Ve- 
netians and  Flurentines,  in  the  ISth  century,  it  seems 
brought  some  optical  knowledge  along  with,  them  into 
Italy ; for  the  disciples  of  Giotto  are  commended  for  ob- 
serving perspective  mure  regularly  than  any  of  their  pr^ 
decessorsin  the  art  had  dune;  and  he  lived  in  Uip  hggiii- 
ningofthe  14th  century. 

The  Arabians  were  not  ignorant  of  this  science ; ai  may 
be  presumed  from  the  optical  writings  of  AIhgscn,  about 
the  year  1100.  And  Vitollus,  a Pule,  about  (he  year 
1270,  wrote  largely  and  U-arncdly  on  optics.  And,  of 
our  own  rtation,  friar  Bacon,  as  well  ns  John  Peckbam, 
arebbishop  of  Canterbury,  treated  this  subject  with  great 
accuracy,  considering  the  times  in  which  they  lived. 

The  first  authors  who  professedly  Uid  down  rules  of 
perspective,  uTre  Bartolomeo  Braraurniim,  of  Milan,  w hose 
book,  Regolc  di  Perspectixa,  o Misure  dcUc  Antichitu  di 
Lombardia,  is  dated  1<140 ; und  Pietro  del  Borgo,  likewise 
an  Italian,  who  was  the  most  ancient  author  met  with  by 
Ignatius  Danti.and  who  it  is  supposed  died  in  J44S.  This 
lost  writer  supposed  objects  placed  beyond  t^ljtaDsparcnt 
tablet,  und  bo  to  trace  the  images,  which  yaW  of  iigbt, 
"einiiird  from  them,  would  make  upon  it.  Albert  Durer 
cimsimctcd  a machine  pn  (he  principles  of  Borgo,  by 
which  he  could  trace  the  perspective  appearance  of  ob- 
jects. 

Leon  Ba(ti>ta  Alberti,  in  1 V50,  wrote  bis  treatise  De 
Pictura,  in  which  be  treats  chiefly  of  perspective. 

Balthazar  Peruzzi,  of  Siena,  who  died  in  1530*,  had  di- 
ligently studied  the  writings  of  Borgo ; and  his  method  of 
perspective  wot  puhlisbcd^  Scriio  in  1540.  To  him  it 
is  said  we  owe  the  dibCuvcFy  of  points  of  distance,  to  which 
arc  drawn  all  lines  that  make  an  angle  of  45°  with  the 
ground  line. 

Guido  Ubaldi,  another  Italimi,  soon  alicr^discovercd, 
that  all  lines  that  are  parallel  to  one  aiioilMT,  if  they  be 
inclined  to  the  ground  line,  converge  to  some  point  in  the 
horizontal  line;  and  that  through  this  point  also  will  pass 
a line  drawn  from  the  eye  ^arailel  to  them.  His  Perspeo- 
Itvc  was  printed  at  Pisaro  in  l600,  and  contained  the  first 
principles  of  the  method  afterwards  diKovered  by  Dr. 
Brook  Taylor.  • 

In  1583  was  published  the  wo(k  of  Giacomo  Barnvzi, 
of  Vignola,  entitled,  'fhe  two  Rules  of  Perspective,  with  R 
learned  comracmary  by  Ignatius  Danti.  In  I6l5  Maro- 
lois*  work  was  printed  at  the  Ha^e,8nd  engraved  and  pub- 
lished by  Hondiut.  And  in  J625,  Sirigatti  published  his 
treatise  of  perspective,wbich  is  little  more  than  an  abstract 
of  Vignola’s. 

Since  that  time  the  art  of  perspective  has  been  gradu- 
ally improv  ed  by  subsequent  geometricians,  particularly  by 
proieisor  G ravesandc,  and  still  more  by  Dr.  Brook  Tay- 
lor, whose  principles  arc  in  a great  measure  new,  and  Air 
more  general  than  those  of  any  of  his  predecessors.  He 
did  not  confine  his  rules,  as  they  had  done,  to  the  hori- 
zontal plane  only,  but  made  them  general,  so  ns  to  aflect 
every  species  of  lines  and  planes,  whether  they  were  pa- 
rallel to  the  horizon  or  not ; and  thus  bis  principles  w^ 
made  universal.  Besides,  from  the  simplicity  of  lits 
rules,  the  tedious  progress  of  drsrwinjt  out  plans  and  ele- 
vations for  any  object,  is  rendered  useless,  and  therefore 
avoided;  for  by  this  method,  not  only  the  fewest  liiicx 
possible  arc  required  to  produce  anjeperspective  repre- 
acmaiion,  but  every  figure  thus  drawn  will  bear  the  nicest 
: . *A 
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Qftth€iDAti<;al  examination.  Further,  hi}  system  is  the 
, only  one  calculated  for  answering  every  purpose  of  those 
who  ore  practitioners  in  the  art  of  design ; for  by  it  they 
may  produce  either  the  whole,  or  only  so  much  of  an  ob- 
ject as  is  wanted  ; and  by  fixing  it  in  its  proper  place,  its 
apparent  magnitude  may  be  delermine^l  in  an  instant.  It 
explains  als*j  the  perspective  of  shadows,  the  reflection  of 
objects  from  polished  planes,  and  the  inverse  practice  of 
perspective.  His  Linear  Perspeeiivc  was  first  published  in 
1715;  and  bis  New  Principles  of  Linear  perspective  m 
1719,  which  be  intended  as  anexplanationof  his  first  trea- 
tise. And  his  method  has  been  chiefly  followed  by  all 
others  since. 

In  1738  Mr.  Hamilton  published  his  Stereography,  in 
2 vols  folio,  after  the  manner  of  Dr.  Taylor.  Uut  the 
neatest  system  of  perspective,  both  as  to  theory  and  prac- 
tice, on  the  same  principles,  is  that  uf  .Mr.  Kirby.  There 
are  also  good  treatises  on  the  subject,  by  Desargues,  De- 
bosse,  Albertos,  Ljmy,  Niccron,  Poaso  the  Jesuit,  \\are, 
Cowley,  Priestley,  Ferguson,  Emerson,  Mahon,  Henry 
♦ Clarke,  8cc,  Arc. 

Of  the  Ptinc^ies  of*  pBRSPfCTivB.  To  give  an  idea 
of  the  first  principles  and  nature  ot  this  art;  luppow  a^ 
transparent  plane,  as  of  glass,  Arc,  iii  raised  perpendicu- 
larly on  a horiaontal  plane;  and  the  spectator  a direct- 
■ ing  bis  eye  o to  the  triangle  a bc  ; if  now  wc  conceive  the 
xays  AO,  BO,  co,  Arc,  in  their  passage  through  the  plane, 
to  leave  their  traces  or  vestiges  in  .a,  A,  c,  Arc,  on  the 
* plane;  there  will  appear  the  triangle  ciAc;. which,  as  it 
strikes  the  rye  by  lha  same  rays  00,  60,  cO,  by  which  the 
reflected  particles  of  light  from  tho  Iflangle  arc  transmit- 
ted to  the  same,  it  will  oxhibiftlw  true  appe.irance  of  the 
triangle  abc,  though  tha  should  be  removed,  the 

sane  distance  and  height  of  the  eye  being  preserved. 
t The  business  of  perspective  then,  is  to  show,  by  what 
certain  rules  the  points  o,  6,  c,  Arc,  may  be  found  geome- 
trically : and  hence  also  we  have  a mechanical  method  of 
dalioeating  any  object  very  accurately. 


on  which  the  spectator,  the  picture,  end  the  ori^oal  object 
arc  supposed  to  stand. 

This  may  be  familiarly  illustrated  in  the  following 
manner:  SuppoH*  a person  at  a window  looks  through  an 
upright  pane  of  gloss  at  any  object  beyond  ; and,  keeping 
his  lieatl  steady,  draws  the  figure  of  the  object  upon  the 
glass,  with  a black-lead  pencil,  as  if  the  point  of  the  pen- 
cil touched  (he  object  ili*elf;  he  would  then  have  a true 
represcutation  of  the  object  in  perspective ; os  it  appears 
to  his  eye.  For  properly  drawing  on  the  glass,  it  is  ne- 
cessary to  Uy  it  over  with  strong  gum  water,  which  will 
be  fit  for  drawing  upon  when  dry,  and  will  then  retain  the 
traces  of  the  pencil.  The  person  should  also  look 
through  a small  hole  in  a thin  plate  of  metal,  fixed  about 
a foot  from  the  glass,  between  it  and  his  eye;  kcej^ing  his 
eye  close  to  the  hole,  otherwise  he  roiglit  shift  the  po- 
sition of  his  bead,  and  so  make  a false  delineation  of  the 
object. 

Ilnving  traced  out  the  figure  of  the  object,  he  may  go 
over  it  again,  with  pen  and  ink  ; and  when  that  is  dry, 
cover  it  with  a sheet  of  paper,  tracing  the  image  upon  this 
with  a pencil ; then  taking  away  the  paper,  utid  laying  it 
upon  A table,  he  may  finidi  (he  piclurr,  by  giving  it  the. 
colours,  lights,  and  as  he  sees  them  in  the  objeef 

itself;  and  thus  he  will  have  a true  reaemblance  of  the  ob- 
ject on  the  pap,cr. 

0/cfrtain  Dejinittont  in  PaRSPi  CTivt, 

The  point  qfii^ht,  in  peispective,  is  the  point  e,  where 
the  spectator's  eye  should  be  placed  to  view  the  picture. 
And  the point  ^stgAr,  in  the  picture,  called  also  the  cen- 
tre  0/ the  picture,  is  the  point  c directly  opposite  to  the  eye, 
where  a perpendicular  from  the  eye  at  e meets  the  pic- 
ture. Also  this  perpendicular  ec  is  the  dietance  of  thepic-- 


Hence  it  appears  that  abc  is  the  section  of  the  plane  of 
the  picture  wiiD  the  rays,  which  proceed /rom  the  original 
object  to  the  eye:  and  therefore,  when  this  is  parallel  to 
the  picture,  its  representation  will  be  both  parallel  to  the 
original,  and  similar  to  it,  though  smaller  iti  proportion 
as  the  original  object  is  further  from  the  picture.  NVhen 
the  original  object  is  brought  to  coincide  with  the  pic- 
ture, the  representation  is  equal  to  the  original ; but  as 
the  ohj»*cl  i-  removed  farther  and  farlhtr  from  the  pic- 
ture, Its  image  becomes  smaller  and  smaller,  and  also  rises 
higher  aud  higher  in  the  picture,  till  at  last,  when  the  ob- 
ject n supposed  to  be  at  an  infinite  distance,  its  image 
vanishes  in  an  imagiiMry  point,  exactly  as  high  above  the 
bottom  gl  the  picture  as  the  eye  is  above  the  ground  plane, 


lure.'  and  if  this  distance  be  transferred  (0  the  horisontal 
line  on  each  side  of  tlie  point  c,  as  is  suinetimcs  done,  ihe 
extremis  arc  called  the  points  of  distance. 

The  originai  piane,  or  geometrical  pltfne,  is  the  plane  kl 
upon  which  the  real  or  origmut  ol>j«ct  abcd  is  situated. 
The  line  01,  where  the  ground  plane  cuts  the  bottom  of 
the  picture,  is  called  the  seciinn  of  the  origmul  plane,  the 
grottnd‘iine,  the  fine  of  the  Anv,  or  the  fimiameraat  line. 
If  an  original  line  Aft  be  continued,  so  ns  to  intensrci  the 
picture,  the  point  of  intersection  a h called  the  inter- 
section of  that  original  line,  or  its  interffcting  point.  The 
horizontal  plane  ii  the  plane  which  pa5ses  through 

the  eye,  parallel  to  the  horixon,  and  cuDk  the  perspective 
plane  or  picture  at  right  angles;  aud  the  Aorisouia/  Itne  bg 
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u thf*  common  intmcction  of  the  horizontal  plane  with 
the  picture. 

The  vcriicni  pfanc  is  that  which  passes  through  the-eyc 
at  ri^ht  un^lo  bulb  to  the  ground  (.lane  and  to  the  picture, 
»*  EC&N.  And  the  wru^l/ifie  U the  cotnii^ua  section  of 
the  vertical  pMf  »nd  the  (>icture,  as  c\. 

Tire  hac  oj  ti^Hoa  ati  it  the  common  >ecik>n  of  the  ver* 
.tical  phino  ifiib  the  groand  plane,  atKl  perpendicular  to 
the  ground  llne'oi.  ' 

The  U'ne  thfhfigfitqf  ikt  9c  is  a perpendicular,  asES, 
let  fall  troin  the  e^-e  upon  the  groupd  plane. 

The  voatibhig  iuiit  of  the  onpoal  pTam',  is  that  line 
where  a plane  pa^ins  through  the  eye,  parallel  to  the 
original  pictvh*,  cuutl^  picture:  thus  Ag  is  the  vanishing 
line  of  ABOO,  being  the  greatest  height  lo.which  the  image 
can  rise,  ulien  the  original  object  is  infinitely  distant. 

The  tttnHking  point  <if  the  original  Une»  is  that  point 
.where  a lino  draun  from  the  eye,  parallel  to  that  urigivid 
line,  inters<K:u  the  picture  : thusc  and  g arc  the  vanishing 
points  of  the  linos  ab  and  ki.  All  lines  parallel  to  each 
other  ha>*e  the  same  vanishing  point.  If  from  the  point 
of  sight  a line^be  drawn  pcrp<-ndicular  to  any  vanishing 
line,  the  point  a here  that  fine  intersects  the  vanishing  line, 
is  called  the  centre  of  that  vanishing  line:  and  the  dutancir 
of  a vaniahini;^  line  IS  the  li-ngth  of  the  line  which  is  drawn 
from  the  eye,  perpeitdicular  to  the  said  line. 

Afeaturiag points  are  points  from  which  any  linos  in  the 
perspective  (>lane  arc  measured,  by  laying  a ruler  from 
thorn  to  the  divisions  laid  down  upon  the  ground  line.  The 
measuring  ()oint  of  all  lines  parallel  to  the  ground  tine,  is 
cither  of  the  points  of  disidnee  on  the  horizonbil  line,  or 
point  of  sight.  The  measuring  point  of  any  line  porpen* 
dicular  to  the  ground  line,  is  in  the  (mint  of  distnnco>on  the 
horizoDtal  line  ; and  the  measuring  (Ktintofa  line  oblique 
to  the  ground  line  is  found  by  extending  the  compasses 
from  the  vanishing  point  of  that  line  to  the  point  of  di- 
stance on  the  perpendicular,  and  setting  off  on  the  hori- 
zontal line. 

^iome  general  MaximM  or  Tkeorena  in  Pbrspective. 


1.  The  representation  of  a line  ab,  is  part  of  a line 
AC,  which  passes  through  the  inteisi*cting  point  s,  and  the 
vanishing  (Kiint  C,  of  the  original  lino  ab. 

« 2.  If  the  original  plane  be  (Mirallcl  to  the  picture,  it  can 
have  no  vanishirtg  line  upon  it;  and  consequently  the  re- 
presentation will  be  ppraiU-1.  When  the  origioal  is  per- 
pendicular to  the  ground  line,  as  ab,  then  its  vanishing 
point  IS  in  c,  the  centre  of  the  picture,  or  point  of  sight ; 
because  EC  is  perpendicular  to  picture,  and  therefore 
parallel  to  ab. 

d.  The  image  ofa  line  bears  a certain  proportion  to  its 


original.  And  the  image  may  be  determined  by  transfer- 
ring the  length  or  distance  of  the  given  line  to  the  intersect- 
ing line ; and  the  distance  of  the  vanishing  point  to  the 
horizontal  line ; i.  e.  by  bringing  both  into  the  plane  of  the 
picture. 

l*HOB.  To  findtkere^ 
presentation  of  on  R6- 
jeetite  point  A.*^Dravv 
a1  and  a2*  at  pleasure, 
intersecting  the  bottom 
of  the  picture  ill  1 and 
2 ; and  from  the  eye  e 
draw  EM  parallel  to  aI, 
and  el  parallel  to  a2  ; 
then  draw  h1  and  t2, 
which  will  intcrsecieach 
othcf  in  a,  the  repra- 
scntalion  of  the  point  a. 

Otherwise.  Let  u be  the  gives  'objective«point. 


from  which  djaw  lit  perpendicular  to  the  fundamental 
line  DC.  From  the  fundamental  lino  de  cut  off  ik  = in  : 
llirouoli  the  point  of  sight  r draw  a horizontal  line  re, 
and  rnakc  rr  equal  to  the  distance  of  the  eye  $k  : lastig, 
joio  ri  and  rx,  and  their  intersection  h will  be  the  appear- 
ance of  the  given  objective  point  ir,  aa  rcquiretl.  And 
thus,  by  finding  the  representations  of  the  two  poinu,Urhicb 
arc  the  extremes  of  a line,  and  connecting  them  together, 
there  will  be  formed  the  representation  of  the  line  itself, 
in  like  manner,  the  representations  of  all  the  lines  or  sides 
of  any  figure  or  solid,  determine  those  of  tbe  solid  itself; 
which  ihcrefore  arc  thus  put  into  perspective. 

Aerial  PEUsPECTivt,  is  the  artof  pving  a due  diminu- 
tion or  gradation  to  the  strength  of  light,  shade,  and  co- 
lours of  objects,  according  to  their  different  distances,  the  ^ 
quantity  of  light  which  falls  upon  them,  and  (ho  medium 
through  which  they  are  wen* 

Perspective  Machine^  is  a machine  for  readily  and 
easily  making  the  pcr>|>cclive  drawing  and  appearance  of 
any  object,  which  requires  little  or  no  skill  in  the  art. 
There  have  been  invented  various  machines  of  this  kind. 
Oqc  of  which  may  even  be  seen  in  the  works  of  Albert 
Durer.  A very  convenient  one  was  invented  by  Dr.lWvis, 
and  IS  described  by  Mr.  Ferguson,  in  his  Perspective,  pa. 
113.  And  another  is  de^ribed  in  Kirby's  Perspective, 
pa.  65. 

Perapbctive  Plan,  or  Plane,  is  a glass  or  other  trans- 
parent surface  supposed  to  be  placed  between  ibc  eye  and 
the  object,  and  usually  perpendienUr’to  the  horizon. 

Scenogrophic  Perspective.  See  ScETiocaAPiiY. 

Perspective  q/"  SAadow*.  See  Shadow. 

Speeidar  Perspective,  is  that  which  represents  the  ob-. 
jects  in  cylindrical,  conical,  spherical,  or  other  mirron. 
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* PERTICA,  a kind  of  cohiel,  the  tame  with  Veru. 

PETARD,  a military  engine,  somewhat  resembling  in 
shape  a high'Crowncd  bat ; serving  formerly  to  break  down 
gates,  barricades,  draw^bridges,  or  the  like  works  intended 
to  be  surprised.  It  is  about  8 or  9 inches  wide,  and 
weighs  from  55  to  70  pounds.  Its  use  was  chiefly  in  a 
clandestine  or  private  attack,  to  breakdown  the  gates  &c. 
It  has  also  been  used  in  countermines,  to  break  through 
the  enemies’  galleries,  and  give  vent  U>  their  mines:  but 
the  use  of  petards  is  Anw  discontinued. — Their  invention 
is  ascribed  to  iheFreoch  Ihigonotsin  the  year  1579*  'I'he 
most  signal  exploit  performed  with  them  was  the  taking 
the  city  Cabors,  as  we  are  told  by  d’Aubigne. 

PETIT  (PsT£a),  a considerable  mathcroapetan  and 
*phiIosopher  of  France,  was  born  at  Munliupon  in  the 
diocese  of  Bourges,  in  the  year  1589  according  to  aome, 
but  in  1()00  according  to  otlicra.>->He  fint  cultivated  the 
mathmatio  and  philosophy  in  tl«e  place  of  liis  nativity  ; 
, but  in  l4iS3  he  repaired  to  Paris,  to  which  place  his  repu- 
tation had  procured  him  an  invitation.  Here  h<  became 
highly  cclebr.ited  for  his  ingenious  wiAlings,  and  for  his 
conneclioni  with  Pascal,  Descartea,  Mrrvnue,  and  (he 
other  great  men  of  that  lime.  Ho  was  employed  on  k- 
veral  occasions  by  cardinal  Ridbelieai  he  wba  commis- 
sioned by  this  minister  to  visit  the  sea-ports,  with  the  title 
of  the  king’s  engineer ; and  was  also  sent  into  Italy  the 
king's  busim'ss.  He  was  at  Tours  in  Ki40,  where  he  mar- 
ried ; and  was  afterwards  made  ioteodant  of  ihetortiflca- 
lions.  Baillet,  in  his  Life  of  Descartes,  says,  that  Petit 
had  a great  genius  for  mathematics  ; that  he  cxcrlicd  par- 
ticularly in  astronomy  ; and  hail  a singular  passion  for  cx- 
periraental  philosophy.  About  l637  hr  rcHirned  to  Paris 
from  Italy,  when  the  Dioptrics  of  Descartes  were  much 
•poken  of.  He  read  them,  and  communicated  his  objec- 
lions  to  Merscortc,  with  whom  he  was  intimately  acquaint- 
ed. And  yet  h^soon  after  embraced  the  principhsi  of 
Descartes,  becoming  not  only  his  friend,  but  his  partisan 
and  defender  also.  He  was  intimately  connected  with 
Pascal,  w ith  whom  he  made  at  Rouen  the  same  experiments 
concerning  the  vacuum,  which  Torricelli  had  before  made 
in  Italy;  and  was  assured  of  their  truth  by  frequent  repe- 
titions. This  >vas  in  and  10*47  ; and  though  (here 
appenra  to  be  along  interval  from  .this  date  to  the  time  of 
his  death,  we  meet  with  no  other  memoirs  of  his  life.  He 
dietl  August  ihe  ^Oth  lo6*7,  at  I-agny,  near  Paris,  whither 
^ he  had  retired  for  some  time  before  his  decease. 

Petit  was  tilt  author  of  several  works  on  physical  and 
ostrunomicnl  «ubjei-ts  ; the  chief  of  which  are, 

1.  Chronological  Discourse,  &c,  1636',  4to.  In  defence 
of  Scaliger.— 2.  Treatise  on  the  Pmportional  ComptsM'S. 
—3.  On  the  Weight  and  Magnitude  of  Metals.— 4.  Con- 
Uructioii  ami  Use  of  the  Artillery  Calipers. — 5.  On  a va- 
cuum.— 6.  On  Eclipses.— 7.  On  Remedies  against  the 
*RilgT*iiiiini  jo(  the  ^in«  at  Paris.— 8.  On  the  Junction 
ei^c  Ocean  with  the  Mediterranean  Sea,  by  means  of  the 
nifen  Aude  and  Oaronne. — 9*  Dn  Comets.- 10.  On  the 
proper  day  for  celebrating  Easter.— 1 1.  On  the  Nature  of 
Heat  and  Cold,  &c. 

PE1TV  (Sir  WitLiAM),  a singular  instance  of  a uni- 
versal genius,  was  the  elder  sou  of  Anthony  Petty,  a 
clothier  at  Rumscy  in  Hampshire,  where  he  was  bom  May 
|hc  Irtth.  1623.  While  a boy  he  took  great  delight  in 
spendtas  Im  time  among  the  artifleers  there,  whose  trades 
ha  c^uld  work  at  when  but  1 2 years  of  age.  lie  tbcu  went 


to  the  grammar-school  in  that  place,  where  at  15  be  be- 
came master  of  the  Latin,  Greek,  and  French  languages, 
with  arithmetic  and  those  parts  of  practical  geometry  and 
astronomy  useful  in  navigation*  $<ioa  after,  he  want  to 
the  university  of  Caen  in  Nornaady  ; and  after  some  stay 
there  be  returned  to  Knglandtr  where  he  was  promoted  io. 
the  kin^aliRTy.  In  |643»  when  (he  civil  war  began,  and 
the  times  became  troubliMsiAe,  be  went  InurUic  Nether^ 
lands  ami  France  for  three  yeaiu;  and  haviug  vigorously 
prosecuted  hi>  studiea,  especiAlly  in  physic,  at  Utrecht, 
D-ydcn,  Amsuvdani, -wnd  Paris,  be  tetoraed. home  to 
Rumsey.  In  (647  bU  obtained  a patent  to  ttarlt  the  art 
of  double  writing  for  17  y«Rrs.  In  1648  be  published  at 
London,  **  Advice  to  Mr.Samuel  Hartlib,  for  the  advance- 
ment of  sotzib  particular  parts  of  learning."  At  this  time 
he  adhered  to  the  prevuiltngparty  of  the  nation ; andwent 
to  Oxford,  where  he  taught  anatomy  and  chemistry,  and 
was  created  a doctor  ol  physic,  and  rose  into  such  repute; 
that  the  philosophical  meetings,  which  preceded  and  laid 
the  foundation  of  the  Uoyu)  Society,  were  first  held  at  bia 
house.  Jn  1650  he  was  made  professor  of  anatomy  there; 
and  soon  after  a member  of  the  college  of  physicians  in 
Ivondon,  as  also  professor  of  music  at  Grrskam-college, 
Ixjndon.  In  16'52  he  was  »pp«iintcd  physician  to  (he  array 
in  Ireland;  as  also  to  three  lord  lieutenants  successively, 
Lambert,  Fleetwood,  and  Henry  CrumaelL  After  the  re- 
bellion was  over  in  Iri  land,  be  was  appointed  one  of  the 
commissioners  fur  dividing  the  forfeited  lands  to  the  army 
who  suppressed  it ; where  he  acquired  a great  fortune, 
\Vhcn  Henry  Cromwell  became  lieutenant  nf  that 
kinedom,  in  l655,  he  appointed  Dr.  Petty  his  se- 
cuUry,  and  ch  rk  of  the  council : he  likewise  procured 
him  tfi  be  elected  a burgess  fur  Westloo  in  Cornwall,  in 
Uitrhard  Cromwell's  pHrliamont,  which  met  in  January 
16.58.  But,  in  .Mnrcli  f llowing,  .Nr  Hiorom  Sankey,  mem- 
ber for  \V(iod<r[>ck  in  Oxfiirdshin-,  impeached  him  nf  high 
crimes  and  mivdcineivtiors  in  the  execution  of  his  office. 
This  gavT  (be  doctor  a great  deal  of  trouble,  as  he  was 
summont-d  before  the  housf  of  commons;  and  notwiib- 
standiiig  (he  strenuous  endeavours  of  his  friends,  in  their 
recomtaendutions  of  him  to  secretary  Thurloe,  and  the 
defence  he  in.ide  b<  fore  (he  hotfsc,  his  eiu-mies  procured 
his  ihsmibvion  from  his  public  employniotiis,  in  1659- 
lie  then  retired  to  Ireland,  till  the  restoration  of  king 
Charle>  the  Second  ; soon  after  qrhicK  he  came  into  Eng- 
land, where  ha  was  very  graciously  received  by  (he  king, 
resigned  his  professorship  at  Gresham-college,  and  was  ap- 
poinfeti  one  of  the  commissioners  of  the  Court  of  Claims. 
Likewise,  April  the  I lih,  I66I,  hc  received  the  honour  of 
knighthood,  and  the  grant  of  a new  patent,  constituting 
him  surveyor-general  of  Irelatxl,  and  was  there  chosen  a 
member  of  parliameivf. 

On  the  incorporating  of  the  Royal  Society,  he  was  one 
of  the  first  members,  and  of  its  first  council.  .And  (hough 
he  bad  left  off  the  practice  of  physic,  his  name  was  con- 
tinued os  an  honorary  member  of  (he  college  of  physiciaua 

in  1663.  • 

About  (bis  time  he  invented  his  donble-bottomcd  ship, 
to  sail  against  wind  and  tide,  and  afterwards  presented  a 
mode)  of  the  vessel  to  the  Royal  fvocicty;  to  whom  also, 
ill  ]665,  hecomtaunicated  **  A DiscourM' about  the  Build- 
ing of  Ships,"  containing  some  curious  secrets  in  that  art. 
But,  upon  trial,  finding  his  ship  failed  in  some  respects, 
ha  at  length  gave  up  that  project. 

In  16to  sir  AViliiam  drew  up  a treatise,  called  Verbum 
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SupK'nii,  conUining  mn  account  of  the  wealth  aitil 
lenses  ol  HnglAnd,  eml  the  method  of  ^ai^ing  (axit  in  the 
uKAt  et^ual  manDdr.<^Thc  »amc  year,  U>66,  he  suffered  a 
considerable  lots  by  ilie  lire  of  Ixjiidon,— 'Pbe  year  follow- 
ing he  married  Eliitabeth,  daughter  of  fir  llardrrsse  Wal- 
ler ; aad  afterwards  set  up  irun-worlci  and  pilchard-lishing, 
opened  lead  mines  and  a timber  trade  in  Kerry*  which 
turned  to  very  good  account.  Hut  all  iheK*  concerns  did 
nut  binder  bim  from  ibe  pursuit  of  both  political  and  pbi- 
losophicu)  s|Ktulations*  which  be  thought  of  public  utility* 
publishing  them  either  sqMiniiely  or  by  communication  to 
the  Royal  Society*  particularly  on  ftnances,  • taxes,  poli- 
tical arithmetic*  land  carnage*  guns*  pumps*  &c. 

At  the  first  meeting  of  the  Rhilosophical  Society  at 
Dublin*  on  the  pUn  of  that  at  London,  every  thing  was 
submitted  to  his  direction : and  when  it  was  formed  into 
a regular  society*  lie  was  chosen  president  in  Nov.  l6d4. 
On  (his  occasion  he  drew  up  a **  Catalogue  of  mean,  vul- 
gar, ebrap^  and  simple  Experiments,’*  proper  for  the  infant 
state  of  the  s<Kiely,  and  presented  it  to  them ; as  he  did 
also  Ills  Supeliex  Pbtlusuphica,  consisting  of  45  instni* 
meiiis  requisite  to  carry  on  the  design  of  their  institution. 
In  l6fi5  be  made  bis  will ; in  which  he  declares*  that  being 
then  about  60,  his  views  were  fixed  upon  improving  bin 
lands  in  Ireland,  aud  to  promote  the  trade  of  iron,  lead, 
inaHde,  fish,  and  timl>er,  which  his  estate  was  capable  of. 
And  as  for  studies  and  experiments,  **  1 think  now,’*  says 
be*  **  to  confine  the  same  to  theanatomy  of  the  p<*ople,  and 
p<ililical  arithmetic ; as  also  the  improvemcjil  of  ships* 
land-carnages*  guns,  and  pumps*  as  of  most  use  to  man- 
kind, not  blaming  the  study  of  other  men.**  But  a few 
years  after*  all  bis  pursuits  were  Slopped  by  the  dfeclsof 
a gangrene  in  his  foot*  occasioned  by  the  swelling  of  the 
gout,  which  put  a period  to  bis  life,  at  his  house,  in  Pic- 
cadilly* Westminster/  Dec;  l(>,  1087.  in  the  65th  year  of 
his  age.  Hi*  corpse  wras  carried  to  Rumsey,  and  there 
interird,  near  those  of  his  parents. 

Sir  WilliHiD  Felly  died  ^sow'SK'd  of  a very  large  forlunc* 
as  appears  by  his  will ; where  he  makes  his  real  estate 
about  0,500f.  per  annum,  his  personal  estate  about  45.000/. 
his  bad  and  ilesprratc  debts  30.000/.  and  (be  demonstrable 
improvements  of  bis  Irish  estate,  4000/.  per  annum ; inali* 
at  ti  per  cmt.  interest,  1'5,000/.  per  annum.  This  estate 
came  to  hts  family*  which  consisted  of  his  widow  and  three 
children,  Charles,  Henry,  and  Anne;  of  whom  Charles 
was  criMteil  baron  of  ShelUmmc,  in  the  county  of  Watery 
ford  ill  Ireland*  by  king  William  the  Third  ; <but  dying 
without  issue,  was  succeedixl  by  his  younger  brother 
Henry*  who  was  created  viscount  Dunkeron,  in  the  county 
ofKerry,  and  (*arl  of  Shclbourive  Feb.  1 1*  17JB.  Flemar- 
ried  the  lady  Arabella  Boyle*  sister  of  Charles  carl  of  Cork, 
who  bniughi  him  several  children.  He  was  member  of 
parliament  for  (^reut  Marlow  in  Buckingbamshirp*  and  a 
fellow  of  the  Royal  Society:  he  died  April^  17.  1751. 
Anne  was  married  to  ’Hiomas  Fiumorris,  baron  of  Kerry 
and  Lixnaw,  und  dic'd  in  Ireland  in  1737- 

*rhe  variety  of  pursuits*  in  which  Sir  William  Petty  was 
engaged,  shows  him  to  have  had  a genius  capable  of  any 
thing  to  which  he  chose  to  apply  it^:  and  it  is  very  CNtra- 
ordinnry,  that  a man  of  so  active  and  busy  a spirit  could 
find  lime  to  write  so  many  things,  as  it  appears  be  did*  by 
(be  fidlowing  catalogue. 

1.  Adviccto  .Mr.S.  Hartlib&C;  l648*4to.— C.  A Brief 
of  Proceedings  between  dr  Hiororo  Sankey  and  ific  author 
Ac;  folio.— 3.  Refieciious  upon  some  penults  and 


things  in  Ireland,  &c ; lf>60*  8vo.-^.  A Treatise  of  Taxes 
and  Contribution,  Ac;  1667*  1685*  4io*  all  with- 

out the  author’s  name.  'I'liis  last  whs  re-published  in 
l6po,  with  two  other  anonymous  pieces*  **  I'be  Privileges 
and  Practice  of  Parliaments,”  and«“  The  Politician  Dis- 
covered with  a new  title-page*  wi^rc  it  is  said  they 
were  all  written  by  sir  William*  which*  as  to  the  first,  is  « 
mistake.— 5.  Apparatus  to  the  History  of  the  Common 
Practice  of  Dyeing;”  printed  in  Sprat's  History  of  the 
Royal  Society*  1667,  4(o.— 6.  A Discourse  concerning 
the  Use  of  Duplicate  Proportion*  together  with  a New 
Hypothesis  ofSpringing  or  Elastic  Motions;  16?4.  12mo. 
—7-  Colloquium  Davidis  cum  Anima  sua*  Ac ; 1679* 
folio.— 8.  'Ihe  Politician  Discovered*  Ac;  1681,  4to— > 
9-  An  Essay  in  Pot  tical  Arithmetic ; 1682*  8vo. — 10.  Ob- 
»erv*ations  upon  (be  Dublin  Bills  of  Mortality  in  iCSl, 
Ac;  1683*  8vo. — II.  An  Account  of  some*  Experiments 
relating  to  Land-carriage,  Philos.  Trans.  No.  l6l.— ^ 
12..  Some  Quern's  fur  exomining  Mineral  Waters,  ibid. 
No.  l66.— 13.  ACataloguc  of  Mean,  Vulgar,  Cheap*  and 
.Simple  Experiments,  Ac;  ibid.  No.  167.-14.  Maps  of 
Ireland,  being  an  Acluaf  Survey  of  the  whole  Kingdom* 
Ac;  l685,  folio. — 15.  An  Essay  concerning  the  Multi- 
plication of  Mankind  ; 1686,  8vo— 16.  A further  Asser- 
tion concerning  (be  magnitude  of  London,  vindicating  it, 
Ac  : Philos.  Trans.  No.  185.— 17.  Two  Essays  in  Politi- 
cal Arithmetic;  l6S7*  8vo. — 18.  five  Fasays  in. Political 
Ariibroeiic  ; l687,  8vo.— 19-  ObKrvaiions  upon  London 
and  Rome;  1687*  8vo.  ' 

His  posthumous  pieces  are,  (1)  Political  Arithmetic; 
1690*  8vo,  and  1755*  with  his  life  prefixed.— (2)  The 
Political  Anatomy  of  Ireland,  with  \crbdm  ^pienti* 
1691*  1719* — (3)  A Treatise  of  Naval  Philosophy;  IC9I* 
12mo,«— {4)  What  a complete  I'reatise  of  Navigation 
should  contain ; Philos.  Trans.  No.  198. — (5)  A Dis- 
course of  making  Ctuth  with  Sheep’s  Wool ; in  Birch's 
Hist,  of  the  Roy.  Soc.— (6)  Supeliex  Pliilosophica ; ibid. 

PHANTASMAGORl.4,  n ww  optical  instrument* 
which  has  within  a few  years  alforded  much  cnterlain- 
meni  by  exhibiting,  in  theatres  and  other  places  of  amuse- 
ment* (be  representation  uf  spectres  and  other  figures  on 
a t/unsparciil  screen  placed  between  the  lastrumeiit  and 
the  spectators*  and  no  light  beins  suffered  to  appear*  but 
that  in  which  the  images  are  enveloped*  which  renders  the 
efi'ecc  very  singular  ; and  this  is  still  farther  strengthened 
by  the  operator  increasing  or  diinimvbing  (be  sise  of  tlio 
sfatdnws  at  pleasure,  by  which  the  spretatorv,  under  the 
influence  of  an  optical  illusion*  fancy  that  the  figures  are 
upproacliing  or  receding  from  theid. 

The  first  exhibition  of  this  kind,  (at  least  of  late  years,) 
was  made  by  one  Plitlidor  at  Vienna  id  179()f  *nnd  which 
was  afterwards  repeaU'd  by  him  at  Pnris  in  1792  with  very 
great  SQCCns.  And  a similar  spectacle  was  opened  in  (hat 
metropolis  by  M.  Robertson  in  1791^ » since  which  time 
they  have  become  very  common  in  all  the  countries  of 
Kimqic.  It  seems  however  that  something  of  a similar 
kind  was  exhibited  so  far  back  as  the  17th  century*  bring 
mentiimed  by  Palm,  in  his  **  Relations  Hislohques,'*  p uIh 
lisbrd  at  Amsterdam  in  16'95,  though  the  instrument  itself 
is  not  then-  described. 

The  phantasmagoria  docs  not  dificr  much  in  iU  con- 
struction from  the  magic  lanteni ; indeed,  it  is  now  to 
constructed  that  it  answers  either  purpose,  the  princi^l 
diflerence  being,  that  in  the  phantasmagoria,  the  glass 
sliders  on  which  ihe  figures  are  painted,  arc  rendered  par- 
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feclly  opakc,  except  in  the  6gures  themselves,  by  which  PHENOMENON,  or  PuitisoMriiow,' «n  appearance 
mcatib  all  light  is  excluded  except  that  in  which  the  imnge*  in  physics,  ati  4 xtruordiimry  appi  urtmce  in  the  heuveusi, 
are  invulved.  and  also  the  spectat4»rs  arc  placed  on  the  or  p»»  earth ; either  disccivercrl  by  observation  of  the  cc* 
contrary  side  of  ibe  screen,  which  is  madv- of  some  trans-  lestiai  bodies,  or  by  phy!>icai  experiments,  the  cause  of 
parent  ihifi  substanC4s,  as  mualin,  or  such  like,  that  the  which  is  not  obvious.  Such  are  meteors,  comets,  un- 
dgurcs  may  be  seen^lhniugh  it : and  the  instrument  i>  Hat'd  common  appearatrci-  of  stars  and  planets,  earthquakes,  «Scc. 
on  r<dler>  nr  wheels,  by  which  llic  upi'rator  can  nitne  it  ^uch  also  arc  iheiffecLs  of  the  nirignet,  ph«»sphurn<.  Ac. 
nearer  to  or  farther  from  the  serein,  and  thus  give  to  the  PHILOLAUS,  of  Crotona,  was  a I'rlebraied  philoso- 
Hgurei  any  site  at  pleasure  : llicre  are  also  other  cpntri-  phrr  among  the  ancients.  He  was  of  the  school  ot  Py  tha* 
vanccs  fqr  giving  the  figures  or  any  paitsoflhem  motion,  as  goras,  to  whom  that  philosopher's  Golden  Verse*  have  been 
the  arms,  legs,  eyes,  AtC,  which  have  a very  singular  efferct.  ascribed,  lie  made  the  heavens  his  qbief  object  of  coi.  • 
The  greatest  imperfection  of  this  mstrument  is,  that  os  teinplalion  y and  has  been  said  in  he  the  author  of  that 
the  rigurea  become  smaller,  w hich  gives  thi'm'the  appear-  true  system  of  the  world  which  Coprinicus  afterwards  rc- 
ance  of  being  at  a greater  distance,  they  become  brighter,  vivid;  but  erroneously,  becauM*  there  is  und<*ubted  e*i- 
which  is  contrary  to  the  natural  order  ol  things,  as  distance  dcncu  that  Pythagoras  learni'd  that  system  in  Egt  pi.  On 
always  decreases  both  the  apparent  magnitude  and  dis*  that  rrrunrons  supposition  howi  vcr  it  was,  that  Bulliald 
tinctness  of  objects.  This  defect  however  may  be  c<?n*'  placed  the  name  of  Philolaus  at  the  head  of  two  works 
iiderably  lessened  by  the  frillowing  construction,  which  is  written  to  illustrate  and  confirm  that  system, 
suggested  by  Dr.  Vuung  in  bis  Lectures  on  Natural  {’hi-  “ He  was  (says  Dr.  Enfield,  in  his  History  of  Philo- 

losopby.  . sophy)  a disciple  of  Archyias,  and  Aouri^hi'd  in  the  lime 

, The  light  of  ihclamp  A (fig.  1.  plate25))’J.^thrown  by  the  of  Plato.  It  was  from  him  that  Plato  purchased  the 
mirror  a,  and  the  lenses  c and  i>,  on  the  painted  slider  at  written  records  of  the  Pythagorean  systcin,  contrary  to  an 
E,  and  the  magnifier  r forms  the  image  on  the  screen  at  c.  I'.xpress  oath  taken  by  the  society  of  Pyiiiagnreans,  ph  tiding 
This  lens  is  fixed  to  a slider,  which  may  be  drawn  out  of  themselves  to  keep  secret  the  mysteries  of  their  sect.  It 
the  principal  suppuit,  or  box  li  : and  when  the  box  is  is  probable  that  among  these  books  were  the  writings  of 
dravrn  back  on  its  wheels,  the  rod  IK  lowers  the  point  k,  Timicus,  on  which  Plato  formed  the  dialogue  which  bore 
and  by  means  of  the  rod  Kt.  adjusts  the  slider  in  such  a liis  name,  i’lutarch  relates,  that  Philolaus  was  one  of 
inaDncr,’thal  the  image  is  always  distinctly  painted  on  the  the  persons  who  escaped  from  the  hmise  which  was  burned 
screen  o.  When  the  box  advances  towards  the  sciecti,  in  by  (jylon,  dunng  the  life  of  Pythagoras ; but  this  account 
order  that  ihe^  images  may  be  dimimshed  und  appear  to  cannot  be  correct.  Philolaus  was  comemporary  with 
vanish,  the  support  of  the  lens  r suffers  the  screi-n  M to  fall  Plato,  and  therefore  certainly  not  with  PylhMg«ra*;.  In- 
and  intercept  a part  of  the  light ; Uius  taking  off  irom  the  Icrfering  in  affairs  of  state,  he  fell  % sacrifice  to  poiitiCn! 
natural  brightness  of  the  object.  The  rod  kh  must  be  jeaUiusy. 

equal  l6  Kl,  and  the  point  i must  l>c  twice  the  focal  length  “ Philolaus  treated  the  doctrine  of  nature  with  great 
of  the  lens  f,  before  the  object,  l being  immixiiately  under  subtlt-ty*,  hut  at  the  same  time  wirii  great  obscurity ; re- 
the  focus  of  the  Wns.  The  screen  M may  have  a iriangu-  ferring  every  thing  that  exisu  to  mathematical  principles, 
lar  opening,  so  as  to  uncover  the  middle  of  tbc  lens  only,  He  taught,  that  leKson,  improu'd  by  matheinatical  tearn- 
or  the  lighy  may  be  intercepted  in  any  otiier  manner.  See  ing,  is'eIoih!  capable  of  judging  concerning  the  nature  of 
Dr.  Youngs  Lectures  of  Natural  Philu>ophy.  things : that  the  whole  world  Consists  of  infimie  and  finite  ; 

PlLMtON,  the  name  of  a game  of  chiince.  See  Do-  that  number  subsiMs  by  itself,  und  it  the  chain  bv  which 
laoivrc's  Doctrine  of  Chances,  pa. 77  and  105.  its  power  sustains  the  eternal  frame  of  things;  that  the 

PHASES,,  in  Astronomy,  the  various  ap|Harance«,  or  Monad  is  not  the  sole  principle  of  things,  but  that  the 
Huaniities  of  illumination  of  the  moon,  Venu>,  Mercury,  Binary  is  necessary  to  furnish  muK'riaU  from  which  all 
and  the  other  planets,  by  the  sun.  These  phases  are  very  sulm-quent  numU'rs  may  be  prntiuced ; that  the  world  is 
obsorvablc  in  the  muon  with  the  naked  eye;  by  which  one  whole,  which  has  a fiery  centre,  about  which  the  u-n 
she  sinnetime*  increases,  sometimes  wanes,  is  now  bent  iCelcstia)  spheres  revolve,  heaven,  the sun^  the  planets,  the 
into  horns,  and  again  appears  a hah-circlc;  at  other  times  earth,  :incf  the  mimn  ; that  the  sun  has  a vitreous  surface, 
she  is  gibbous,  and  ogaln  a full  circular  face.  Ami  by  whence  the  fin*  diffused  through  the  world  is  reflected, 
help  of  the  telescope,  the  like  variety  of  phases  is  olwerved  rendering  the  mirror  from  which  it  is  reflected  visible  ; that 
in  Venus,  Mors,  &c.  Copernicus,  a little  before  the  use  all  things  arc  preserved  in  haimony  by  the  law  of  neccs- 
of  iclescofies’,  foretold,  that  after  ages  wtould  find  that  .sity ; and  that  the*world  is  liall<*to  destruction  both  bv 
Venus  underwent  all  the  changes  of  the  moon  ; which  fire  und  by  water.  From  this  <dunmary  of  the  doctnne  of 
prophecy  was  first  fulfilled  by  Galileo,  who,  directing  his  Philolaus  it  Hp|>ears  probable  that,  following  'Hinxus, 
tclcsco{>€  to  Venus,  ohserveil  her  phases  to  resemble  those  whose  writings  he  possessed,  he  so  fur  departed  from  the 
of  the  moon ; being  sometime^  full,  sometimes  horned,  and  Pythagorean  sj’stcm  as  to  conceive  two  inde^H'iideni  prin* 
• sometimes  gibbous.  ciples  in  nature,  GcmI  and  matter,  and  that  it  was  from 

Phases  0/  an  Ecliptc.  To  determine  these  for  any  the  same  source  that  Plato  derived  his  doctrine  upon  this 
time  i Find  tbc  moon's  place  in  her  visihla  way  for  that  subject.” 

moment;  and  from  that  point  as  a centre,  with  the  inter-  PHII.OSOPHEK,  a person  well  versed  in  philosophy  ; 
val  of  tbejnoon’s  semidiameter,  describe  acircle:  In  like  or  who  m.ikes  a profession  of,  or  applu*  himself  to,  the 
manner  .find  the  sun’s  place  in  the  ecliptic,  fnim  which,  study  of  nature  or  of  morality. 

with  the  seinidiameler  of  the  sun,  Jesenbe  another  circle;  PiiiLOSoriiEu's  Nrone,  a long-sought-for  preparation, 
the  inlcrscctjon  of  tbc  two  circles  shows  the  phases  ol  (be  which  was  to  transmute  or  exalt  impure  metals  such  as 
4 cUpse,  the  quantity  of  obscuration,  oud  the  position  of  tin,  lead,  copper,  Ac,  into  gold.  Tlic're  are  three  methods 
the  ciisps  or  boros.  a by  w hich  the  alchemists  have  attempted  to  arrive  at  the  art 
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of  making  gold;  tbe  fir»t  by^scparatiun,  ibc  secomi  by 
muturatioiu  ami  iKc  tliird  by  (rAn9tnutution,  or  Lurnmg  all 
iiiciuls  n-Hdily^into  pure  golu,  by  nudling  them  in  the  tire, 
nnd  casltog  a little  quantity  of  a certain  pieparatiun  into 
the  lifsi-d  matter,  upon  tsliich  the  fmco  are  vulatiii2td 
and  burnt,  and  tbe  r«t  of  the  ma»s  turnc<l  into  pure  gold. 
Many  ihouMnds  of  receipts  hare  been  given  for  conduct- 
iiig  the  cxperifiicnta  in  thi»  art,  and  inaay  |icnomi  have 
ruiiK-d  thi-ir  lortuiic^i  in  the -pursuit  of  it;  but  repented 
failures  have  at  lavt'  put  an  end  to  ibut  bopclexs  »pecu- 
latiun.  • 

PHILOSOPIIICALTttANaACTioxSjihofce  of  the  Royal 
i»ociely.  ber  Tkakhactioxs. 

PHILOSOPHIZING,  the  act  of  considering  mme  ob- 
ject of  our  knuuledge,  examining  its  properiu's,  with  the 
phenomena  it  exhibits,  ami  inquiring  inti»  their  causes  or 
effects,  and  the  laws  of  them ; tbe  whole  conducted  accord- 
ing to  the  nature  and  reason  of  things,  and  directed  to  the 
improvement  of  knowledge. 

'JTie  Rules  of  PiiiLOAoni nttxo,  as  established  by  sir 
Isaac  Newton,  are,  I.  I'hat  no  more  causes  ui  a natural 
effect  be  admitted  than  arc  true,  and  suflicc  to  account  lor 
its  phenomena.  This  agrees  wiih  the  sentiments  of  most 
philosophers,  who  hold  that  nature  docs  mdhing  m ?ain  ; 
and  that  it  wnrt>  vain  to  do  that  by  many  means,  wliich 
might  be  dune  by  fewer. 

2.  That  natural  rtft'cts  of  the  same  kind,  proceed  from 
the  same  caust^.  Thus,  fur  instance,  the  cause  of  rcspi- 
ratioo  i&  one  and  the  luinic  in  man  and  brute;  the  cause  of 
the  descent  of  a st4tne,  the  same  in  Europe  as  in  Ainmca ; 
the  cause  of  light,  the  same  in  the  sun  and  in  culinary  hie; 
and  (he  cause  of  rcHeCtiun,  the  same  in  the  planets  as  the 
earth. 

3.  Those  qnulitii's  of  bnlies  which  are  not  capable  of 
being  heightened,  and  mtitUt-d,  and  which  are  found  in 
all  bodies  on  which  experiiueiits  can  .tK'  made,  must  be 
considered  as  universal  qualities  of  all  bodies.  Thus,  tbe 
< xtensiun  of  body  is  only  perceived  by  our  sens4-s,  nor  is 
it  pcicvivable  in  all  bodies : but  since  it  is  found  in  all 
tiuil  we  have  perception  of,  it  may  be  adirined  of  all.  bo 
we  find  that  sevetal  bodit-tare  hard;  and  argue  that  the 
hardness  of  the  whole  only  arises  from  riie  hardness  of  ihc 
parts:  whence  we  infer  that  the  particles,  nut  only  of 
thuse  bodies  which  are  sensible,  hut  of  all  others,  are  Itkc- 
wisc  hard.  Lastly,  if  ail  the  bodies  about  the  earth  gravi- 
tate towards  the  earth,  and  this  according  to  tbe  quaiilily 
of  matter  in  each  ; and  if  the  moon  gravitate  towards  the 
earth  also,  according  to  its  quantity  of  matter ; and  the  sea 
again  gravitate  towards  the  moon  ; and  ail  the  planets  and 
cumcis  gravitate  towards  each  other:  it  may  he  afTiniicd 
universally,  that  all  boilicsin  the  errution  gravitate  tow  ards 
each  other.  This  rule  is'  the  foundation  of  all  natural 
philosophy. 

PHILOSOPHY,  the  knowledge  or  study  of  nature  or 
inuralily,  founded  on  reason  and  cxperieiire.  Laterally 
and  originally,  the  word  signified  ii  love  of  wisdom.  But 
by  pliilusuphy  IS  now  meant  the  knowledge  of  the  nature 
and  reasons  of  tilings;  os  dulinguisfied  from  history,  which 
is  the  bare  knowledge  of  facts;  nnd  from  malhcinatics, 
which  i*  the  knowledge  of  the  quantity  and  nicasup-s  of 
things.  Thi*sc  thret*  kindi  of  knowledge  ought  to  be  joined 
as  much  ns  possible. . History  furbishes  maltf  r,  principk-a, 
and  practical  examinalions;  and  mathematics  coniplelc*s 
tbe  evidence. 

Philoaophy  beiug  the  knowledge  of  the  reasons  of 


tilings,  all  arts  must  have  their  peculiar  philosophy  which 
constituu-s  their  thcxiry:  not  only  law  and  physic,  hut  the 
lowest  and  must  abject  arts  are  not  without  their  reasons. 
It  is  to  be  observed  that  the  bare  intelligence  and  memory' 
of  philosophical  propositions,  without  any  ability  to  de- 
monstrate them,  IS  not  philosophy,  but  history  only.  How- 
ever, where,  such  pro|)(>iitiuns  arc  determimite  and  true, 
they  may  be  usefully  applied  in  practice,  even  by  those 
who  are  ignorant  of  tiietr  demonsinuions.  Of  this  we  seq 
daily  insianreain  the  rules  of  arilhmeitc,  practical  gi'onic- 
try,  and  navigation  ; the  rea.>>onsol  which  arcofn  n not  un- 
derstood by  those  who  practise  them  with  success.  And 
this  success  In  the  application  produces  a Conviction 
of  mind,  which  is  a kind  of  medium  between  philoso- 
phical or  scientific  knowledge,  and  that  which  is  histori- 
cal only.  * 

If  wc  consider  the  differmee  there  is  bHween  natural 
philosophers,  and  other  men,  with  regard  to  their  know-^ 
ledge  of  phenomena,  we  shall  find  it  consists  not  in  an 
exacler  knowledge  of  the  efficient  cause  ihat  pro<luces 
them,  fur  that  cun  be  no  other  than  the  will  of  tho  Deity; 
but  only  in  u greater  and  more  enlarged  comprehension, 
by  winch  anuh>«^cs,  harmoiiK’S,.  nnd  agreements  arc  de^ 
scribed  in  tlie  works  of  nnturv*,  and  the  particular  effects 
expUiued;  that  is,  reduced  to  g(4M-rai  rules,  whfcli  rules, 
grounded  on  tbe  analogy  and  uuilonmu’ss  observed  in  the 
production  of  natural  eHecta,  are  more  agreeable,  and 
sought  ntlcr  by  the  mind;  for  that  ibcy  extend  our 
prospect  U'yvmi  wliat  is  present,  aud  near  to  us,  and 
enable  us  to  make  very  piobable  conjectures,  concerning 
thin^  that  may  liave  ituppened  at  very  great  distances  of 
time  and  place,  well  as  to  predict  tilings  to  come;  w hich 
sort  of  endeavour  towards  omniscience  is  much  affected  by 
the  mind.  Berkeley,  Priiicip.  of  Mum.  Knowledge,  sect. 
104>,  105. 

From  the  first  broachers  of  new  opinions,  and  the  first 
founders  schools,  philosophy  is  ItHComc  divided  into 
several  secu,  some  ancii-nt,  others  modern ; such  are  the 
iNatoin.'.ls,  I’cnpatelics,  Epicureans,  Stoics,  I’yrrhonians, 
and  Academics;  iils<i  the  C!artrsians,  Kewumiaiis,  6cc. 
See  the  particular  articles  lor  eacli.  Philosophy  may  be 
divided  into  two  branches,  or  it  may  be  considered  under 
two  circumstances,  theoretical  and  practical* 

TkeorciicaJ  ot  SjKcklulive  PiiiLusuPiiY,  is  rmployccl  in 
mere  cunteiuplatioo.  buch  is  pliysics,  which  is  a bare 
contemplation  of  nature,  and  natural  things. 

Philosophy  may  be  divided  into  three  parts;  intel- 
lectual, moral,  and  physical:  the  intellectual  part  com- 
prises logic  and  metaphysics ; the  moral  part  contains  the 
laws  of  nature  arid  nations,  ethics  and  politics;  and  lastly 
theph)Sical  part  comprehends  the  doctrine  of  bodies,  ani- 
mate or  inanimate : these,  with  their  various  subdivisions, 
will  comprisv*  the  whole  of  philosophy. 

iVoci/cu/ PittLosopii Y,  is  that  which  lays  down  tbe 
rules  of  a virtuous  and  happy  life;  and  excites  os  to  the 
practice  of  them.  Most  authors  divide  it  into  two  kinds, 
answerable  to  the  two  sorts  of  human  actions  to  be  di- 
rected by  it;  via,  logic,  which  governs  the  operations  of  the 
understanding:  and  ethics,  properly  so  called,  which  di- 
rect those  of  the  will.  « 

For  the  M'verai  particular  kinds  of  philuiiopby,  sec  the 
articles,  .Arabian*  Aristotelian,  Atomical,  Cartesian,  Cor- 
puscular, Epicurean,  Expenmenial,  Hcrmeiical,  Leib- 
niizlan,  Mechanical,  Moral,  Natural,  Newtonian,  Oncoud, 
Platonic,  Scholastic,  Socratic,  &c,  &c. 
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PHLOGISTON,  in  Chemistry,  a term  that  seems  tn  be 
tlmgst  banished  frum  our  language.  It  was  invented  by 
Stah),  according  to  whom  there  is  only  one  subslaacc  in 
nature  cai>ablc  of  combustion,  this  he  culled  phlugivtun. 
and  all  those  bodies  which  can  be  iiiHamed  contain  mure 
or  less  of  it.  I'oir.buslion  by  hi*  theory  is  ineicly  Uic  se- 
paration of  this  substance.  Those  tMHlics  which  contain 
some  of  it  are  incombu*<tib)cs.  All  cc*iQbu-«tiblrs  are 
composed  ut  an  incombustible  body  and  phiogistoi:  uiiilcd ; 
and  during  tlic  combustion  the  phlogisKai  fins  oil,  and 
the  incoinbustiblc  body  is  IcU  Ixmind,  '^hu^  when  sui- 
phur  is  burnt,  the  «iubs(dncc  that  remains  is  suipbunc 
acid,  an  iacombu3>ttbk'  body.  Sulphur  therefore  is  said 
to  be  composed  of  sulphuric  acid  and  phlogiston.  This 
theory  has  long  since  given  place  lo  that  c>iabhshe<i  by 
Lavoisier,  and  so  much  improved  by  Dr. 'Ihomsun  of 
Edinburgh.  See  the  article  Comhustion. 

PH(£NIX,a  constellation  of  thesoutbern  bemispbere; 
being  one  of  the  new-edded  astensms,  unknown  to  the 
ancients,  and  is  not  visible  in  our  northern  parts  of  the 
globe.  There  arc  13  stars  in  this  constclUtion. 

PHONICS,  otherwise  called  Acoustics,  is  the  doc- 
trine or  science  of  sounds.  Phonics  may  be  considered 
as  an  art  analogous  to  optics;  and  may  be  divided,  like 
that,  into  direct,  refracted,  and  reflected.  These  branches, 
the  bishop  of  Ferns,  in  allusion  to  the  parts  of  optics,  de- 
nominates phonics,  diaphunics,  and  catapbonics.  Sec 
Acoustics. 

PHOSPHORUS,  a matter  which  shines,  or  even  bums 
spoottncously,  and  without  the  application  of  any  sensible 
Hre.  Phosphori  are  cither  naturaJ  or  artiflcial. 

Naturai  PuospfiORi,  arc  matters  which  become  lu- 
minous at  certain  times,  without  the  assistance  of  any  art 
or  preparation.  Such  arc  the  glow-worms,  frequent  in 
our  colder  countries  ; lantern-flies,  and  other  shining  in- 
sects, in  hot  countries;  rotten-wood;  Ihe  eyes,  blood, 
scales,  flesb,  sweat,  feathers,  &c,  of  several  animals;  dia- 
monds, when  rubbed  after  a certain  manner,  or  after 
having  been  c.xposcd  to  (he  sun  or  "light;  sugar  and  sul- 
phur, when  pounded  in  a dark  place;  sea-wnter,  and  some 
mineral  waters,  when  briskly  agitated;  a cats  or  boisc’s 
back,  duly  rubbed  with  the  hand,  6rc,  in  (he  dark;  nay 
Dr.  Croon  (ells  us,  that  on  rubbing  bis  own  body  briskly 
with  a well-warmed  shirt,  he  has  frequently  made  both  to 
shine;  and  Dr.  Sloane  adds,  that  he  knew  a gentleman  of 
Bristol,  and  his  son,  both  whose  stockings  would  thirve 
much  after  walking.  All  natural  phosphori  have  this  in 
common,  that  they  do  not  shine  always,  and  that  (hey 
never  give  any  heat.  Of  all  the  natural  phosphori,  that 
which  has  occasioned  the  greatest  speculation,  is  the 

Barometrical  or  Mercurial  Phosthorus.  M.  Picard 
first  observed,  that  the  mercury  of  his  barometer,  whcti 
shaken  in  a dark  place,  emitted  light.  And  many  fanciful 
explanations  have  been  given  of  this  phenomenon,  which 
howevet  is  now  found  to  be  a mere  electrical  eflect.  Mr. 
tlawksbcc  has  several  experiments  on  this  appearance. 
Passing  air  forcibly  through  the  body  of  quicksilver, 
placed  in  an  exhausted  receiver,  the  parts  were  vioK-nily 
driven  against  the  side  of  the  receiver,  and  gave  all  around 
the  appearance  of  Arc ; coiiliuuing  thus  till  the  receiver 
was  half  full  again  of  air. 

From  other  experiments  he  found,  that  though  the  ap- 
pearance of  light  was  not  producible  by  agitating  the  mer- 
cury in  the  same  manner  in  the  common  air,  yet  that  a 
very  fine  modiuro,  nearly  approaching  to  a vacuum,  was 


not  at  all  necessary.  Ani^  lastly,  from  other  experimecU 
he  found  that  mercury  includ'd  in  water,  which  commu- 
nicated with  the  open  uir,  by  a violent  shaking  of  tlie  vessel 
in  which  it  vrati  inclosed,  emitted  particles  of  light  in  great 
pleiiiY,  like  little  stars.  By  including  the  vesM'l  of  mer- 
cury, in  a receiver,  and  e.xliausiing  the  air,  the  phe> 
noaienou  was  changed ; and  on  shaking  the  vessel,  instead 
of  ot  light,  the  whole  mass  appeared  or>e  continued 

circle  of  light 

Further,  if  mercury  be  inclosed  in  a glass  tube,  close 
Slopped,  that  tube  is  found,  on  being  rubbed,  to  give  much 
moic  light,  than  when  it  had  no  mercury  in  it  When 
ibis  tube  has  been  rubbed,  after  raising  successively  its 
extremities,  that  the  mercury  might  flow  from  one  end  to 
the  other,  a light  is  seen  creeping  in  a serpentine  manner 
all  along  the  tube,  the  mercury  being  oil  luminous.  By 
making  tlie/nercury  run  along  the  lube  afterwards  with- 
out rubbing  it,  it  emitted  some  light,  though  much  lest 
tluti  befort';  this  proves  that  the  friction  of  the  mercury 
against  the  gloss,  in  running  along,  does  in  some  measure 
electrify  the  glass,  as  the  rubbing  it  with  the  band  does, 
onlv  in  o much  less  degree.  '1  his  is  more  plainly  proved 
by  inylug  some  very  light  down  near  the  tube,  fur  this  will 
be  atii^acted  by  the  electricity  raided  by  the  running  of  the 
mercury,  and  will  rise  to  that  part  of  the  glass  along  which 
’ the  mercury  runs ; from  which  it  is  evident,  (bat  what  bas 
been  long  known  in  the  world  under  the  name  of  the  phos- 
phorus of  the  barometer,  is  not  a phosphorus,  but  merely 
a light  raid'd  by  electricity,  the  mercury  electrifying  the 
tube.  Philos.  Trans.  No.  484.  « 

Artijiciai  Phosphori,  are  such  as  owe  their  luminous 
quality  to  some  art  or  preparation.  Some  of  these  are 
made  by  the  maceration  of  plants  atone,  and  without  any 
fire;  such  as  thread,  linen  cloth,  but  above  all  paper: 
tbc  luminous  appearance  of  this  Iasi,  which  it  is  now  known 
is  an  electrical  phenomenon,  ia  greatly  incrcmied  by  heal. 
Almost  all  bodies,  by  a proper  treatment,  have  that  power 
of  shining  in  the  dark,  which  at  first  was  supposed  to  be 
the  properly  of  one,  and  afterwards  only  of  a few.  See 
Philos.  Trans.  No.  478,  in  vol.  44,  pa.  H3. 

The  discovery  of  phosphorus  was  made  in  l677  by  one 
Brandt,  a citizen  of  Hamburgh,  in  his  researches  for  the 
bhilosopber  s stone,  aud  the  preparation  was  long  kept  a 
lucrative  secret  in  the  hands  of  a few  persons ; but  as  it  wu 
generally  known  to  have  been  prepared  from  human  urine> 
and  ms  the  method  then  employed,  lb(>ugh  tedious  and  dis- 
gusting, was  extremely  simple,  it  was  detected  by  several 
chemists,  but  first  by  Kunckel  and  Mr.  Boyle,  and  the 
real  nature  uf  phosphorus  has  been  gradually  explained  by 
a vast  iiumb^  of  ingenious  and  elaborate  researches. 
Kunckel  having  first  discovered  the  method  of  preparing 
this  substance,  it  is  generally  called  Kunckel's  phosphorus. 

The  earliest  method  of  preparing  phospliorus  was  in  the 
following  manner.  A largo  quantity  of  human  urine  was 
collected,  and  after  remaining  for  a time  to  become 
putrid,  it  was  ovaporated  to  dryness  in  any  suitable  >es- 
sel.  The  residue  was  then  mixed  with  charcoal  in  pow- 
der, and  heated  gradually  to  low  redness  in  nn  iron  pot, 
till  the  mass  began  to  send  forth  blue  luminous  vapours. 
It  was  then  removed  into  a coated  earthen  retort  with  a 
receiver,  and  beat  applied  gradually  till  it  reached  the 
utmost  intensity;  during  which  the  phosphorus  distilled 
over,  and  partly  concreted  in  tbc  neck  of  the  retort,  and 
partly  fell  in  drops  into  the  receiver.  This,  which  was  at 
first  black  and  foul,  was  purified  by  melting,  and  was 


P I c 


PHY 


i 3 


formed  ioto  iticki*  which  were  long  fold  at  a very  high 
price*  u a great  philosophical  curtoaity. 

'rhis  disgusting  prooeu  it  now  completely  laid  aside, 
and  phosphorus  is  obtained  in  a much  mure  certain  man> 
ner,  from  the  white  earth  left  after  tbo  calcination  of 
bones ; but  for  the  process  of  which  operation  we  must 
refer  the  reader  to  Murray*s  and  Parkinson's  Chemistries, 
and  Co  the  article  Phosphorus  in  Aikin's  Chemical  Dic- 
tionary. 

Mrfhy  curious  and  amusing  eNperiroents  are  tpadewitli 
pbospb<»nja  ; as  by  writing  with  it,  when  the  letters  will 
appear  like  dame  in  the  dark,  though  in  the  light  nothing 
appears  but  a dim  snsoke;  also  a little  bit  of  it  rubbed 
between  two  pap<‘rs,  prcaenily  takes  dre,  and  bums  rehc- 
mently;  &c,  Hy  washing  the  face,  or  hands,  5cc,  with 
liquid  phosphorus,  they  will  shim*  scry  coiuiderably  in 
the  dark,  and  the  lustre  will  becommunicaicd  to  adjacent 
objects,  yet,  without  hurting  the  skin : and  on  bringing  in 
the  candle,  the  shining  disap|M-ars,  and  no  change  is 
perceivable. 

PjiosFHoaus,  in  Astronomy,  is  the  morning  star,  or 
the  planet  V*eous,  when  she  Ases  bcl'ore  the  tun.  Tlic 
Latins  call  it  Lucifer,  the  French  Ltoiie  de  berger,  and 
the  Greeks  Phosphorus. 

•*  ' PHOSPHUK£TS,  in  Chemistry,  are  substances  form- 
ed by  on  union  with  phosphorus  : thus,  we  have  the  phus- 
phuret  of  carbon,  which  is  a com|>ound  of  carbon  with 
•phosphorus}  wo  have  likewise  the  pbotphurct  of  lime, 
hydrogen,  drc.  * 

' PHOSPllURETTF.D  Hydi'ogen,  phosphorus  ditiolvctl 
in  hydrogen  gas;  which  may  be  done  by  introducing 
phosphorus  into  a glass  jar  of  hydrogen  gas  standing 
over  mercury,  and  then  mrliing  it  by  means  of  a 
bhmtng  glass;  the  gas  dissolves  a large  proportion  of 
iL  The  compound  has  a very  fetid  odolir,*  something 
like  that  from  putrid  Ash.  When  it  comes  into  con- 
tact with  common  air,  it  burns  with  great  rapidity, 
and  if  mixed  with  that  air  it  detonates  violently.  Oxygen 
gas  produces  a still  more  rapid  and  brilliant  combustion 
than  common  air.  When  bubbles  of  it  arc  made  to 
pass  up  through  water,  they  explode  in  succession  as 
they  reach  the  surface  of  the  liquid;  a beautiful  column 
of  white  smoke  is  formed.  This  gas  is  the  m6st  combus- 
tible substance  known.  Its  combustion  is  the  combina- 
tion of  its  phosphorus  and  hydro^n  w'^  the  oxygen  of 
the  atmosphere,  and  life  products  are  phofpkuric  acid  ami 
water,  t'heso  substances,  mixed  ol^orobineti,  constitute 
the  white  smoke. 

PHYSICAL.  Something  belonging  to  nature,  or  ex- 
isting in  it.  Thu’,  we  say  a physical  point,  in  opposition 
to  a mathematical  one,  which  last  only  exists  in  the  imo- 
gination.  Ora  pfa^ical  substance  or  body,  in  opposition 
to  spint,ur  metaphysical  substance,  drc. 

Pn  rticAt..  or  Amrihig  Horizon,  Sec  Hoaixuv. 

Pil  VSico-;l/ai/i<wi«/»fS,  or  .Wixed  Mathimalict,  includes 
those  brandies  of  pb>Sics  which,  uniting  observation  and 
experiment  to  mathviiiatical  calculation,  cxfd&tn  malhe- 
malirally  the  phenomena  of  natures 

PHYSICS,  calKd  also  PAyssoIqgy,  and  Satural 
sopAy,  is  the  doctrine  of  natural  bo(lH*s,  their  phenomena, 
causes,  and  effects,  with  their  various  affections,  mo- 
tions, operations,  Ac.  So  that  the  immediate  and  proper 
objects  of  physics,  arc  btMly,  space,  and  motion.  'Ihe 
origin  of  physics  is  ref-rred*,  by  the  GrsTks,  to  tlio  lUr- 
barians,  vir,  the  hrachmans,  the  inagt,  and  the  Hebrew 
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and  Egyptian  priests.  From  these  it  passed  to  the  Greek 
sages  or  sopbi,  partiqiilarly  to  Tfaflet,  who  it  is  said  first 
professed  the  study  of  natuir  in  Greece,  jlcnce  it  de- 
scended into  the  schools  of  the  Pythagoreans,  the  Vlato- 
nists,  and  the  Pcrip.'iteilcs ; whence  it  passed  into  Italy, 
and  ihcnce  through  the  rest  of  Europe  : ahough  the 
druids,  bards,  &c,  had  « kind  uf  system  of  physics  ^iheir 
-Own.— Physics  may  be  divided,  with  regard  to  the  man- 
ner in  which  it  has  been  treated,  into  the  following  kinds. 

Physics,  nr  such  as  was  couched  under 
symbols : such  was  that  of  the  old  Egyptians,  Pythago- 
reans, and  Platonists  ; who  delivered  the  properties  of 
natural  bo<lies  under  arithmetical  and  geomoiricdl  cha- 
racters, and  hien^lyphics. 

Periputetical  Physics,  or  that  of  the  Aristotelians, 
who  explained  the  nature  of  things  by  matter,  form,  and 
privation,  elementary  and  occult  qualities,  sympathies, 
antipathies, -attractions,  Ac. 

Experimental  Pn  Ysica,  whfth  inquires  into  the  reasons 
and  natures  of  things  from  experinvents  : such  as  those  in 
chemistry,  bydrostntict,  piK-umatics,  optics.  Ac. 

Mechunicai  or  OtrjmKalar  Physics,  which  explains 
the  appearancaa  of  nature  from  the  matter,  motion,  struc- 
ture, and  figure  of  bodies  and  their  parts;  all  according 
to  the  settled  laws  of  nature  and  mechanics.  Sec  each 
of  these  articles  under  its  proper  head. 

PIASTER,  a Spanish  money,  more  usually  called  Piece 
of  Eight,  about  the  value  of  4«.  6d. 

PIAif/A,  popularly  called  Piuche,  an  Italian  name  fur 
a portico,  or  covi  red  walk,  supported  by  arches.  • 

PIAZZf,  a small  new  primary  plarM-t,  discovered  Jan. 
1,  1800,  by  the  astronomer  Piaaai  of  Palermo.  It  isajso 
called  Class;  which  see; 

PICARD  (Joii  K,)  an  able  mathematician  of  Fraace,  and  « 
one  of  the  most  learned  astronomers  of  the  I7th  century, 
was  born  at  Meclir,  and  became  priest  and  prior  of 
Rillc  in  Anjou.  Coming  afterwards  to  Pai^  his  talents 
for  mathematics  and  astronomy  soon  raado  him  known  and 
respected.  In  l566  he  was  appointed  asmmomer  in  Ihe 
Academy  of  Sciences.  And  hvc  years  afle/,  be  was  sent, 
by  order  of  the  king,  to  the  castle  of  Uraniburg,  built  by 
Tycho  Brahe  in  I>rnmark,  to  make  astronomicol  obser- 
vations there,  and  from  thence  he  brought  the  original 
manuscripts,  written  by  Tycho  Brah^;  which  arc  the 
more  valuable,  as  they  ddfer^n  many  placet  frwn  the 
printed  copies,  and  contain  a book  more  (ban  has  yet 
appeared.  Those  discoveries  w ere  followed  by  many  others, 
particularly  in  asirooomy.  He  was  one  of  the  tirst  who 
applied  the  (viescopc  to  aNtronomical  quadrants : he  tint 
executed  the 'work  called,  1a  Connots&atice  dot  Torn ps, 
which  he  calculaird  from  1679  to  1083  inclusively;  he 
first  obverml  the  |uht  in  the  vacuum  of  l^e  barometer, 
or  the  mercurial  phmpHorus:  bo  also  first  of  any  went 
through  st'veral  |Mrts  of  Fntncc,  to  measure  the  degrees 
of  the  French  mtridian,  and  first  gan*  a chart  of  the 
country,  which  the  Cawinis  afterwards  carped  to  a grrat 
degree  of  perfection.  lAr  died  in  1082  or  1 083,  leaving 
a name  dear  to  his  friends,  ami  respectalde  to  liis  ciintecn- 
|)orarirs  and  to  posteiity.  His  works  arc, 

].  A IreatKe  on  lovcllin!*. 

2-  Pra^cal  IHalling^by  calculation. 

3.  Fragments  oi  Dtoptvics.  * 

4.  Experime-ntR  on  Running  Water. 

5.  Of  Measiirrmrnts. 

6'.  Mensuration  of  Fluids  aud  Solids. 
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7.  Abridgincrti  oi'thc  Mi'a!^ure  ot*  ()te  Earlb. 

B.  Juurnvy  to  L’rauiburj^, or  A^uoouiuical  Observations 
muiic  in  Denmark.  • 

5>.  A^ironomicai  Olnervatioiis  made  in  i-Vancc. 

10.  1.A  Cunnonsanci'deaTfiupSyirum  167^  to  l6S3. 

All  tlicM',  and  soiiK- other  oflii.s  works,  Mhieli  arvuiucb 
- cstc'cmid,  arc  pviii  m the  (>ih  and  "th  volumes  of  the 
Memoirs  td  ihc  Academy  ofSriencrs. 

PlCKL'l',  i^cguetfbr  in  Foiti6catiort  a slake 

sharp  ut  one  c‘ud»  and  usually  »hod  with  iron,  used  in 
laying  out  ground,  to  muik  its  several  bounds  and  angles. 
'1  bore  an  also  larger  pic  kets,  driven  into  the  earth,  to  hold 
togctln-r  fascines  or  laggots,  10  works  that  are  thrown  up 
in  liasuv  As'  aho  various  kinds  of  siiialler  pickets  for 
divcis  other  uses. 

riKCEb,  in  Artillery,  include  ail  kinds  of  great  guns 
iViiid  mortals. ; meaning  pieces  of  ordnance,  or  ui  artillery. 

PU’IDUL'C  fll'J.,  in  Architecture,  a little  stand,  or  pe- 
destal, either  oblong  oi'  »<]uaTr,  enriched  with  mouldings ; 
serving  (n  suppoit  a bust,  or  other  little  tigurc;  and  iS 
more  usually  culU*d  a bracket  pedestal. 

PlEDUOn'j  in  .Architecture,  a kind  of  square  pillar, 
or  pier,  partly  hid  withm  a wall.  JMering  trom  the  pi- 
laster by  bavmg  no  regular  base  nor  capital. 

PikuaotT  is  aUo  used  for  a part  tif  the  solid  wall  an- 
nexed to  a door  or  w indow  ; comprehending  the  dooi-pust, 
chainhruiilc,  tableau,  leaf,  &c. 

PIER,  in  Building,  denotes  a mass  of  atone,  dee,  op- 
posed by  way  of  fortress,  against  the  force  of  the  sea,  or 
a great  river,  for  the  vecunty  of  ships  lying  in  any  har- 
bour or  haven.  Such  are  the  piers  at  Dover,  or  Ratnagalr, 
or  Yarmouth,  <S:c. 

t^iLns  are  also  used  in  Architecture  for  a kind  of  pi- 
lasters, or  buttresses,  raised  for  support,,  strength,  and 
sometimes  for  ornament. 

Circular  PiKRH,  are  called  Massive  Columns  and  are 
cither  with  or  without  caps.  These  are  often  seen  in 
Saracenic  architecture. 

Pisns,  of  a Bridge,  are  the  walls  built  to  support  the 
aTches,  and  fA>m  which  they  spring  as  ba^s,  to  stand 
upon.  Piers  sltould  be  built  of  large  blocks  of  stone, 
s^id  thruiigliout,  and  cramped  together  witli  iron,  which 
will  make  the  whole  as  one  solid  stone.  Their  extre- 
mities, or  ends,  from  the  bottom,  or  base,  up  10  high- 
water  murk,  ought  to  project  sharp  out  with  a saltant 
angle,  to  divide  the  stream.  Ur  perhaps  the  bottom  part 
of  the  pier  should  be  built  flat  or  square  up  to  about  half 
the  height  of  low-wiatrr  mark,^  to  encourage  a lodgment 
against  it  for  the  sand  and  mud,  to  cover  the  foundatiiin  ; 
lest,  being  left  bare,  the  water  should  in  time  uii- 
dmnioc  aud  ruin  it.  The  best  form  of  the  projection 
for  dividing  the  stream,  is  the  tiiungh'^  and  the  lunger  it 
is,  or  the  more  acute  the  salmut  un/ne,  the  b<*tlcr  it  will 
divide  it,  and  the  less  will  tii^  force  of  the  vralcr  be  against 
the  pier;  but  it  may  be  suOicicni  to  make  that  angle  a 
right  one,  as  it  wrill  reader  the  masonry  strungcT,  and  in 
that  case  the  perpendicular  projection  will  be  equal  to 
hiilf  the  bnudth  or  thickness  of  the  pier.  In  rivers 
where  large  heavy  craft  navigate,  and  pass  the  arches,  it 
may  perhaps  hvi  better  to  make  the  ends  semicircular; 
for  though  this  bgure  docs  not  divide  the  water  so  well  as 
the  triangle,  it  will  better  tuni  off,  and  bear  the  shock  of 
the  craft. 

The  thickness  of  the  piers  ought  to  be  such  as  will  make 
them  nf  weight.,  or  strength,  suliicicnt  to  support  ibcirin- 
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terjaceut  arch,  independent  of  the  assistance  of  any  other 
avchca.  And  then,  If  the  middle  of  llic  pier  be  run  up 
to  its  tull  bright,  the  centring  may  be  struck,  to  be  ui>ed 
in  another  arch,  before  the  lianches  or  spandrels  arc  filled 
up.  Ihry  ought  also  to  bt*  made  with  a broad  bottom  on 


To  (he  thick-nett  r«  0/  the  Piers,  nccev^arv  to  sup- 
port an  arch  abm,  this  is  a general  rule.  Let  k be  the 
centre  of  gravity  of  the  half  arch  adcb,  a =s  its  area', 
KL  pcr|Hiidiciihtr  to  .vu  the  span  of  the  arch,  ub  its 
height,  and  ncits  thickness  at  the  crown  : then  u the  thick- 

ness  of  the  pur  po  =^(-- x *>s). 

The  investigations  of  this  rule,  atul  other  methods  fot 
Ibis  purpose,  may  be  se«'n  in  my  'I'racts,  vol.  1 , pa.  72,  hrc. 

PIKE,  an  uflensivc  weapon,  consisting  of  a shaft  of 
wood,  12  or  H-  Uvt  long,  headed  with  a rtut-pointed  steed, 
called  the  spear.  IMiny  says  the  I.act  demoniuns  wen?  life 
inventors ofibc  pike.  The  Mneedontun  phalanx  wasevi- 
d(*ntly  a iatluliun  of  pikemen.  '1  he  pike  was  tong  used 
by  the  infantry,  to  enable  them  to  susliiin  the  nUurk  of  the 
cavalry ; but  it  is  now  taken  from  them,  and  the  bayonet, 
fixed  to  the  muaxle  of  the  firelock,  is  given  inst(*tid  of  it. 
It  is  kiill  Used  by  somc<»fficerti  of  infnnir) , unOi-r  the  tmiiic 
of  sponcooii. 

liuif  Pi  K E is  the  weapon  carried  by  an  cfTirer  of  foot ; 
being  only  8 or  9 feet  long. 

PILASTER,  in  Aicluteciure,  a square  column,  some- 
times insulated,  l^t  inmc  lieqm  mly  let  wjilun  a wall,  and 
only  projecting  T>y  a Ath  or  aili  qmrt  of  its  thickness. 
'1  he  pilaster  isditU  rent  in  the  dirii  ieni  orders  ; borrowing 
the  name  of  each  order,  and  having  the  same  proportions, 
ami  the  same  capitals,  members,  and  oriiaim-nis,  with  the 
columns  themselves. 

Demi  Pilaster,  called  aLo  Membretto,  is  a pilaster 
that  supports  an  arch  ; and  it  generally  stamU  against  a 
pier  or  column. 

PILES,  in  Building,  are  large  vtukq^,  or  heamv,  sharp- 
ened at  the  end,  aud  >liod  with  iron,  to  be  driven  into  the 
ground,  for  a foundation  to  build  upmi  iii-nurvhy  places. 
Amsterdam,  and  some  olhei  (dties,  arc  wholly  built  upon 
piles.  The  stoppage  of  Dagetdijun-btinch  wiis  edected  by 
dove-tail  piles,  that  is  by  piles  m-rtised  into  one  .utoiher 
by  a dovetail  joint.  PiKs  are  dri\«  n down  by  blows  of  n 
large  iron  weight,  ram,  or  hnininer,  diopped  continually 
upon  them  from  a height,  tdl  the  pile  is  »nnk  deep  enough 
into  the  ground. 

Notw-iilistanding  the  momentum,  *>r  force  of  a body  in 
motion,  is  as  the  weight  multiplied  by  the  velocity,  ut 
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kitn|)ly  it4  the  weisiit  hemg  c;ivcn,  or  constant; 

yet  tiir  I'tItCt  i>t  ihe  blow  will  Im*  nearly  ui  the  s(|tiare  of 
lhal  velocity,  the  ri!t  ct  bein'*  the  quantity  the  pile  sink%  in 
the  gromul  by  the  itrokc.  l or  the  force  of  the  blow,  which 
t»  irai»}errcd  to  the  pile,  beiiis  desfroyert,  insorqc  certain 
dchnitc  titne,  hv  the  friction  of  the  piirt  whiuh  i»  within* 
the  earth,  and  which  iviienrly  aconstant  qountity  ; ..nd  the 
spacev,  in  con»t«int  forri-s,  being  an  the  irjuares  of  the  ve- 
locities ; tlicreforo  the  eflVcis,  which  arp  lh*»«?  :>pace$vunk, 
are  tM*arly  a»  the  square  of  the  velocities  ; or,  which  U the 
tame  thing,  nearly  as  the  heights  fallen  by  the  ram  or 
hammer,  to  the  head  of  the  pile.  See,  upon  ibis  subject. 
l^r>pold  Bclidor,  alto  Desagutien*9  Exper.  Philos,  vol.  1, 
pa.  35(>,  and  vnl.  2,  pa- 417  : and  Philos.  Trmis.  177y. 
pa.  l?0:  ali.0  my  Tract*,  wjI.3,  pr«h.S,  p;i.3l7- 

There  have  been  vnnous  contrivmicct  for  raUing  an<l 
dropping  the  hummer,  for  driving  down  tlic  piles;  Some 
simple  and  moved  by  strength  of  men,  and  some  com- 
plr.x  and  by  machinery ; but  the  completf^t  pile-driver  is 
csreeroed  that  which  was  empioyM  in  driving  the  piU-t  in 
the  foundation  of  \V.^tminster  bridge.  This  machine  was 
tlie* invention  of  Mr.  V'liuloue,  and  the  description  of  it  is 
as  follows. 

Dc^eription  of  ynuhuc'»VtLr.-Drirer.  See  fig.  2,  pi.  25- 
A is  the  great  upright  shaft  or  axle,  carrving  the  gnat 
whe'fhn  and  drum  c.  ami  turned  by  hor'C*  attaclicd  to 
Ihe  bar<  a,  s.  The  wheel  b turns  the  trundle  x,  having  a 
fly  o nt  the  top,  to  rcguintc  the  motion,  .and  to  act  against 
the  horses,  and  k''ep  them  from  falling  when  the  heavy  ram 
Q is  disengaged  to  drive  the  pile  p down  into  the  mud  &:c, 
in  the  bottom  of  the  river,  ilio  drum  c is  loose  upon  the 
shaft  A,  but  is  locked  to  the  wheel  B by  the  bolt  T.  On 
lliisdrum  thegreiil  rope  ftii  is  wound  ; one  end  of  it  being 
fixed  to  the  drum,  and  the  other  to  the  follower  c,  passing 
over  the  pulleys  i and  k.  In  the  follower  o are  contained 
the  tongs  r,  which  take  hold  of  the  ram  Q,  by  the  staple  a 
for  drawing  it  up.  i>  is  a spiral  or  fuser  fixed  to  the  drum, 
on  which  wiirds  the  small  n>pe  T,  which  goea  over  the  pul- 
ley r,  under  the  pulley  v,  and  is  fastened  to  the  top  of 
the  frame  at  7.  To  the  pullry-hlock  V is  hung  the  coun- 
terpoise w,  which  hinders  the  follower  from  accelerating 
as  it  goes  ilown  to  fake  hcjld  of  the  mm  : for,  as  the  fol- 
KiWer  tends  to  acquire  velocity  in  its  descent,  the  line  t 
winds dtwvnwards  upon  the  fu«ee,  on  a largir  and  larger 
radius,  by  which  means  the  counterpoise  w aclsstronger 
and  ttroncef  a:'uinst  it;  and  so  allows  it  to  come  down 
with  only  a tmaleratc  and  uniform  velocity.  The  boll  y 
locks  the  drum  to  the  great  wheel,  being  pushed  upward 
by  the  small  lever  C,  which  goes  thrmigh  a mortise  in  the 
shaft  A,  turns'upon  a pin  in  the  har  3 fixed  into  the  great 
wheel  n,  and  ha*  a weight  4,  which  always  tends  to  jiush 
up  the  bolt  Y through  the  wheel  into  ihe  drum,  l is  the 
great  lever  turning  on  the  axis  m,  and  resting  upon  the 
forcing  bar  5,  5,  which  goes  down  through  a hollow  in  the 
shaft  A.  and  bear*  u}M>n  the  little  lever  2. 

By  the  homu  going  round,  the  great  rope  ii  is  wound 
about  the  drum  c,  and  the  ram  q is  drawn  up  by  the  tong* 
r in  the  followi‘r  o.  till  they  come  between  the  inclined 
planes  t ; which,  by  ihutling  the  tung*  at  the  top,  open 
ilu  m below,  nnd  so  discharge  the  ram,  which  falls  down 
between  the  guide  p'wts  bb  upon  the  pile  e,  ami  drives  it 
by  a few  stroke*  as  far  into  the  ground  as  it  can  go,  or  as 
is  desired;  after  which,  the  top  part  is  wiwed  off  close  to 
(lie  mud,  by  an  engine  for  that  purjme.  linmetliately 
alter  the  rum  is  discharged,  the  piM%  upon  the  follower 


G takes  hold  of  the  ro[>e*  *70,  which  raise  the  end  id  the 
lever  L,  and  cau»t>  it*  end  x to  descend  and  pres*  down  the 
forcing  bar  5 upon  tJie  little  lever  2,  which,  by  drawing 
down  the  bolt  Y,  unlock*  the  drum  c froru  the  great  wheel 
B ; and  ik^n  the  follower,  being  at  liberty,  Comi-x  down  by 
it*  own  weight  to  the  ram  ; and  the  lower  ends  of  the  ton^ 
slip  over  tiu*  stajilc  r,  and  the  weight  of\hcir  head*  causes 
them  to  fall  outward,  and  shut  up«m  it.  Then  the  weight 
4 pushes  up  the  bolt  y into  the  drum,  which  locks  it  to 
tb<;  great  whtx‘1,  and  so  the  ram  is  drawn  up  as  before.  • 

A>  the  follower  comes  dowm,  it  cause*  ibc  drum  ^ turn 
backward,  and  unwind*  the  rope  from  it,  while  the  Gorv*s, 
the  great  wheel,  trundle,  and  fiy,  goon  wi;h  an  cninti-r- 
ruptr^d  motion  : and  as  Ihe  drum  is  turning  backward,  the 
ciKinierpotsc  w i*  drawn  up,  and  it*  rojK*  T wound  upon 
the  spiral  fusee  D.  Thme  are  sevetul  boles  in  the  under 
side  oi  the  chum,  and  the  boh  v ulway*  take's  the  first  one 
that  it  finds  when  the  drum  stop*  the  falling  of  the  fol- 
lower upon  the  ram  j till  wh'ch  stoppage,  (be  bolt  has  not 
time  to  slip  into  any  of  the  hole*. 

The  |H'Culiar  ndvantagea  of  thl*  engine  are,  that  the 
weight,  called  the  ram,  or  hammer,  imty  ho  raised  with 
the  least  force  ; that,  when  it  is  raised  to  a propc:  height, 
it  readily  disengages  itself  and  falls  with  the  utmost  frer- 
dora  ; that  the  forceps  or  tongs  ait*  lowered  down  speedily, 
and  instantly  of  themselves  again  lay  bold  of  the  mm, 
and  lift  It  up ; on  which  account  this  machine  will  drive 
the  greatest  number  of  pries  in  the  least  time,  and  with 
the  fewest  labourers. 

This  engine  was  placed  upon  a barge  on  the  water,  and 
so  was  easily  conveyed  to  any  place  desired.  Tlie  ram 
was  a ton  weight ; and  the  guides  b,  by  vrhich  it  was  let 
fall,  were  30  fret  high. 

A new  machine  for  driving  pile*  has  been  invented 
lately  by  Mr.  S.  Bunco  of  Kirby-slreet,  Hat  ton-street, 
London.  This,  it  is  said,  will  drive  a greater  number  of 
piles  in  a given  time  than  any  other ; and  that  it  can  be 
constructed  more  simply  to  work  by  horses  (ban  Vauloue's 
engine  above  described. 

Fig.  3 and  4,  plate  25,  repn'sent  a side  and  frpnt  section 
of  the  machine.  The  chief  parts  are,  a,  fig.3,  which  are 
two  endless  ropes  or  chains,  connrcled  by  cross  piece*  of 
iron  B (fig.  4)  corresponding  with  two  cross  grwvea  cut 
diametricHlIy  opposite  in  the  wheel  c (fig.3)Tnto  which 
they  are  received ; and  by  w hich  means  the  rope  or  chain 
A iscarried  round,  fhk  isa  side-view ofastrong  wooden 
frame  moveable  on  the  axis  H.  n is  a wheel,  over  which  the 
chain  passes  ond  turn*  within  at  the  top  of  the  frame.  It 
moves  occasionally  from  f to  o uptm  the  centre  i»,  unci  i* 
kept  in  the  position  F by  the  weight  i fixed  to  the  timI  k. 
In  fig.  5,  L is  the  iron  ram,  which  is  connected  with  the 
cross  pieces  by  the  htiok  m.  b is  a cylindrical  piece  of 
wood  suspcfidcd  at  the  hook  .it  o,  which  by  sliding  frtxdy 
upon  the  bar  that  connect*  the  hook  to  the  ram,  always 
brings  the  book  upright  upon  the  chain  when  at  the  bot- 
tom of  the  machine,  in  the  position  of  or.  Scir  fig.  3. 

When  the  man  at  s turns  the  usual  crane-work,  the  ram 
being  connected  to  the  chain,  and  pa.**ing  between  the 
guides,  it  is  drawn  up  in  a perpepdtrular  direction  ; and 
when  it  is  near  the  top  of  the  machine,  the  prcficcting  bar 
Q of  the  hook  strikes  against  a cross  pi(^ce  of  w'mkI  at  r 
consequently  discharges  the  ram,  while  the 
weight  I of  the  moveable  frartte  imtantly  draws  the  upper 
wheel  inte  the  position  shown  at  f.  and  keeps  the  chain 
free  of  tha  ram  in  its  descent.  The  hook,  while  descend- 
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it)g,  is  prevented  from  catching  tite  chain  by  ihc  wooden 
puce  N : for  that  piece  b^Miig  »prcilicrally  lighter  ilmti  the 
iron  wi-igbt  b<dow,  and  niuvirig  with  a icM  degree  ofvclo» 
city,  cannot  coitie  into  contact  with  the  iron,  liil  tl  at 
the  bottom,  amt  the  ram  »topf>.  It  then  falls^and  again 
connects  the  hook  tnlii  the  chain,  which  drnw»  up  the  ram, 
as  be((»rc. 

Mr.  Uunce  has  made  a model  of  this  machine,  which 
pr  t forms  pcrfrcily  well : and  he  observes,  that,  as  the  mo> 
tiofi  of  the  wht'el  c is  uiimterrupied,  there  appehrs  to  be 
the  least  possible  time  Imt  in  the  uperaiiuii. 

Pifc  is  also  used  among  Architects,  for  a mass  or  body 
of  building. 

Pile,  in  Artillery,  denotes  a 00111*011011  or  heap  of  shot 
or  shells,  piled  up  by  horizontal  courses  into  either  a pyra* 
midal  or  else  a we<lgc-likc  form  ; the  base  being  an  equila- 
teral triangle,  a square,  or  a rectangle.  In  tbe  ttiungle  and 
square,  the  pile  terminates  in  a single  ball  or  point,  ami 
forms  a pyramid,  as  in  plate  24-,  lig.  4 and  5,  but  with 
the  rectangular  base,  it  finishes  at  (up  in  a row  of  balls,  or 
an  edge,  forming  a wedge,  as  in  6g.  6. 

In  tbe  triangular  and  square  piles,  the  number  of  hori- 
zontal rows,  or  co)irM‘s,  or  (be  nuinbcr  counted  on  one  of 
the  angles  from  tbe  bottom  to  the  top,  is  always  equal  to 
the  number  counted  on  one  side,  in  tbe  bottom  row.  And 
in  rectangular  piles,  the  number  of  rows,  or  courses,  is 
equal  to  the  number  of  balls  m the  breadth  of  tbe  bottom 
row,  or  shorter  side  of  the  ba>o:  also,  in  this  case,  the 
number  in  the  top  row,  or  edge,  is  one  more  than  the  dif- 
ference between  the  length  and  breadth  of  the  base.  All 
which  is  evident  from  the  inspection  ufthe  figures,  as  above. 

The  cuursos  in  these  piles  arc  Hgurate  numbers; 

In  a triangular  pile,  each  horizontal  course  is  a trian- 
gular number,  produced  by  taking  the  successive  sums  of 
the  ordinate  numbers,  viz, 

1 = 1 

1 2 =3 

1 H-  2 3 =6* 

1 -h  2 3 4 =:  10,  ^cc. 

.\nd  the  number  of  shot  in  the  liiangular  pile,  is  tbe 
sum  of  airthesc  triangular  numbers,  taken  as  far,  or  to  as 
many  terms,  as  the  number  in  one  side  of  the  base.  There- 
fore, to  find  this  sum,  or  the  number  of  all  the  shot  in 
the  pile,  muUiply'comimially  together,  the  number  in  one 
side  of  the  base  row,  and  that  number  inen^ased  by  1 , and 
the  same  number  increased  by  2 ; ihrn  \ of  (he  last  pro- 
duct will  be  the  answer,  or  number  of  all  the  shot  in  the 
pile.  That  is,  ^ n . a I . n 2 is  the  sum ; where  n is 
the  number  in  the  bottom  row. 

Again,  in  square  piles,  each  horizontal  course  is  a square 
number,  produced  by  taking  the  square  of  the  number  in 
its  side,  or  the  successive  sums  of  the  odd  numbers,  thus, 
1 s 1 

1 .3  =4 

1 •«-  3 •«-  5 s=  9 

1 -»■  3 -e  5 7 = lb,  &c. 

And  the  number  of  shot  in  the  square  pile  is  the  sum 
of  all  these  square  numbers,  continued  so  fur,  or  to  as 
many  terms,  as  the  number  in  one  side  of  (he  base.  There- 
fore. to  find  this  sum.  diullipiy  continually  together,  the 
number  in  one  side  of  the  bottom  course,  and  that  num- 
ber increased  by  I ; and  double  the  tame  numbiT  in- 
creased by  1 ; then  \ of  the  last  product  will  be  the  sum 
or  autwer.  That  t$,  .n  1 .2n  1 is  the  sum. 

In  a rtctangular  pile,  each  horizontal  course  is  a rect- 


angle, whose  (wo  sidi*t  hare  always  tbe  same  diflereiice  as 
lhu»e  of'  the  bate  course,  and  the  breadth  of' the  lop  row, 
or  edge,  U*ing  only  I : becauM.*  each  course  in  ascending 
has  Its  length  and  breaiith  always  U-Ss  by  1 than  the  course 
next  below  it.  And  tbt*se  rectangular  evprses  are  found 
*by  mullipt^ing successively  the  terms  or  breadths  i,  2,  3, 

4,  ikCf  by  the  salne  terms  added  to  the  constant  ditfcroticc 
of  tbe  two  sidc»  d;  thus, 

I . 1 -t-  d =s  1 (i 

' 2 . 2 d = 4 2d 

n d s .0  .f.  3d 

4 . 4 d =s  to'  4d,  &c. 

And  the  number  of  shot  in  the  rectangular  pile  U the 
sum  ol  all  tlu«o  rectgnglet,  which  evidently  consist  of  the 
sum  of  the  squares,  together  with  the  sum  of  an  arithim*- 
tical  progn*ssion,  comitiued  till  the  numU'r  of  terms  be 
the  ditfiTcncc  between  the  length  ami  breadth  of  the  base,  . 
and  I U*$8  than  the  edge  or  tup  row.  Therefore,  to  find 
this  sum, 'multiply  continually  together, the  numberin  the 
breadth  of  the  base  row,  the  same  number  increased  by  i, 
and  double  the  same  number  incteaseri  by  1,  and  also  iq- 
creascii.  by  triple  the  diderence  between  the  length  and 
breadth  of  (he  base  ; ihen  f of  the  last  product  will  be  tbe 
answer,  'flial  i>,  f A . 6 -+-  1 . 2^  •+•  3d  -r-  1 is  the  sum  : 
where  A is  the  brt*adth  of  the  base,  mid  d the  ditTcrencu  hc- 
twi'en  the  length  and  breadth  of  the  bottom  course.  • 

As  to  incomplete  piles,  which  are  only  frustums,  as 
wanting  a similar  small  pile  at  (he  tup  t it  is  evident  that 
tbe  number  in  them  will  be  found,  by  first  computing  the 
number  in  the  whole  pile,  as  if  it  were  complete,  and  also 
tbe  numberin  tbe  small  pile  wonting  at  top,  both  by  their 
proper  rule ; then  subtracting  the  one  number  from  the 
pi  her.  , 

In  piling  of  shot,  when  mom  is  an  object,  it  may  be 
observed  that  tbe  square  pile  is  tbe  least  eligible  of  any, 
ns  it  takes  up  more  room,  in  proportion  to  tbe  number  of 
shot  contained  m it,  than  either  of  the  other  two  forms; 
and  that  the  rvciuagular  pile  is  the  most  eligible,  as  tak- 
ing up  the  least  ruum  iu  piopoftiuii  to  the  number  it  con- 
tains. ^ 

PlMn^VU,  a kind  of  irregular  column,  round,  and  in- 
sulated, or  detached  from  the  wall.  PilUts  arc  not  re-  * 
stricted  to  any  rules,  their  parts  and  proportions  being  ar- 
bitrary ; such  for  e.xample  as  those  that  support  Saracenic 
vaults,  and  other  buildir^S  A:c. 

PINGUL'  (Albxakder  Gut),  a Frencirasfronomtr, 
was  born  at  Paris  in  17  U i ami  died  in  179t>,  at  83  years 
of  age.  lie  applied  with  great  assiduity  to  scientific  pur- 
suits, and  became  librarian  nf  St.  Genoidve  at  Pans.  In 
17fi0  he  was  Sint  to  the  South  sea,  to  observe  the  ap- 
proaching tmnsii  of  Wnus  over  the  suns  disk.  He  was 
afterwards  employed  in  proving  the  going  of  the  lime- 
picci*s  of  M.  Leroy.  He  was  first  admitted  a member  of 
the  Ac.idemy  nf  Sciences;  and  afterwards  of  the  National 
Institute.  M.  Pingie’s  works  chiefly  arc ; I.  State  of  the 
Heavens  from  1734  to  1757.  2.  Memoirs  of  Discoveries 
made  in  tbe  South  sea,  4to.  3.  Historical  and  Th(*orctical 
Treatise  on  Comets,  2 vols.  4lo.  4.  Translation  of  Mani- 
lius's  Astronomies,  8vo.  5 History  of  Astronomy  io  the 
17tb  century. 

PINION,  in  Mechanics,  is  an  arbor,  or  spindle,  in  the 
bmly  of  which  are  several  notches,  which  arc  catched  by 
tbe  teeth  of  a wheel  that  serves  to  turn  it  round.  Or  a 
pinion  is  any  lesser  wheel  that  playsin  tbe  teeth  ofa  larger. 

In  a watch,  £cc,  the  notches  of  a pinion  are  called 
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travel,  and  not  t«o(bf  a«  in  other  wh^U;  and  their  num- 
ber is  cuininonly  4»  8,  &c. 

Pi  N ION  fUport,  w^httt  pinion,  in  a watch,  commonly 
fixed  on  Uioa^hor  of  a great  wheel ; and  which  UKd  to 
have  but  four  leave*  in  old  walchi;* : it  drives  the  dial- 
wheel,  and  carries  about  the  hand.  Thu  number  6f  turns 
to  be  laid  upon  the  pinion  of  report,  i»  found  by  this  pro- 
portton  : aa  the  beats  in  one  turn  of  the  great  wheel,  arc 
to  the  beau  in  an  hour,  to  are  the  hours  on  the  face  of 
the  clock  (vix  VZ  or  24),  to  the  quotient  of  the  hour- 
wheel  or  dial-wheel  divided  by  the  pinion  of  re|>ort,  that 
is,  by  tnc  number  of  turns  which  the  pinion  of  report 
makes  in  one  turn  of  the  dial-whocd:  which  in  numbers 
is  2b*92S  : 2ul96  : : 12  : thus;  as  the  hours  of  the 

watch's  going,  arc  to  the  numbers  of  the  turns  of  the 
fuMX',  so  are  the  hours  of  the  face,  to  the  quotient  of  tbo 
pinion  of  n^port.  So,  if  the  hours  be  IS,  then  as 
Ifi:  12: : 12  :9;  but  if  24,  then  as  l6  : 12  ; :24;  18. 

This  rule  may  serve  to  lay  the  pinion  of  report  on  any 
other  wheel,  thus:  as  the  beats  in  one  turn  of  any  wheel, 
arc  to  the  beau  in  an  hour,  sp  arc  the  hours  of  the  face, 
or  dtal-platc,  of  the  watch,  to  the  quotient  uf  the  dial- 
wheel  divided  by  the  pinion  of  report,  fixed  on  the  spindle 
of  the  aforesaid  wheel. 

PINT,  a measure  of  capacity,  being  the  Mih  part  of  a 
gallon,  both  in  ale  and  wme  measure,  &c.  The  wine  pint 
contains  29  cubic  inches ; and  the  ale  pint  35}  cubic 
inches.  The  wine  pint  of  pure  spring  water,  weighs  near 
17  ounces  avoirdupois,  and  the  ale  pint  a little  above  20 
ounces. — The  Paris  pint  contains  al^ui  2 pounds  of  com- 
mon water.  And  the  Scotch  pint,  contains  103}  cubic 
inches,  and  therefore  contains  3 . English  pinu. 

PISCES,  the  l^th  sign  or  copstcllatiun  in  tbesodlac; 
in  the  form  of  two  fishes  tied  together  by  the  tails.  The 
Greeks,  who  have  some  fable  to  account  for  the  origin  of 
every  constellation,  tell  us,  that  when  Venus  ami  Cupid 
were  one  time  on  the  hanks  of  the  Euphrates,  there  ap- 
peared before  them  that  terrible  giant  Typhoif,  who  was 
so  lung  a terror  to  all  the  gods.  These  deities  imme- 
diately, they  say,  tbri'w  themselves  into  the  water,  and 
were  there  changed  into  these  two  fishes,  the  Pisces,  by 
which  they  escaped  the  danger.  But  the  f^ptians  used 
the  signs  of  the  sodiac  as  part  of  their  hieroglyphic  lan- 
guage, and  by  the  12  they  conveyed  an  idea  of  the  pro- 
per employment  during  the  12  months  of  the  year.  The 
Ham  and  the  Bull  had,  at  that  time,  taken  to  the  increase* 
of  their  Hock,  the  young,  of  those  animats  being  then 
growing  up;  tbe  maid  Virgo,  a reaper  in  the  field,  spoke 
the  approach  of  harvest ; SagiUary  declared  autumn  the 
lime  for  hunting;  and  the  Pisces,  or  fishes  lied  together, 
in  token  of  their  being  taken,  reminded  men  that  the  ap- 
proach of  spring  was  tbe  time  for  fishing. 

The  ancienu,  as  they  gave  one  of  the  12  months  of  tbe 
year  to  the  pairunage  of  each  of  the  12  superior  deities, 
so  (hay  also  dedicated  to,  or  put  under  the  tutelage  of 
each,  one  of  the  12  signs  of  the  aodiac.  In  ibis  division, 
the  fishes  naturally  fell  to  (he  share  of  Neptune;  and 
hence  arises  that  rule  of  the  astrologers,  which  throws 
every  thing  that  regards  tbe  fate  of  tlects  and  merchan- 
dise, under  the  more  immediate  patrimagc  ami  protection 
of  this  constellation.»-The  starw  in  the  sign  Pisces  arc,  in 
Ptolemy’s  catalogue  38,  in  Tycho’s  36,  in  ilcvilius’t  39i 
and  in  the  Britannic  catalogue  113.  •. 

PiSClS  AitMralu,  tbe  Southern  Fish,  is  a consu-llatioa 
of  (he  southern  hemisphere,  bring  one  of  the  old  43  con- 
ib-llations  mentioned  by  the  ancients.  The  Greeks  have 


i»y  3 ' P L A 

here  again  the  fable  of  Venus  and  her  son  throwing  them- 
selves  into  the  sea.  to  escape  fiwm  the  terrible  1)|)hon. 
This  (a^lc  is  probably  borrouidtrom  the  hieroglyphics  of 
the  Egyptians.  Wifh  them,  a fi^fi  rcpreKmird  the  sea,  its 
eleineni;  und  T)phon  was  probably  a jund 'flo(Kl,  per- 
haps rrprvsemed  by  tbe  sign  Aquarius,  or  watrr-pourxr, 
whose  stream  or  river  is  npresenied  as  suallovved  up  by  ' 
this  fish,  as  the  land  floods  and  rivers  are  by  the  sea.  And 
Venus  was  soinu  queen,  perhaps  Seiniraniis,  otherwise 
called  Hamainah,  who  tool  to  tbe  river  or|ihc  s<a  wills 
her^aon,  in  a vessel,  to  avoid  the  floods  A:  c.  j he  remaik- 
able  star  Komahaut,  of  the  1st  magnitude,  is  just  in  the 
mouth  of  this  fish.  The  stars  of  this  conxcllatipn  are,  in 
Ptolemy’s  catalogue  18,  and  in  Flamsteed's  24. 

Pi^is  Volant,  the  .Flying  Fish,  is  a small  coastellaiiun 
of  the  southern  hemisphere,  unknown  to  (he  ancieoii^, 
being  added  by  the  moderns.  Jt.is  i>ot  visible  in  our  lati- 
tude, and  contains  only  8 stars. 

PISTOLE,  a gold  coin  in  Spain,  Italy,  Switxcriaiul,^c, 
of  the  value  of  about  l6s.  6d. 

PlS*l'ON,  a part  or  member  in  several  raaebihes,  parti- 
cularly pumps,  air-pumps,  syringes,  Ac  ; called  also  the 
emboluSfUnii  popularly  (be  sucker.  The  piston  of  a pump 
is  a short  cylinder  of  wood  or  metal,  fitted  exactly  to  the 
cavity  of  the  barrel,  or  body  ; which,  being  worked  up 
and  down  alternately,  raises  th^  water;  and  when  raised, 
presses  it  again,  so  as  to  make  it  force  up  a valve  with 
which  it  is  furnished,  and  so  escape  through  the  spout  of 
tbe  pump.  arc  two  sorts  ol  pistons  used  in  pumps  ; 

the  one  w ilh  a valve,  called  a bucket ; and  (he  other  with- 
out a valve,  called  a forcer. 

PITCH,  in  Music,  is  ihAcutcness  or  gravenets  of  any 
particular  sound,  or  of  the  tuning  of  any  inslniment.  A 
sound  less  acute  llian  some  other  sound  with  which  it  is 
compared,  is  said  to  be  of  a lower  pitch  than  that  other 
sound  ; and  vice  versa. 

PITISCUS  (Dshtiiolomew),  a German  mathemati- 
cian, who  died  in  l6l3.  He  w-as  author  of  two  ri'spect- 
ablrmathematical works:  1.  Tiigonomctria  first,  published 
at  Krunkfurt,  iti  1399«  alargevol.  in  Ito,  il  inga  scry  cum- 
plrtcwork  on  that  science,  with  very  large  tables  of  sines, 
tangents,  und  secants  : it  afterwards  went  through  several 
editions,  and  was  translated  into  English  by  Handson,  in 
1614.  SeemyTraCis,vol.  1,  pa. 224. — 2.  Thesaurus  Mathe- 
maticus,  in  folio,  l6l3,  being  an  edition  of  the  largc'tables 
of  Ilbcticus,  with  all  the  numerous  errors  corrected. 

PITOT  RT)>  a Erencli  .mathematician,  was  born, 
it  Aram'tnt  in  Languedoc,  lb'93»  and  died  (here  in  1771, 
in  his  77ih  year.  Pitot  learned  tiu'  mathematics  without 
a master,  and  repaired  to  Paris  In  1728,  where  ho  was  ad- 
mitted a member  of  the  Academy  of  Stficnces  in*  17fii. 
Hesides  a vast  number  of  his  memoirs  prinu^d  in  the  Aca- 
demy's collection,  be  published  in  1731  the  Theory  of  the  . 
Working  of  Ships,  in  1 vol.  4t'>;  a work  of  cooiidcrabic 
merit,  which  was  transiattril  into  English,  and  procured 
the  author’s  admission  into  (he  Royal  Society  of  London. 
In  1740,  the  sUtes-general  of  Languedoc  afipointcd  him 
their  chief  fnsiiKh>r,  with  the  oITtcv  of  inspectur-gcncial  of 
the  canal  which  joins  the  two  itas.  That  province  is  in- 
debted to  him  for  Kwerul  valuable  munuraents  of  his 
genius ; and  ha  conducted  to  .Montpidlicr  a copious  sup- 
ply of  water,  from  a distance  ul  9 miles,  a work  which  is 
the  admiration  of  all  strangers. 

PLACT^  in  Phihisopby,  that  part  of  infinite  space  which 
any  body  possesses.  Aristotle  and  bis  followers  divide 
place  into  External  aodlmerna). 
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l.ucmal  Pi.Acr.,  is  tliat  space  or  rmini  nliicli  the  body 
cuiitnins.  And 

Ettanal  Place,  is  tho^  wliich  includes  i*r  cemtpins  the 
body ; which  is  by  Arisiullc*  CHlIitl  the  hist  or  concave 
jml  immoveable  ^uifiicc  of  the  ambioni  bndy. 

NcMton,  bi'tiiT,  and  more  intelligibly.  disliDguishes 
place  into  absolute  and  relalivc. 

Jbsoiuft  and  yrimaty  Place,  U that  part  of  infinite  and 
immoveable  space  which  a body  pos>esst's.  And 

fii-lalive^  t^Sccondaty  Place,  is  the  space  it  posse»)!es 
considered  with  n*gdrd  to  other  atijacent  objects. 

Or.  Clark  adds  another  kind  of  relative  pUee,  which  ho 
calls  relatively  cnnitnon  place;  and  defines  it,  that  pait  of 
any  moveable  or  measurable  Space  which  a body  possesses; 
s^liich  place  moves  together  with  the  boiiy. 

Place,  Mr.  Locke  observes,  is  sometiroes  likewise  taken 
for  that  portion  of  infinite  space  possessed  by  the  maU-rial 
world  ; though  this,  he  adds,  were  more  properly  called 
exUnsion.  The  proper  idea  of  place,  according  to  him.  is 
the  relative  position  of  any  thing,  with  regard  to  its  dis> 
stance  from  certain  fixed  points;  whence  it  is  said  a thing 
has  or  has  not  changed  place,  when  its  distance  is  or  is  nut 
altered  with  respect  to  those  bodies. 

Pl.vcc,  in  Optics,  or  Optical  Place,  is  the  point  to 
wliich  the  eye  refers  an  object. 

Optic  Place  ofa  star,  js  a point  in  the  surface  of  the 
mundane  sphere  in  which  a sjscctatorsi'es  the  centre  of  the 
star,  ^c.'— I'his  is  divided  into  True  and  Apparent. 

7Vuc,  or  Real  Optic  Place,  is  that  point  of  the  surface 
of  the  sphere,,  where  a spectator  at  the  centre  of  the  earth 
would  see  the  star,  &c. 

Apparent^  or  Visible  0;?r/c'T*LACE,  is  that  point  of  the 
surface  of  the  *>]>here,  whi^ro  a spectator  at  the  surface  of 
the  earth  sees  the  star,  dec.— The  diiitancc  between  these- 
two  optic  places  initkcs  what  is  callciJ  the  parallax. 

Place  of*  the  Sim,  or  Moon^  or  «Sror,  or  Planet^  in  Astro- 
nomy, simply  denoti'S  the  sign  and  degree  of  the  zodiac 
which  the  luminary  is  in ; and  is  usually  e.xpre»>ed  either 
by  its  latitude  and  longitude,  or  by  its  rigiit  ascension  and 
declination.  • 

Place  of  Radituiony  in  Optics,  is  the  interval  or  space 
in  a medium,  or  transparent  body,  through  which  any  vi- 
sible object  radiates. 

Place,  in  Geometry,  usually  called  Loauy  Isa  line  used 
in  the  solution  of  problems,  being  that  in  which  thedeter* 
minalion  of  every  case  of  the  problem  lies.  See  Locus, 
Plaie,  Simptcy  Solid,  dec. 

Place,  in  War  and  Fortification,  a general  name  for 
all  kinds  of  fortresses,  where  a party  may  defend  them- 
selves. 

Place  tf  Arm,  a strong  part  where  the  arms  &c.  arc 
deposited,  and  where  usually  the  soldiers  assemble  and  are 
drawn  up. 

PLAFONDjorPLATFOxn,  in  Architecture,  the  ceiling 
of  a room. 

PL.MN  Sec.  See  Plane. 

I’ LAN,  a representation  of  something,  drawn  on  a plane. 
Such  as  ma]>s,  charts,  and  ichnographics. 

Plan,  in  Architecture,  is  particularly  used  for  a 
draught  of  a building  ; such  as  it  appt'urs,  or  is  intended 
to  appear,  on  the  ground  ; showing  the  extent,  division, 
and  distribution  of  its  area  into  apartments,  rooms,  pas- 
sages, dtc.  It  is  also  called  the  grtmnd  plot,  platform,  and 
^ ichnography  of  the  building;  and  is  the  first  device  or 
sketch  the  architect  makes.  , 


fie&meiricul  Plan,  is  that  lu  which  the  aoltd  and  S'acant 
parb>  are  repre^mted  in  their  natural  proportion. 

Raised  Plan,  is  that  where  tbeolevAtion,  or  Ufwmlu,  is 
shown  upon  liic  geometrical  plan,  so  as  to  bide. the  uistri- 
bution. 

Perspeefite  Plan,  is  that  which  is  conducted  and  exhi- 
bited by  degradations,  or  diininutiuns,  according  to  the 
rules  of  perspective. 

PLANL,  or  Plain,  in  Geometry,  denotes  a plane  figure, 
or  a surface  lying  evenly  bclwcni  iu  bounding  lines  : Lu- 
ciid.  Sime  define  a plane,  a surface,  from  every  point  of 
whi»se  perimcliT  a right  line  may  be  drawn  to  every  other 
point  in  ihc&uine,  and  always  coinciding  with  it. — As  the 
right  line  U the  shortest  extent  from  one  point  to  another, 
so  is  a plarur  (he  sJiorU'st  extension  between  one  ime  and 
aaolhei.  * 

Planes  are  much  u&od  in  astronomy,  cr>nic**section«, 
spherics,  jifc,  for  imaginary  surfaces,  supposed  to  cutamJ 
pass  through  solid  bodies.  When  a plane  cuts  a cone  pa- 
rallel to  one  side,  it  makes  a parabola  ; when  it  cuts  the 
cuncobliquely,  an  ellipse  or  hypeibula ; and  when  parallel 
to  its  baMs  a circle.  Kvery  sv‘Ctiua  of  a vpberc  is  a circle. 
The  sphere  is  wholly  e.splained  by  planes,  conceived  to 
cur  the  celestial  bodies,  and  to  fill  the  areas  or  ctrenm- 
feronecs  of  the  orbits:  undin  estimating  their  inclination, 
they  ate  all  reterrod  to  the  plane  of  the  curths  orbit,  or 
plane  of  the  ecliptic. 

V Plane  tjf'o  /><»/,  is  the  surface  on  which  a dial  is  sup- 
posed to  be  described. 

Plane,  in  MccUiinics.  A Hojiioniai  Plane,  is  a plane 
that  is  level,  or  panilltl  to  the  horizon. 

Inclined  Plane,  is  one  that  makes nn  oblique  angle  with 
a honsontal  plane.  The  doctrine  of  the  motion  of  bodlea 
on  inclined  planes,  makes  a very  considerable  article  in 
mechanics,  and  has  been  fully  explained  under  the  articles. 
Mechanical  Poicers,  and  Inclined  Plane. 

Plane  of  Grapity,  or  tiravUutiony  is  a plane  supposed 
to  pass  through  the  centre  of  gravity  of  the  body,  and  iu 
the  direction  of  its  tendency  ; that  is,  perpendicular  toiha 
horizon. 

Plane  qf  Ruction,  in  Catoptrics,  is  a plane  which 
passes  through  the  point  of  reflection;  and  is  perp<‘ndi- 
cular  to  the  plane  of  the  glass,  or  reflecting  body. 

Plane  d/*  Refraction,  is  a plane  ptusing  thsough  the  in- 
cident and  icfracted  ray. 

* Perjpec/rre  Plane,  isa  planetransparentsurface.  usually 
perpendicular  to  the  horizon,  and  supposed  to  be  placed 
between  the  spectator's  eye  and  the  object  he  views ; 
through  which  the  optic  rays,  emitted  from  the  several 
points  of  the  object,  arc  suppoi-t'd  to  pafs  to  the  eye,  and 
in  their  passage  to  U>ave  marks  that  repri^cnt  them  on  iho 
said  plane. — Some  cull  this  the  table,  or  picture,  because 
the  draught  or  perspective  of  the  object  is  supposed  to  be 
upon  it.  Others  call  if  the  section,  from  its  cutting 
visual  rays;  and  others  again  the  gloss,  from  its  supposed 
transparency. 

Gcowcfr/co/ Plane,  in  Perspective,  is  a plane  parallel 
to  the  horizon,  upon  which  the  object  is  supposed  to  be 
placed  that  is  to  be  drawn.  • 

Horizontal  Flake,  in  Perspective,  is  a plane  passing 
through  the  spectator's  eye,  parallel  to  the  horizon. 

Vertical  Plane,  in  Pcrs|x'ctive,  is  a plane  passing 
through  the  spectator's  eye.  pt^rpendicular  to  the  goomo- 
K-ical  plane,  and  usually  at  right  angles  to  the  perspective 
plane. 
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O^Ktiv^  Plxvc,  in  Penp^cuvc,  is  any  pUne  situaie  in 
the  borixonul  plane,  of  which  the  represenutioii  in  per* 
spaoitvc  is  re<]inrrd. 

PLAKr.  Horopter^  in  Opti^,  is  a plane  passing 
through  the  horopter  a a,  and  p<*rpendicular  to  a plane 
passing  through  the  two  optic  axes  c II  and  ci.  Stw  the 
lig.  to  the  nrlicli’  HonorTBK. 

PLAXEofrAr  FrojtctUmt  is  the  plane  upon  which  the 
sphere  is  projected. 

pLANR  An^U,  is  an  angle  contained  under  two  right 
lines  or  tuiiaces.— It  is  so  called  in  contradisilnctiou  to  a 
solid  angle,  which  is  formed  by  three  or  more  planes;  and 
to  a spherical  angle,  contained  between  Cltro  arcs  of  great 
circlet  on  n sphere. 

Plawc  Tritw^fe,  is  a triinglc  formed  by  three  right 
lines ; in  opposition  to  a spherical  and  a mixt  trianglr. 

Plaxs  TWgovKvarny  is  ihe  doctrine  of  plane  triangles, 
ihcir  measures,  proporrioiis,  Ac. 

Plan  E GUm,  or  ^firrrx',  in  Optics, is  a glass  or  mirror 
having  a Hal  or  even  surface. 

Plane  Chart,  in  Navigation,  is  a sea-chnrt,  havidg  the 
roeridians  and  paralirU  represenled  by  parallel  straight 
lines;  and  coim*quently  having  the  degrees  of  longitude 
the  same  in  every  pan.  See  Chart. 

Plate  iVuwAer,  is  that  which  may  be  produced  by  the 
multiplication  of*two  numbers,  the  one  by  the  other. 
Thus,  6’'is  a plane  number,  being  prorluced  by  the  multi* 
plication  of  the  two  nuinbc^rs  S and  3 ; also  15  is  a plane 
number,  being  produced  by  the.  multiplication  of  the 
numbers  3 und  5.  See  Numbeh.  * ' 

Plakf.  Fiace,  Locu^  or  Lacn$  ad  Planum,  ia  a 

term  used  by  ihennciAfit  gvometneiuns,  font  geometrical 
locus,  w hen  U was  a nght  hoc  or  a circle,  in  opposition  to 
a solid  plhce,  which  was  one  ol  the  conic  sections.  Thc'se 
plane  loci  nre  distinguished  by  the  moderns  into  loci  ad 
rectum,  aud  loci  ad  circulura.  See  Loci* s. 

Plane  Problem,  is  such  a one  as  cannot  be  resolved 
geometrically,  but  by  the  intersection  cither  of  a right 
line  and  a circle,  or  of  the  drcurolcrrncc.<  of  two  circles. 
Such  as  the  following:  vix,  .Given  the  h>polhenuse,  and 
the  sum  of  the  other  two  sides,  of  u nght-angled  triangle ; 
to  Hnd  the  triangle.  Or  thts : Of  four  giVen  lines  to  form 
a trapeaium  of  » given  area. 

Plate  Sailing,  in  Navigation,  is  the  art  of  working  the 
Kvcral  cau*s  and  vanrties  in  a ship's  motion  on  a plane 
chart;  or  of  navigating  a ship  upon  principled  deduced 
from  the  notiort  of  the  earth's  being  an  extended  plane. 
This  principle,  though  notoriously  false,  yet  places  being 
laid  down  accordingly,  and  a long  voyage  broken  into 
many  short  ones,  the  voyagi'  may  be  performed  tolerably 
wellliy  it,espccta)K  near  the  same  meridian. 

In  plain  sailing,  it  is  supposed  that  ihese  three,  the 
rhumb  line,  the  meridian,  and  pnnrtlel  of  latitude,  will  al- 
ways form  a right-angled  triangle ; and  so  posited,  as  that 
ihe  perpindicular  side  will  represent  part  of  the  meridian, 
ornotth  and  lumtb  line,  coiituining  the  difference  of  lati- 
tude; the  base  of  the  ti tangle,  the  departure,  or  east  and 
west  line  ; and  the  hypothenuse  the  distance  sailed.  The 
angle  nt  the  veriax  is  the  course ; and  the  angle  ut  the  baae, 
the  complement  of  the  course  ; nny  two  of  which,  besides 
the  right  angle,  bring  given,  the  triangle  may  be  protracted, 
and  the  oiher  three  parts  found.-^For  the  doctrine  of 
plane  sailing,  tee  Sailing. 

Plane  Scafe,  is  a thin  ruler,  on  which  arc^mdualed 
the  lines  of  chords,  sines,  tun|;ents,  secants,  leagues, 
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rhumbs,  Ac;  being  of  great  pse  in  most  parts  of  the  ma. 
Ibciiiaiics,  but  especially  m navigation.  See  iu  description 
rfhd  use  under  Scale. 

Plane  Taldr,  aii  instrumeiit  much  used  in  land-sur- 
veying; by  which  the  draught  or  plan  it  taken  upon  the 
spot,  as  the  survey  or  measurement  goes  on,  without  any' 
lulure  proiraclioD,  or  ploiiing.  'I  liis  instrument  consists 
of  a planif  rectangular  board,  of  any  convenient  sixe,  the 
centre  ol  which,  when  usr<f,  is  fixed  bv  means  of  scrowt 
to  tt  three-legged  stand,  having  a ball  and  socket,  or  uni- 
versal joint,  at  the  top,  by  means  of  which,  when  the  legs  • 
aretixvdon  the  ground,  the  table  is  inclined  many  diiec- 
tion.  To  the  table  bHongs, 

1.  A frame  of  wood,  made  lofilYuund  its  edges,  for  the 
purpw  of  fixing  a shci  t of  piipor  upcm  the  table.  The 
one  side  of  this  frame  is  usually  divided  into  aqual  parts,  • 
by  which  to  draw  lines  aerms  the  Uhlr,  parallel  or  |>it- 
pendicutar  to  tbcsidis;  and  the  other  side  of  the  frame  is 
divuled  into  360  degrees,  from  a centre  which  is  in  the 
middle  of  the  tabic  ; by  means  of  which  tbi  table  is  to  be 
ust*d  as  (1  theodolite,  Ac. 

2.  A magnetic  needle  and  compass  screweil  into  the  side 
-of  the  table,  to  point  out  liirectiuns  and  be  a check  upon 

the  sights. 

3.  An  inde.x,  which  is  a brass  two-foot  scale,  eiihcr  with 
a saiall  telescope,  or  open  sights  enacted  |ieipcndi(,uiariy 
upon  the  ends.  'I'hese  sights  ami  the  fiducial  edge  of  the 
index  are  parnliel,  or  in  the  same  plane. 

Gmeral  L'*e  of  the  Plane  Tahir. 

To  use  this  itatrumri;l  properly,  take  ft  ‘Inct  of  writing' 
or  drawms  pa(KT,  and  wet  it  to  iiLike  it  expuitd ; then 
spn  a«l  it  Hot  u]k>o  the  table,  pressing  dowrf  the  framisupon 
the  edges,  to  stretch  it,and  keep  it  fixed  theic  ; and  when 
^he  paper  is  become  dry,  it  will,  by  shrinking  again, stretch 
Itself  smooth  and  flat  from  any  cramps  or  uncvenncai. 
Upon  this  paper  is  to  be  drawn  the  plan  or  form  of  the 
thing  measured. 

'Jne  general  use  of  this  instrument,  in  land-surveying, 
is  to  begin  by  setting  up  tlie  table  at  any  -part  of  the 
ground  you  think  the  most  proper,  and  make  a point  upon 
a convenient  part  of  the  paper  or  (able,  to  represent  that 
point  of  the  ground;  then  fix  in  that  point  of  the  paper 
one  leg  of  the  compasses,  or  a fine  steel  pin,  and  apply  to 
it  the  fiducial  edge  of  the  index,  moving  it  round  the  table, 
close  by  the  pin,  till  through  tl»c  sights  you  perceive  some 
point  or  remarkable  object,  as  the  corner  of  a field,  or  a 
picket  set  up,  Ac ; and  from  the  vtation  point  draw  a drv 
or  obscure  line  along  the  fiduciaf  edge  of  the  index.  Then 
turn  index  to  another  object,  and  drgw  a line  on  ih^* 
paper  towards  it.  Do  the  same  by%notber ; and  so  on 
till  as  many  objects  arc  set  as  may  be  thought  necessary. 
Then  measure  from  your  station  towards  as  many  of  the 
objects  as  may  be  necessary,  and  no  mi»rt‘,  taking  the  re- 
({uisite  otfsets  to  comers  or  crooks  in  the  budges,  Ac ; lay- 
Nig  tho  measured  distances,  from  a proper  scalo,  down 
upon  the  respective  lines  on  the  papi-r.  Ihenmovelho 
table  to  uny  of  the  proper  places  measured  to,  for  a second 
station,  fixing  it  there  in  the  original  position,  turning  it 
about  Its  centre  fur  that  purpose,  both  till  ijie  mngnciic 
needle  point  to  the  same  degree  of  the  compass  as  at  first, 
and  also  by  laying  the  fiducial  edge  of  the  index  along  the 
Hue  between  the  two  stations,  and  turning  the  table  till 
throughllie  imlex  the  former  station  can  be  seen;  and  then 
fix  the  table  there  ; from  this  new  station  repeat  tlje  same 
operations  as  at  the  former;  wting  several  objects,  Chat 
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U,  drawing  linea  towarcf*  ihcnii  on  the  paper,  by  the  edge 
ot  the  index,  measuring  and  laying  otf  tho  distances.  And 
thus  proceed  from  station  to  station  ; measuring  only  sudi 
lines  as  arc  necessary,  and  determining  as  many  ns  you 
can  by  intersecting  lines  of  direction  drawn  Irom  dittereot 
Stations. 

(}f  Shifting  the  Paper  on  the  Pi.a  x b Tabie.  When  ono 
pa|>or  is  full  of  the  lines  fee  meit>un*tl,  and  .the  survey  is 
not  yet  completed ; drawn  line  in  any  manner  through 
the  farthest  point  of  the  last  station  line  to  which  the  work 
can  be  conveniently  laid  down;  then  take  the  sbei-t  dtfthu 
table,  and  hx  another  fair  sheet  in  its  place,  drawing  a 
line  upon  it,  in  a part  of  it  the  most  convenient  lor  the 
rc5>l  of  the  work,  to  represent  the  line  dmwn  at  the  end 
of  the  work  on  the  former  paper.  Then  fold  or  cut  the 
old  sheet  the  line  draw  n upon  it ; apply  it  so  to  the  Imo 
on  the  new  sheet,  and,  as  they  lie  l*»gether  in  that  position, 
continue  or  produce  the  last  station  lino  of  the  old  sheet 
upon  the  r>rw  one;  and  place  U[n>n  it  the  remaioder  bl  the 
measurement  i)f  that  line,  beginning  at  wlieT>>  the  work 
left  uff  pn  the  old  sheet.  Anil  so  on,  from  one  sheet  to 
another,  till  the  whole  work  is  completed. 

Rut  it  is  to  be  noted,  ttiul  if  the  said  joining  lines,  upon 
the  old  and  new  sheiH,  have  iK>t  the  s.nme  inclmatioo  to 
the  side  of  the  table,  the  netHlle  will  not  respi'Ct  or  point 
to  the  original  degree  of  the  compass,  when  the  tab^*  is 
rixtified.  But  iP  the  needle  be  required  to  respect  still 
the  $nma  degree  of  the  conqsass,  the  easii*st  way  tlieii  of 
drawing  the  lines  in' the  same  |>usitioti,  is  to  draw  them 
both  purallel  to  the  same  sidt^s  of  the  table,  by  means  of 
the  equSl  parallel  divisions  marked  on  the  other  two  sides 
of  the  frame. 

When  the  work  of  surveying  is  done,  and  you  would 
fasten  all  the  sheets  together  into  on**  piece,  or  rough  plan, 
the  aforesaid  lines  arc  to  L»c  accurately  joined  together,  io 
the  same  manner  as  when  the  lines  were  transferred  from 
the  old  sheets  to  the  new  ones. 

PLAN  KT,  or  Wandering  Star,  in  Astronomy,  is  a ce- 
lestial body  revolving  about  the  sun,  nr  some  other 
planet,  as  a centre,  or  focus,  in  nearly  & circular  orbit,  or 
in  an  ellipse  of  small  exceotricity. 

The  planets  arc  usually  distingui>hcd  into  primary  and 
secondary. 

Pri/iury  Planets,  ere -those  that  revolve  about  the 
sun  as  a centre,  or  focus;  such  as  Mercury,  V’enus,  the 
earth,  &c. 

Secondary  Vlas are  such  as  revolve  about  a pri- 
mary planet  as  a cenire,a!i  the  primary  ones  do  about  the 
Min;  being  moro  commonly  calleil  satellites;  sach  is 
mir  moon,  and  thcsatellites  of  Jupiter,  Saturn,  and  Uranus. 
Sr  Satblute. 

The  primary  {danels  arc  again  distinguished  into  Su- 
perior and  Inferior. 

The  Superior  Planets  are  those  which  are  above  tho 
earth,  or  farther  from  the  sun ; as  Mars,  \*csta,  Juno, \c. 

The  Inferior  IManeU  are  tJiose  that  are  below  the  i*urtb, 
as  Mercury  and  V'enus. 

Till  very  iitudy  4be  number  of  the  primary  planets  was 
i-stccmed  only  six,  which  it  was  thought  constituted  the 
whole  of  our  )drineiary  system:  these  were  jMcrcury, 
Vaitus,  Kuril],  Mars,  Jupiter,  and  Saturn;  all  of  which 
it  appi  ars  have  been  kiunvii  from  the  highest  nnliqulty. 

B«»l  the  grout  perloction  to  which  telescopes  have  l>een 
brought,  bus,  within  a lieu  scare,  ueaily  doutded  tlienumber 
ut  tJie  fjlanets.  1)^  U«  rs^lbl  discusered  Unmus  ut  Lkth, 


March  13,  1781.  This  planet  waa  Erst  named,  in  honour 
of  bis  present  majesty,  the  Cieorgium  Sidus,  while  some 
astronomers  calletl  it  Hcrscbel,  from  its  dtocowerer;  but 
both  lhs*se  names  base  now  given  svay  to  that  of  Uranus. 

An  eighth  planet,  Ceres,  was  discovered  by  Piazzi,  at 
Palermo  in  Italy,  January  1st,  IROI. 

A ninth,  Pallas,  was  discovered  by  Dr.  Olbers,  at-Brc- 
mcji,  on  March  ‘JSth,  J802. 

A tenth,  Juno,  was  lirst  observed  by  Mr.  Harding,  at 
Lilienlhai  near  Bremen,  on  the  1st  of  ^^piembc-r  1804. 

And  finally,  another  new  plani't,  Vcsta,  ttiaking  the 
numbt  r of  planets  in  our  system  eleven,  was  discovered 
by  Ur.  Olbers,  « Bremen,  Mafch  2fHh,  1807  ; bring  the 
second  that  this  celebrated  astronomer  had  discovered  in 
5 years,  pour  oiH  of  the  live  m-w  planets  have  their 
orbiu  between  those  of  Mars  and  Jupiter;  these  am 
Vesta,  Juno,  Pallas,  and  Ceres ; but  the  other,  Uranus, 
is  the  highest  in  our  system.  The  order  of  the  planets  is 
therefore  as  follows;  Mercury,  Venus,  Knrth,  Mars,  VesU, 
Juno,  Palks,  Ceres,  Jupiter,  Saturn,  an<l  Uranus. 

I hb  plaiK  ts  were  reprornted  by  the  same  characters  as 
the  cbemi.xts  use  to  it'prcscnl  their  metals  by,  on  account 
of  some  supposed  analogy  iKtwcen  those  celestial  and 
the  subierfancoua  biidits.  Thus, 

Mercury,  the  mcssengei  of  the  Cods,  reprcsentnl  by  , 
(be  same  as  that  inrtal,  imitating  a man.wiih  wings  on  his 
head  and  feet,  is  a small  bright  planet,  ssiib  a li^hi  tinct 
ol  blue,  the  sun’s  constant  attemiant,  from  whose  side  it 
never  departs  above  28  degtecs,  and  by  that  means  i» 
usually  hid  in  his  splendour.  It  performs  its  course 
around  him  in  about  3 moiilhs. 

Venus,  Uie  goddess  of  love,  maaki-d  9 , from  the  figura 
of  a woman,  the  same  as  denotes  copper,  Iroin  a slight 
tinge  of  tlmt  colour,  or  verging  to  a light  straw  colour. 
She  is  a very  bright  planet,  revolving  next  above  Mer- 
cury, nnti  never  appears  above  48  degrees  from  the  tun, 
finisbing  her  course  about  him  in  about  7 months.  When 
this  planet  goes  before  the  sun,  or  is  a morning  star,  it  has 
been  called  Phosphorus,  and  nUo  Lucifer;  and  when  fol- 
lowing him,  or  when  it  shines  in  the  ev'cning  lu  an  evening 
star,  it  is  called  Hesperus. 

Tellus,  the  Larth,  next  above  \>nus,  is  denoted  by  Q, 
and  performs  its  course  about  the  sun  in  ibe  space' of  a 
year. 

Mars,  the  god  of  war,  characterized  S , a man  hold- 
ing out  a »pear,  the  same  as  iron,  is  a ruddy  herV'CO- 
loured  planet,  and  tinishes  his  course  about  the  sun  in 
about  2 years. 

Vesta,  Juno,  Pallas,  Cere*,  arc  the  planers  next  in  or- 
der, and  their  periods  of  revolution  about  the  sun  are  ns. 
below;  Vesta  in  days;  Juno  in  2007|  days ; l^tUat 
in  16$2  days;  and  Ceres  in  lh81  days.  These  four  pla- 
nets arc  too  small  to  be  dhtinguishesl  by  the  nuked  rye. 

Jupiter,  Mie  chh*f  god,  oV  thunderer,  marked  14,  to 
represent  the  ihurtderholts,  denoting  the  Mime  as  tin,  from 
his  pure  white  brightness.  This  planet  is  next  above 
Murs,  and  completcn  its  course  round  tho  sun  in  about  12 
years. 

Saturn,  the  father  of  the  Gods,  it  expressed  by  to 
imitate  an  old  man  supporting  him<i-lf  with  a atn0.  tiiid  is 
the  rame  a<  depoU's  lead,  from  his  feeble  light  and  iluvky 
colour.  He  revolvo  ik  xl  abow  Jupiter,  and  perfoims  his 
course  in  alM»ul  30 years. 

La>tiy,*l'ranUs,  the  Georgian,  or  Herschel,  is  denoted” 
by  the  initial  of  his  name,  with  a cross  for  the  Chris- 
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tian  planet,  or  that  disCOTcrcd  by  the  Christiam.  This  it 
the  highest,  or  uulermott,  of  the  known  pjuiu'ts,  and 
velvet  around  the  »un  in  tbe  space  of  about  SH)  years. 

It  it  to  be  regrettod  that  all  iho  new  planets  have  not 
been  called  by  the  iiaracs  of  their  Tespeciivc  discoverers) 
instead  of  the  fanciful  and  unmeaning  names  that  have 
been  impoH-d  on  the  in  by  the  continental  astronomers. 

I'*rom  these  descriptions  a person  may  easily  distinguish 
all  the  old  planets.  Tor  if,  after  sun-u't,  he  sees  a planet 
pcarcr  the  east  than  the  west,  he  may  conclude  it  is  nei* 
ther  V'enus  nor  Mercury;  and  he  may  determine ,whe- 
|b^  it  is  Saturn,  Jupiter,  or  Mars,  by  the  colour,  light, 
ami  magnitude:  by  which  also  he  may  distinguish  bc> 
twem  Venus  and  Mercury. 

. -It  is  probable  that  all  the  planets  an*  dark  opake  bodies, 
similar  to  the  earth,  and  for  the  following  reasons. 

1.  Because*,  in  Mercury,  Venus,  anil  .Mars,  only  that 
part  of  the  dUk  is  found  to  shine  which  is  illuminated  by 
tbe  sun;  and  again,  Venus  and  Mercury,  when  betwern 
tbe  sun  and  the  earth,  appear  like  macula*  or  dark  spots 
on  the  sun’s  face:  from  which  it  is  evident,  that  those 
three  planets  arc  opake  bodies,  illuminated  by  tbe  bor* 
rowed  light  of  the  sun.  And  the  same  appears  of  Jupi* 
ter,  from  bis  being  void  of  light  in  that  part  to  which 
the  shadow  of  bis  satciliu-s  reaches,  as  well  as  in  that  part 
turned  from  ihc  sun : and  that  bis  satellites  are  opake, 
and  reflect  the  sun's  light,  like  the  moon,  is  abundantly 
shown.  Moreover,  since  Saturn,  wiih  bis  ring  and  satel- 
lites, and  also  Herschel,  with  liis  satellites,  only  yield  a 
pale  light,  considerably  fainter  than  that  of  the  rest  of  the 
planets,  and  than  that  o(  the  fixed  stars,  though  these  be 
vastly  more  remote;  ills  past  a doubt  that  these  planets 
too,  with  their  atteijdanis,  are  opake  bodies. 

3.  Since  tbe  sun's  light  is  not  transmitted  through  Mer- 
cury or  Venus,  when  placed  against  him,  it  is  plain  they 
are  dense  opake  bodk's;  which  is  likewise  evident  of  Ju- 
piter, from  bis  hiding  the  satellites  in  his  shadow;  and 
therefore,  by  analogy,  tlio  same  may  be  concluded  of  Sa- 
turn, and  all  the  rest. 

3.  From  the  variable  spots  of  Venus,  Mars,^nd  Jupiter, 

it  is  evident  that  these  planets  hgve  a changeable  atmo- 
splierc ; which  kind  of  atmosphere,  by  a like  argument, 
may  bt‘  inferix'd  of  the  sateliit<-s  of  Jupiter;  a^id  there- 
fore, by  ftimilitudft,  the  same  may  be  concluded  of  the 
other  planets.  . 

4.  in  like  manner,  from  the  mountuitit  observed  in  the 

moon  and  V'etiVs,  the  same  may  be  supposed  in  the  other 
planets.  « 

I.4ist)y,  since  all  these  planets  are  opake  bodies, 
shining  with  the  sun's  borrowed  light,  aro  furnished  with 
mountains,  and  are  encompassed  with  a changeable  atmo- 
sphere; wc  may  infer  that  they  have  waters,  seas  &c,  as 
well  os  dry  land,  and  arc  bodies  like  the  moon,  and  thero- 
fure  like  the  earth.  And  hence,  it  seems  also  probable, 
that  the  other  planets  have  their  animal  ioh&bitaiiU)  as 
well  as  our  earth  has. 

0/  the  Orbitt  ttf  the  Pi.axkt». 

Though  all  tbe  primary  planets  revolve  about  tbe  sun, 
their  orbits  are  not  drcleSf  but  ellipKS,  having  tbe  sun  in 
one  of  the  foci.  This  circumstance  was  tirst  discovered 
by  Kepler,  from  the  observations  of  Tycho  Brah6:  before 
tliat,  all  astronomers  took  the  planetary  orbits  for  excen- 
tric  circles.  All  (he  planes  of  these  orbits  intersect  in 
tbe  sun;  and  the  line  in  which  the  plane  of  each  orbit 
cuts  that  of  the  earth,  is  called  the  Line  of  the  nodes; 
Vot.  II. 


and  the  two  points  in  which  the  orbits  themselves  touch 
thaUplane,  arethe  Nudes;  also  the  angle  in  which  each 
plane  cuts  that  of  the  ecliptic,  is  called  the  Inclination  of 
the  plane  or  orbit. — The  distance  bftween  the  centre  of 
the^sun,  and  the  centre  of  each  orbit,  i>  calliHl  the  excen 
(riciiy  of  the  planet,  or  of  Us  orbit. 

I'he  Motions  of  the  Piavets. 

The.  motions  of  the  ptimary  planets  are  very  simple, 
and  tolerably  uniform,  us  being  compounded  only  a 
projectile  motion,  tbrward  in  a right  line,  which  is  a tan- 
gent to  the  orbit,  and  a gravitation  towards  the  sun  at  the 
centre.  Bt's>idi  s,  being  at  such  vast  distances  from  each 
other,  the  effects  of  their  mutual  gravitation  towards  one 
another  arc  in  a consideniblo  dcgiie,  though  not  aliogi- 
tUcT,  insAtisiUc  : for  the  action  of  Jupiter  upon  Suiurn, 
for  ex.  IS  found  to  be  of  the  action  OT  the  t*un  ujwn 
.Saturn,  by  comparing  the  matter  of  Jupiter  with  that  of 
the  aui),  and  the  square  of  the  distance  of  each  from  Sa- 
turn. So  that  the  elliptic  orbit  of  Saturn  will  be  tound 
more  just,  if  iu  focus  be  bup;H>st'd  not  in  the  centre  of  the 
sun,  but  in  the  common  centre  bf  gravity  of  the  sun  and 
Jupiter,  or  rather  in  the  common  centre  of  gravity  of  the 
sun  and  ail  the  other  planets.  In  like  manner,  (he  cMip« 
tic  orbit  of  any  other  planet  will  be  found  more  accurate, 
by  supposing  its  focus  to  l>e  in  the  comnmti  centre  of  gru- 
vity  of  (he  sun  and  ail  tiic  planets  that  are  below  it.  But 
the  matter  is  far  otherwM*.  in  n*spect  of  the  seci.iidary 
planets:  for  every  otic  of  these,  though  it  chiefly  gravi- 
tates towards  its  respiTtisc  piimuiy  om*,  as  its  centre,  yet 
at  equal  distances  from  the  sun,  it  is  also  aiiracted  to- 
wards him  with  an  rqually  accelerutei)  gravity,  as  the  pri- 
mary one  is  towards  him;  but  at  a greater  distance  with 
less,  and  at  a nearer  distance  with  greater;  from  which 
double  tendency  towards  the  sun,  and  towards  their  own 
primary  planets,  it  happens,  that  the  motion  of  the  satel- 
lites, or  secondary  planets,  is  very  much  compounded,  and 
affected  with  various  inequalities. 

The  motions  even  of  the  primary  planets,  in  their  el- 
liptic orbits,  are  not  equable,  because  the  sun  is  not  in  their 
centre,  but  their  focus.  Hence  they  move,  soinvtin^fbtter 
and  sometimes  slower,  as  they  are  nearer  to  or  farther  from 
the  sun  ; but  yet  these  irregularities  are  all  cerlam,  and 
follow  according  to  an  immutable  law.  Thus,  the  ellipsis 
rXA  &c,  representing  the  orbit  of 
a planer,  and  the  focus  s the  auu  s 
place : the  axis  of  the  ellipse  is 
the  line  of  the  apses;  (he  point  a, 
the  higher  apsis  or  aphelion;  r tbe 
lower  apsis  or  perihelion;  cs  the 
cxcmfricity : and  as  tbe  planet’s 
mean  distance  from  the  sun.  Now 
the  motion  of  the  planet  in  its  peri- 
helion p is  swiftest,  but  in  its  aphe- 
lion A it  is  slowest;  and  at  a the 
motion  os  well  as  the  distance  is  a 
mean,  being  there  such  as  would  describe  the  whoTc  or- 
bit in  the  same  time  it  is  really  described  iu.  And  the 
law  by  which  tbe  motion  in  every  point  is  regulated,  is 
this,  (hat  a line  er  radius  drawn  from  the  centre  of  ibe 
lun  to  the  centre  of  the  planet^  and  thus  carried  along 
with  an  angular  motion,  always  tlescribes  an  elliptic  arv*a 
proportional  to  the  time ; that  is,  the  triliiiral  area  asb, 
]8  to  the  area  Asa,  as  tbe  time  th^planet  is  in  moving 
over  'AB,  to  the  time  it  is  in  moving  over  ao.  This  law 
was  first  diKovered  by'KepIcr,  from  observations;  and 
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has  since  been  accounted  for  and  demonstrated  by  Sir 
Isaac  Newton,  from  the  general  laws  of  •aitraciion  and 
projectile  motion.  • 

As  to  the  periods  and  velocities  of  the  planets,  or  the 
times  in  which  they  perform  their  courses,  they  are  ibund 
to  have  a wonderful  harmony  with  their  tiisunces  from 
the  sun,  and  with  one  another:  the  nearer  each  planet 
being  to  the  sun,  the  quicker  still  is  its  motion,  and  its 
period  the  shorU'r,  according  to  this  general  and  regular 
law)  vix,  that  the  squares  of  their  periodical  times  are  as 
the  cubes  of  their  mean  distances  from  the  sun  or  focus 
of  their  orbits.  The  knowledge  of  this  law  we  owe*  aUo 
to  the  sagacity  of  Kepler,  who  found  that  it  obtained  in 
all  the  primaty  planets;  as  astronomers  have  since  found 
it  felso  to  hold  good  in  the  secondary  ones.  Kepler  in- 


deed deduced  ibis  law  merely  from  observation,  by  a com* 
parison  of  the  several  tlis!anc('«  of  the  planeUi  wuh  their 
periods  or  times  : the  gh'iy  of  investigating^  it  from 
cal  principU'S  is  due  to  bir  Ivnac  Newton,  who  lus  lii'- 
monstraied  that,  in  the  presi'iit  state  of  imiiire,  such  a 
lawr  was  inevitable. 

The  phenomena  of  the  planets  are,  their  Conjunctions, 
Opposiliotis,  Elongations,  8tation«>,  Retrogradaiittn«>,  Plm- 
ses,  and  Eclipses;  for  which  sec  the  respective  articles. 
For  a view  of  the  comparative  magnitudes  of  the  planets, 
and  of  their  several  distances,  Acc;  see  the  artn  Uv  Op.&it  « 
and  SoLAU  SYSTtm,  as  also  Plate  26,  fig-  l.-“Tlu  fol- 
lowing Table  contains  a synopsis  of  the  <ii‘.tances,  n^agnl- 
tudes,  periods,  Ac,  of  tht^  several  planets,  according  to 
the  latest  observations  and  improvt  ments. 
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A pUnet's  motion,  or  distance  from  itt  apogee,  is  called 
the  nu'itn  anomaly  of  the  planet,  anti  is  measured  by  the 
an^a  it  desiribes  in  the  giri-n  time:  when  the  planet  ar- 
rives at  iht^iniddlcol  itsorbil,  or  the  }>oint  K,  the  area  or 
Umeis  called  the tme  anomaly.  When  the  planet's  motion 
is  reckoned  from  the  6rst  point  of  y\rics,  it  is  called  its 
rooliun  in  longitude  v'ahicH  is  either  mean  oi  true;  vix, 
mean,  which  is  such  a^  it  vrould  have  were  it  to  move 
uniformly  in  a circle ; and  true,  which  is  that  with  which 
the  planet  actually  describes  its  orbit,  and  is  meusurr^i  by 
the  arc  of  the  ecliptic  it  describes.  And  hence  may  be 
found  the  planet’s  place  in  its  orbit  for  any  given  time  after 
it  has  left  the  aphelion : for  suppoae  the  area  of  the  ellipsis 
be  so  divided  by  the  line  so,  that  the  whole  elliptic  area 
may  have  the  same  proportion  to  the  part  asu,  as  the 
whole  pcriodicHl  time  in  which  the  pljtnet  sh'^cribrs  it» 
whole  orbit,  has  to  the  given  time ; then  will  u be  the 
planet's  place  in  its  orbit  sought. 

PLANlVrARlU.M,  an  astronomical  machine,  contrived 
to  represent  the  motions,  orbits,  &c,  of  the  planets,  as  they 
really  arc  in  nature,  nr  according  to  theCopernican  system. 
The  larger  kind  of  ^hem  arc  called  Orreries.  See  Oarkrt. 

A remarkable  machine  of  this  sort  was  mventiN^  by. 
IIuygeDS,  and  desenbed  In  his  Opusc.  INisth.  tom.  2. 
p.  157i  edit.  .\rr<>t.  172S,  whicli  is  still  prc*er\ed  among 
the  curiosities  of  the  university  nt  Leyden.  In  this  planc- 
Linum,  the  live  primary  planets  perform  their  A’voliiiions 
about  the  sun,  nod  the  muon  pertorms4ier  n*vo|uliun  about 
the  earth,  in  the  same  time  that  they  un*  n*u!ly  perforrned 
in  the  heavens.  Alsu  the  orbits  of  the  moon’and  pInneU 
arc  represented  with  their.true  proportions,  cxceniricily, 
position,  and  declination  from  the  ecliptic  or  orbit  of  the 
i'arlli.  So  that  by  this  machine  the  situation  of  (he  planets, 
with  the  conjunctior's,  op]H4iuuns,  &c,  be  known, 
not  only  for  the  piesent  time,  but  lor  any  other  time, 
cither  past  or  yet  to  come  ; as  in  a p<Tpetunl  ejihemeris. 

There  was  exhibited  in  I»nilon,  viz,  in  ihc^ear  I7*M, 
a still  much  more  complete  plam  larium  of  ^lis  kind  ; 
Called  **  u planetarium  nr  astronomical  machine,  which 
exhibited  the  most  remarkable  phenomena,  motions,  and 
revoluliorvs  of  the  universe.  Invented,  and  partly  executed, 
by  the  celebrated  M.  Phil.  Mauhew«  llahn,  member  of 
(he  academy  of  sciences  at  Erfurt.  Hut  dnished  and  com- 
pleteil  by  Mr.  Albert  de  Mylius/’  'i1iis  is  a moK  stujHUi- 
ilnus  and  cUbontie  nmebine  ; consisting  of  the  solar  sys- 
tem in  general,  with  all  the  orbits  and  planets  in  thrirdue 
proportions  and  positions ; as  also  the  stweral  particular 
planetary  systems  of  such  us  have  satellites,  as  of  (he 
earth,  Jupiter,  ^c;  the  whole  kept  in  cuntiiiuak  motion 
by  a chronometer,  or  grand  eight-day  clock ; by  which 
all  these  systems  are  made  perpetually  to  perform  all  their 
motions  exactly  as  in  nature,  exhibiting  at  all  tiim*^  (he 
true  and  real  motions,  positions,  aspects,  phenomena,  &c, 
of  all  the  celestial  bodies,  even  to  the  very  diurnal  rota- 
tion of  the  planets,  and  the  unequal  motions  in  their  ^lip- 
ttc  orbits.  A description  was  published  of  this  most 
superb  machine;  ami  it  was  purchased  and  sent  as  one 
ol  the  presents  to  the  emperor  of  China,  in  the  eqibassy 
at  I>.ird  Macartney,  in  the  year  1793. 

Hut  the  planctariums  or  orreries  now  most  commonly 
v>L'd,  do  not  represent  the  true  tiroes  of  the  celestial  mo- 
tions, but  only  (heir^uportibns;  and  are  not  kept  in  con- 
tinual mo(i<>n  by  a cloA,  botarc  only  lamed  round  occa- 
sionally with  tlw-  Imad,  in  order  to  give  young  bi'ginners 
an  idea  of  the  planetary  system;  at  also,  if  constructed 


with  suflicient  aeouracy,  to  resolve  i^fcleTiis,  in  a coarse 
way,  relating  to  the  motions  of  (b^Punets,  and  of  the 
earth  and  muon,  Ac. 

Dr.  Desaguliers  (Exp.  Philos,  vol.  1,  p.  4-SO,)  describes 
a planetarium  of  his  own  contrivance,  which  is  one 
of  the  best  of  the  common  sort.  The  machine  is  con- 
trived to  be  R'Ctilied  or  set  to  any  latitude;  and  then  by 
turning  the  handle  of  the  plunctatium,  ull  ihc  planets  per- 
form their  revolutions  round  the  sun  in  proportion  to  their 
petiodicul  times,  and  (hey  carry^tdices  which  show  the 
longitudes  of  the  pl.inels,  by  pointing  (o  the  divisions  gra- 
duated un  circles  lor  that  purpose. 

The  planetarium  represented  in  hg.  1,  plate  22,  is  an 
instrument  contrived  by  Mr.  \Vm.  Jones,  oi  ilqllM»rn,  Lon- 
don, mathematical  instrument  aiuker,  who  hu»  paid  con- 
siderable aiti'iitiun  to  such  machines,  to  bring  tlirm  to  u 
great  dogre<‘  of  simplicity  and  perfection.  It  n prest-nts 
in  a general  munner,  by  various  parts  of  its  machinery, 
all  the  motions  and  phenomena  of  the  planetary  systrm. 
*niis  machine  consists  of,  the  Sun  in  (be  centre,  with  the 
Planets  in  the  order  of  (heii*  distance  from  him,  via,  Mer- 
cury, Venus,  (be  Earth  and  Moon,  Mars,  Jupiter  with 
his  moons,  and  Saturn  with  bis  ring  and  moons ; and  to 
it  is  also  occasionally  applied  an  ^tni  long  nrm  for  the 
Georgian  Planet  and  his  moons.  To  (ho earth  and  moon 
is  applied  a frame  cd,  containing  only  four  ulncU  ami 
two  pillions,  which  serve  to  preserve  the  earth's  axisiii  its 
due  parallelism  in  its  motion  rou^  the  sun,  and  to  give 
the  moon  at  the  same  time  her  tQI  revolution  about  the 
earth.  These  wheels  are  connect'd  with  the  wheel-work 
in  Uic  round  box  below,  and  the  whole  ia  set  in  motion 
by  the  winch  it.  llte  arm  m that  carries  round  (he  moon,- 
points  out  on  (be  plate  c her  ago  and  phases  for  any  situa- 
tion ill  her  orbit,  upon  which  they  are  engraved.  In  like 
manner  the  arm  points  out  her  place  in  the  ecliptic  B,  in 
signs  and  degrees,  called  her  geocentric*placc,  that  is,  as 
scTii  fnun  the  earth.  The  moon's  orbit  is  represented  by, 
the  flat  rim  a ; the  two  joints  of  it,  upon  which  it  turns, 
denoting  her  nodes  ; and  the  orbit  being  made  to  incline 
to  any  required  angle.  The  tcrrelia,  or  little  earth,  of 
this  machine,  is  usually  made  of  a three-inch  globe  ;ns- 
pcf^,  Ac,  for  (he  purpose;  and  by  means  of  the  termi- 
nating wire  that  goes  over  it,  points  out  the  changes  of 
the  st‘8soti9,  and  the  diflerent  lengths  of  days  and  nights 
jnoTc  conspicuously.  By  this  machine  are  seen  at  once 
all  the  planets  in  motion  about  the  Sun,  with  the  same  re- 
spective velocities  and  periods  revolution  which  they 
have  in  heavens  ; the  wbeclwork  being  calculated  to 
a minute  of  time,  from  the  latest  discoveries.  Sec  Mr. 
Jones’s  Description  of  his  new  portable  Orrery.  * 

PLANETAKV,  something  that  relates  to  the  planets. 
Thus  wc  say,  piaoetary  worlds,  planetary  inhabitants, 
planetary  motions,  Ac.  Huygens  and  Fontondlle  bring 
several  probable  arguments  fur  the  reality  of  plam-lary 
worlds,  animals,  plants,  men.  Ac. 

Pla!(ETary  .System,  is  the  system  or  assemblage  of 
the  plniicts,  primary  and  iiccondary,  moving  in  (heir  ri- 
spective  orbits,  round  their  common  centre  the  suo.  Set 
Sf>/wr  System.  • 

Plavctary  Dayt.  With  the  ancient*,  the  week  wo* 
shared  among  the  seven  planets,  each  planet  having  iA 
day.  This  we  learn  from  Dion  Cassius  and  PluUrch, 
byinpos.  lib. -i.  q.  7.  Herodotus  adds,  that  it  was  iht 
Egyptians  who ‘first  discovered  what  god,  that  is  wbot 
planet^  preside*  over  each  day ; for  that  aoiung  this  people 
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(he  planets  were  <]u||Ctort.  And  hence  jt  that  in  mast 
Kuropcan  UngunJ^ilK-  day»  of  the  ucek  are  still  tlenu- 
Diinatcd  fmag  thenlanots;  as  sunday,  moiiday,  A*c. 

Vl.AVEXM%T'  era  such  US  have  liie  pUnctury 

hours  inscribed  oo  them. 

PLANrTARY  HottiSf  are  the  Kth  parts  of  the  artiticial 
day  and  ni«lit.  Sec /Vrt«c<a»y  Hour. 

pLAN'ETARVp'S^uncw,  arc  the  <>quares  of  the  seven  num-  • 
bers  from  3 top,  disposi>d  magically.  Coinelitis  Agrippa, 
in  his  hdiik  of  magic,  l|p  given  the  cumtruction  ut  the 
seven  planetary  squares.  And  M.  Poignard,  canon  of 
Bniisi  l«,  in  his  treatise  on  sublime  squares,  gives  new, 
general,  and  easy  methods,  for  making  the  seven  plane> 
lary  sfpmrrs,  and  all  others  to  infinity,  by  numbursinall 
kinds  of  prof^rctsiuns.  See  MACtc  Stjuare. 

Pi.A^FTARY  >V«ri,  the  periods  of  time  in  which  the 
several  phtrvets  make  their  revolutions  round  tlie  sun,  or 
earth.—  As  from  the  proper  revolution  of  the  earth,  or  the 
apiMirefit  revolution  of  the  sun,  the  solar  your  take^  its 
original ; so  iVom  the  proper  revolutions  of  the  rest  of  the 
planets  about  the  earth,  as  mnny  kinds  of  yearn  ari«.c  ; 
\is,  the  Salurntan  ycai',  which  is  defined  by  F.g)ptiun 
years  174  da^  s 58  miliQtrs,  eqiii valent  in  a round  number 
to  30  solar  years.  Thv  Jovial  year,  conlaining  ii  yuirs 
31?  days  14  hours  27  ininotes.  The  .Martini  year,  con- 
taining I year  321  days  23  hours  .31  minutes.  For  \Vnus 
and  Mercury,  us  their  years,  when  judged  of  with  rrgurd 
to  the  earth,  arc  almost  equul  to  the  solar  year;  they  arc 
more  usually  esliroate^from  the  sun,  the  true  centre  of 
their  motions:  in  which  cose  (he  former  is  cipial  to  224 
days  1()  hours  49  minutes;  and  the  latter  to  87  days  23 
hours  l6  minutes. 

PLAKIMKTRY,  that  part  of  geometry  which  considers 
lines  and  plane  figures,  without  any  regard  to  heights  or 
depthSii^Planimetry  is  particularly  restricted  to  the  men- 
suratidib  ilif  planes  and  other  surfaces ; as  contradistinguish- 
cJ  from  stereometry,  or  (be  mensuration  of  solids,  or  capa- 
dcies  of  length,  breadth,  and  depth. — Planirvctiy*  is  )>cr- 
formed  by  means  of  the  squares  of  long  measures,  as  S(|uure 
inches,  square  feet,  square  yards,  See  ; that  is,  by  squares 
whose  side  is  an  inch,  a foot,  a yard,  Ac.  So  that  the 
area  or  content  of  any  surface  is  said  to  be  found,  when 
it  is  known  bow  many  such  square  inches,  feet,  yards,  Ac, 
it  contains.  S<'e  Mensuration  and  Surveying. 

* PLANISPHKKK,  a projection  of  the  sphere,  and  its 
various  circles,  on  a plane ; as  upon  paper  or  the  like. 
In  this  sense,  maps  of  the  heavens  and  ihc  earth,  exlii- 
biting  the  mciidians  and  other  circles  of  the  sphere,  may 
be  Called  planiNphcres. 

• Plnnisplu  re  is  suinctim<*s  also  considered  as  an  astrono- 
micnl  imitrununr,  used  in  observing  the  motions  of  the 
heavenly  bodies  ; being  a projection  of  tbe  celestial  sphere 
upon  a plane,  representing  the  stars,  constcllatiuns,  Ac, 
in  their  proper  situations,  distances,  Ac.  As  the  Astro- 
labe, which  is  II  ermrmon  name  for  all  such  projections. 

In  all  planispheres,  the  eye  is  supposed  to  be  in  a point, 
viewing  all  the  circles  of  the  sphere,  and  referring  them 
to  a planc^beyond  them,  against  which  the  sphere  is  as  it 
were  (lalMlied  : and  this  plane  is  called  the  Plane  of  Pro- 
' jvciiorf,  wliich  is  always  some  one  of  the  circles  of  the 
ipbere.iist'lf,  or  parallel  to  some  one. 

Aniuiig  the  infinite  number  of  planispheres  which  may 
be  furnivhi.'d  by  the  different  planes  of  projection,  and  the 
dilTi  rent  po^iliol|S  of  the  eye,  there  aa*  Iwfi  or  three  that 
have  been  pA  tei red  to  the  rest.  Such  as  that  ofTtulemy; 


where  the  plane  of  projection  is  parallel  to  the  equator: 
that  of  Gemma  Frisiu-i,  where  the  plane  of  projection  ia 
(he  coluD’,  or  snUmial  meruh^in,  and  the  eve  (he  pole  of 
the  meridtHi).  being  a »U*i'e'»»^r4phical  jjreJwtiop  : or  that 
of  John  de  Koyas,  a Sj^amard,  whose  pjam-  of  projection 
is  R nicmJmn,  and  the  phiced  in  the  axis  of  thnt  me- 
ridian, at  an  iiiliniU:  <n»ianec  ; beiftg  un  ortfingriiphicai 
projection,  and  culled  the  Aiu^leuimn. 

PLAMf-fbncaic  or  lens,  if  that  whi^h  is  plane 
on  one  si-ic,  and  cunenve  on  the  other.  And 

PLANo-tVmrejr  gla^s  or  lens,  is  that  whicb4s  jdane  on 
000  side,  and  convex  on  ihc  other.  Si'C  Frss. 

PLAT-r»ANi»,  in  .Archiiecture,  is  any  flat  square 
moulding,  wln^'  height  nmrlt  exceeds  us  ]>rojec(urc. 
Such  are  the  faces  of  an  architrave,  and  the  phit-Utruhi  of 
the  modiUiona-of  a cornice. 

PLAT /HjHM,' in  ArlilUr)  and  (nmnery,  a Mnall  dera- 
tion, or  n dirf»r  « f wood,  Moue,  or  (he  hke,  on  which  carv* 
non,  Ac,  aie  placed,  li<r  muiv  coitvenienlly  working  and 
firing  them. 

Pl.ATioKW,  in  Architecture,  a row  of  beams  that  sbp* 
port  the  tiniU'r-viork  of  a rout,  l^ing  on  the  top  of  the 
vyalls,  where  the  entahlaturc  ought  to  be  raised.  Also  a 
kintfof  fiat  w alk,  or  plane  floor,  on  (he  lop  of  a building  ; 
whertce  a lair  view  may  Im  lukeii  of  the  adjacent  grounds. 
So,  ail  edifice  ib  said  to  be  covered  witlia  pJatforni,  wIuq^ 
it  has  no  arclKd  ruul. 

PLA'l'O,  one  of  ibemost  celebrated  among  (he  ancient 
philosophers,  being  the  founder  of  the  sect  of  the  Acade- 
mics, was  the  sun  of  Ansto,  and  born  at  Athens,  about 
429  years  before  Christ-  He  whs  uI  a royal  and  illustrious 
family,  being  descended  by  his  father  hum  Codrus,  and 
by  his  inotlier  from  Solon.  I'he  name  given  him  by  hit 
parents  was  Aristoclcs;  but  being  of  a robust  make,  and 
remarkably  bruad'shouldercd,  from  this  circuinMance  he 
was  nick-named  Plato  by  his  wrettling-master,  which  mune 
he  retained  ever  after. 

From  liis  infancy,  Plato  distinguished  hiiaself  by  hit 
lively  and  brilliant  imagination.  1K‘  eagerly  imbibed  the 
principles  of  poetry,  music,  anil  painting.  The  charms  of 
plii)u>ophy  however  prevailing,  drew  him  from  Ihnse.  of 
the  fine  arts  ; and  a(  the  age  of  twenty  he  nttached  him- 
self to  Socrates  only,  who  called  him  the  Swan  of  the 
Academyv  The  disciple  profited  so  well  of  his  masters 
lessons,  tlfiit  at  twenty-five  years  of  age  he  had  the  npu- 
talion  of  a consummate  sage,  lie  lived  with  Socrates  fur 
eight  years,  in  which  time  he  cominitl<d  to  writing,  ac- 
cording to  the  custom  of  the  students,  the  purport  of  a 
great  niiq^Ur  of  his  master’s  excellent  lectures,  which  ho 
digested  by  way  of  philosophical  coavereuliuns ; but  made 
so  many  judicious  additions  and  improvements  of  his  own, 
that  Socrates,  hearing  him  one  day  recite  his  l.ysis,  cried 
out,  O Hercules!  how  many  fine  scttliments  does  this 
young  man  ascrilw'  to  me,  that  I never  thought  of!  And 
Laerms  assures  us,  that  he  composed'  fvvcral  discourses 
which  Socrates  Imd  no  manm^r  ui  hand  in.  At  ktie  lima 
when  Socrates  was  first  arraigned,  Plato  was  a Junior  se- 
nator, and  ho  assumeri  the  orator's  chair  to  plead  his 
master’s  cause,  but  wasiuurrupicd  in  that  design,  and  the 
judges  passed  sentence  if  conilcnmation  upon  Socrates. 
Upon  tliis  occasion  Plftto  begged  him  to  accept  from  him 
a sura  of  money  sufTicient  to  purchqiH}  his  enlargement, 
but  Socrates  perenqnorily  refused  Ac  generous  otter,  and 
suflered  himself  to  be  put  to  deitlli. 

The  pbilusuphcrs  who  were  at  Alhriis  were  so  alarmed 
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at  (hr  death  of  SWKtet,  that  most  of  them  (ted>  to  avoid 
the  craelty  nnd  Injustice  of  the  pjvcrnment.  Plato  re- 
tircd,  nil  the  storm  shogid  U'-ovt-r,  to  Mrgara,  where  he 
was  kindly  entertained  hy  Euclid  the  philosopher,  who 
. had  bftn  one  of  the  first  scholars  ol  Socrates.  Afterwards 
)te  determined  to  travel  in  pursuit  of  knowledgir^  and  from 
Megara  he  went  to  Italy,  when*  be  conferred  with  Eury* 
tus,  IHitlolaus,  and  Archytas,  the  most  celebrated  of  thu 
Pythagorean^,  from  whom  he  learned  all  his  natural  phiKw 
sophy,  disiiig  into  the  most  prolound  and  mysterious  se- 
crets of  the  Pythagoric  doctrmes.  Hut  perceiving  other 
knowledge  to  be  connected  witl>  them,  he  wctit  to  Cyrenc, 
where  he  studied  geometry  and  other  branches  of  mathe- 
matics under  Theednrus,  a Ci-lcbrated  muster. 

llcnce  he  truvcliid  into  Egypt,  to  learn  the  theology 
of  their  priests,  with  the  sciences  of  arithmetic,  astronomy, 
and  the  nicer  parts  of  geometry.  Having  taken  also  a 
survey  of  the  country,  with  the  course  of  the  Nile  and  the 
canals,  be  settled  some  time  in  the  province  of  Suis,  learn- 
ing of  the  sages  there  their  opinions  c»nceining  the  uni- 
verse, whether  it  had  a beginumg,  whetlur  it  moved 
wholly  or  in  part,  UC;  also  civncerning  the  immoitality 
and  transmigration  of  souls : and  h«  re  it  is  also  thought 
he  had  some  communication  with  the  books  of  Moses. 

Piat'>A  curiosity  was  not  yet  nti>fied.  He  travelled 
into  Persia,  to  consult  the  nnigi  as  to  the  religion  of  that 
country.  He  dc^ignc.i  .nlio  to  have  {lenetraled  into  India, 
to  learn  of  the  Hrachmans  their  manners  and  customs; 
but  was  prevented  by  the  war*  in  Asia. 

Afterwards,  returning  to  Atficnji,  he  applied  himself  to 
the  teaching  of  philosophy,  ojM^ning  bis  sch()oI  in  the 
Academia,  a place  of  exercise  in  the  suburbs  of  the  city^ 
whence  it  was  that  his  follmvcrs  took  the  name  of  Aca- 
demics, 

Vet,  settled  as  he  was,  he  made  several  excursions 
abroad  : one  in  particular  to  Sicily,  to  view  the  fiery 
ebullilious  of  Mount  Etna.  Dionysius  the  l)*rant  then 
reigned  at  Syracuse,  where  Plato  went  to  visit  him;  but, 
irislead  of  finltering  him  like  a courtier,  be  n'prov<‘d  him 
for  the  disorders  of  his  court,  acnl  the  injustice  of  biS  go- 
vornment.  llie  tyrant,  not  U‘‘ctl  to  disagn-cable  truths, 
was  enraged  at  Pluto,  and  would  have  put  him  to  death, 
if  Diun  and  Aristomeiies,  formerly  his  scholars,  and  then 
favourites  of  that  prince,  hud  not  powerfully  intercedeil 
for  him.  Dionysius  however  delivered  hinfinto  the  hands 
of  an  envoy  of  the  Liccdemonians,  who  were  then  at  war 
with  the  Athenians  : and  this  envoy,  touching  on  the  const 
of  /Egina,  sold  hipi  fo»  a slave  to  a merchant  of  Cyreoe  ; 
who,  as  soon  as  he  had  bought  him,  liberated  him,  ami 
suit  him  home  to  Athens. 

Some  lime  after,  Ac  ma<lc  a second  voyage  into  Sicily, 
an  the  reign  of  Dionydus  the  younger;  who  sent  Dionf 
bis  minister  and  favourite,  to  invite  him  to  .court,  that  he 
might  learn  from  him  the  art  of  governing  las  people  well. 
Plato  accepted  the  invitation,  and  went;  but  the  intimacy 
between  Dipn  and  Plato  raising  jealousy  in  the  tyrant,  the 
• fornrer  was  disgraced,  and  the  latter  sent  back  to  Athens- 
But  Dion,  being  taken  inter  favour  again,  persuaded  Dio- 
nysius to  recall  Plaio,  which  he  did,  and  received  him  with 
all  rtie  marks  of  eeiodwilt  and  friendship  that  a great  prince 
could  bestow.  He  sent  out  a fine  galley  to  meet  him,  and 
went  himself  in  a magnificent  chariot,  attended  by  all  his 
court,  to  receive  him.  But  this  prince’s  uneven  temper 
hurried  him  into  new  suspicions.  It  stems  indeed  that 
llj*rse  apprehensions  were  not  altogether  groundless : for 


A^lian  says,  and  Cicero  was  of  the  same  opinion,  that  Plato 
taught  Dion  how  to  dispatch  the  tyrant,  and  to  deliver 
the  people  from  oppression.  However  this  may  be,  Plato 
was  ofiludid  and  complained;  and  t)ionyiius,.mci'ns«d  at 
these  complaints,  resolved  to  put  him  to  death  : but  Ar- 
chytas,  who  had  gred^iulerest  with  the  tyrant,  being  in- 
formed of  it  by  Dion,  mterceded  for  the  philosophcf,  an^ 
obtained  leave  fur  him  to  nuire.  * 

I'lie  Athenians  received  him  joyfully  at  his  return,  and 
offcrc*d  him  the  administration  of  the  government ; but  be 
declined  that  honour,  choosing  rather  to  live  quietly  in 
the  Academy,  in  the  peaceable  coqU-mplatiun  and  study 
of  phib»sophy;  being  indeed  so  desirous  of  a private  ro 
lircment  that  he  never  married.  His  fame  drew  disciples 
from  all  parts,  when  he  would  admit  them,  as  well  as  in- 
ritaiions  to  come  to  reside  in  many  of  the  other  Grecian 
states;  but  the  thnx>  of  his  pupils  that  most  distinguished 
themselves, were Spousippus  his  nephew,  who  continued  the 
Academy  after  him,  Xenocrutes  the  Caledonian,  and  the 
celcbrat^  Aristotle.  It  is  said  also  that  Theophrastus 
and  Demosthems  were  two  of  his  disciples.  He  bud  it 
seems  so  great  a respect  for  the  science  «f  geometry  and 
the  mathematics,  that  he  bad  the  following  inscription 
painted  in  large  letters  over  the  dour  of  his  academy;  I. ax 
NO  ONE.E^TFK  HERE,  UNLESS  IIF.  HAS  A TASTL  FOR 

Geometkv  ano  the  Mathematics  ! 

But  as  hi»  great  rt'putation  gained  him  on  the  one  hand 
many  disciples  and  udmirt-rs,  so  on  the  other  it  r.*iised  him 
some  emulators,  c.vpeciutly  among  his  fellow-disciples,  the 
followers  of  8ocrat(s.  Xenophon  and  he  were  particu- 
larly disartccicd  to  c«sch  other.  Plato  was  of  so  quiet  and 
even  a temper  of  mind,  even  in  bis  youth,  that  tic  never 
was  known  to  cxpri-ss  a pleasure  wiih  any  greater  emotion 
than  that  of  a smile ; and  he  had  such  a perfect  command 
of  bis  pusvions,  that  nothing  could  provoke  his  anger  or 
rrsentmeiit ; from  hence,  and  tin-  subject  and  style  rif  bis 
writit^s,  he  acquired  the  appelUlimi  of  the  Divine  Plato. 
.But  though  he  whs  naturally  of  a reserved  and  very  pen- 
sive dis]H>sition;  yet,  according  to  Aristotle,  he  was  affable, 
courteous,  and  perfectly  good-natured ; and  sometimes 
would ‘condescend  to  crack  little  innocent  jokes  on  hit 
intimate  acquiiinlances.  Of  his  usability  there  meds  no 
greater  proof  than  his  civil  manner  of  convereing  with  the 
piiiloioplitrs  of  his  own  times,  w in  fi  pride  and  envy  were 
at  their  height.  His  bi-haviour  to  Diogenes  U always  men- 
tioned in  his  history.  'ThisC^nic  was  greatly  ofleudod,  it 
seems,  at  the  polite  ness  nnd  tine  taste  of  Pluto,  and  used 
to  catch  alt  opportunities  qf  snarling  at  Mm.  Dining  one 
day  at  his  table  with  other  company,  wiien  trampling  u porr 
the  tapestry  with  his  dirty  feet,  he  uttered  this  brutish  sar- 
casm, **  I trample  U|>on  ibv-  pride  of  Plato:”  to  which  the 
latter  wisely  and  calmly  replied,  wiili  a greater  prid  e.” 
This  extraordinary  man,  iM’ing  arrived  at  1^1  years  of 
age,  died  on  bis  birtb-dny  a very  easy  and  (K:aceahle  di-uth, 
in  the  midst  of  an  entertainment,  according  to  some  ; but, 
according  toCicem,  as  he  was  writing.  Both  tbe  life  und 
death  of  this  pliilo.sopber  were  calm  and  undisfurl>cd  ; and 
indi'cd  he  was  finely  compostnl  for  happiness.  Besidi's  the 
advantages  of  a noble  birth,  he  had  a Inrgc^amk  compre- 
hensive understanding,  a vast  fund  of  wit  and  good  t^istc, 
great  evenness  and  sweetness  of  temper,  cultivated  and  rr^ 
fined  hy  education  ami  travel ; so  that  it  is  no  wonder  he 
was  htmuured  by  his  countrymen,  rstcemed  ky  strangers, 
and  adored  by  his  scholars.  Tully  perfectly  adored  him  : 
be  lelU  us  that  he  was  justly  called  by  Panaetius,  the  di- 
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vine^  the  mo>>t  the  most  sacrcfl,  the  Humer  of  phito> 
sophers ; thinks)  that  if  Jupiter  Itad  «pf>kcn  Grt*ek,  he 
would  have  dotiL*  it  in  Plato's  style,  Uut,  panegyric 

aside,  Pluto  was  certainly  a very  woiiderlul  man,  of  a large 
and  compri4)ensivt  inmd,  un  imagination  infinitely  tertile, 
and  of  a most  (lowing  and  co[iious  elof^uence.  However, 
the  strength  nnd  heal  of  fancy  prevailing  over  judgment  in 
hit  composition,  he  was  too  apt  to  soar  beyond  the  limits 
of  earthly  things,  to  range  in  the  imaginary  regions  of  ge- 
neral and  abstracted  ideas;  on  which  account,  though 
there  it  always  a greatness  and  sublimity  in  his  manner,  he 
did  not  philosophize  lo  much  according  to  truth  and  na- 
ture as  Aritlutlc,  though  Cicero  did  not  scruple  to  give  him 
the  {>rcfcrcncc/  • 

The  writing?  of  Plato  arc  all  in  the  way  of  dialogue, 
where  he  teems  to  deliver  nothing  from  hiiimdf,  but  every 
thin^  as  tbesentiraents  and  opinions  of  otlicrs,  of  Socrates 
ebiedy,  of  Timorus,  &c.  His  style,  as  Aristotle  observed, 
is  betwet'n  prose  and  verse  : on  which  account  some  have 
not  scrupled  to  rank  him  among  the  pi>elB : und  indeed, 
besides  the  elevation  and  grandeur  of  his  style,  his  rnuUcr 
is  frec|tierilly  the  offspring  of  imaginaiioiu  instead  of  doc- 
trines or  truths  deduced  l>om  nature.  The  ffrst  edition  of 
Plato’s  works  in  Greek,  was  printed  by  Aldus  at  V'enice  in 
1513:  but  a Latin  version  of  them  by  Mursilius  Ficinus 
had  been  primed  there  in  149L  They  were  •‘printed  to- 
gether at  Lyons  in  1588,  nnd  at  Franct'urt  in  KiO'J.  The 
famous  printer  Henry  Stephens,  in  157H,  gave  a beautiful 
and  correct  edition  of  Plato’s  works  at  Paris,  with  a new 
Latin  version  by  Serranus,  in  lhrc«  volumes  folio.— And 
the  industrious  ’fhomas  'I'aylor  has  lately  given  us  several 
of  Plato’s  wurki  in  an  Lnglish  translatiun. 

PLATONIC,  something  that  relates  lo  Pluto,  his  school, 
philotophy,  opinions,  or  the  like. 

PLATONIC  Bodies,  so  called  from  Plato  who  treated 
of  them,  arc  what  arc  otherwise  called  the  regular  bodies. 
They  are  five  in  number  ; the  tefraednm,  the  hcaaedron, 
the  octaedrun,'  the  dodecaedron,  and  the  icosaedron.*  S5c*j 
each  Of  these  articles,  as  also  Rkgulak  Bouibh. 

Platonic  y?«r,  or  the  Orcat  Iffor,  is  a pcrl<idof  lime 
determined  by  the  revoiiUion  of  the  equinoxes,  or  the  time 
in  which  the  stars  and  c«miellauons  return  to  their  former 
places,  in  respect  of  the  equinox«*s,— The  Platonic  year, 
accorJing  to  Tycho  Brahe,  is  ^i5SlO  solar  year>,  according 
to  Uiccioli  259‘>20,  and  according  to  Cassini  2 tSOf)  years. 
— This  period  being  once  accomplished,  it  was  an  (»pinioii 
among  tha  ancient?,  that  the  world  was  to  begin  anew,  and 
the$.*ime  scries  of  things  to  return  over  again. 

PLATONISM, the  doctrine  and  sentimeais  of  Plato  and 
his  followers,  with  regard  to  philosophy,  A;c.  His  disci- 
ples were  called  Acadcraic',  from  Ac.idemia,  the  name  of  a 
villa  in  the  suburbs  of  Athens  where  he  op<  ned  bis  school. 
Among  these  were  Xenorrates,  Aristotle,  lycurgui,  De- 
mosthenes, and  Isocrates  In  physics,  he  chiefly  followed 
Heraclitus;  in  ethics  and  politics,  Socrates;  and  in  meta- 
pb)'«rcs,  Pythagoras.* 

After  his  death,  two  of  the  principal  of  his  disciples, 
Xenocrates  and  Aristotle,  continuing  his  office,  and  teach- 
ing, the  one  in  the  Academy,  the  other  in  the  Lyceum, 
formed  t^o  sects,  under  different  names,  though  in  other 
respects  the  same  ; the  one  retaining  the  de  nomination  of 
Academics,  the  other  assuming  that  of  PeniFATEtres. 
See  thebc  two  articles. 

AfterwarcS,  about  the  time  of  the  first  ages  of  Chris- 
lianity,  the  followers  of  Plato  quitted  the  title  of  Acade- 


mists,  and  took  that  of  Piatonists.  It  rs  supposed  to  have 
been  at  Alexandria,  in  Kgypt,  that  thev*  first  Obsumed  ibis 
new  title,  after  having  restored  ibu  ancient  academy,  and 
re-established  Plato’s  scniinii'iits  ^ which  had  many  of  them 
been  gradually  dropjiedand  laid  aside.  Porphyry,  Piotin, 
lanihlichus,  Proclus,  and  Plutarch,  are  ihoscwho  acquired 
the  greatest  reputation  among  the  Greek  Plutomsts  ; Apu- 
lijios  and  Cbaicidius,  among  the  Latins;  and  PhiloJuda'Ua, 
among  the  Hebrews,  ’fhe  mtKlcrn  Piatonists  own  Plotin 
the  founder,  or  at  least  the  reformer,  of  their  sect. 

The  Platonic  philosophy  appears  very  consistent  with 
the  Mosaic  ; and  many  of  the  primitive  lathers  follow  thu 
opinions  of  that  philosopher,  as  being  lavuurublc  to  Chris- 
tianity. Justin  is  of  opinion  that  there  arc  many  tilings 
in  the  works  of  Plato  which  this  philosopher  could  nut 
learn  from  mere  natural  reason  ; but  thinks  he  must  have 
learnt  them  from  the  books  of  Muses,  which  he  might  have 
read  when  in  Leypt.  Hence  Nunieinus  the  Pythagorran 
expre-ssly  calls  Plato  the  Attic  Moses,  and  ujibraids  him 
with  plagiarism ; because  he  stole  his  doclriue  concerning 
G(hI  and  the  world  from  the  books  of  Muses.  Theodorut 
says  expressly,  ihathe  has  nuthinggood  and  commendable 
concerning  ti'.e  Deity  and  his  vvorship,  but  w liai  he  took 
from  the  Hebrew  theology  ; and  Clemens  Alexandrinus 
calls  him  the  Hebrew  Philosuplier.  C*aleis  very  {macu- 
lar in  his  proof  of  the  point,  that  Plato  bortowed  hir^dii- 
losopby  from  the  benptures,  either  immediately,  or  by 
lueaus  of  tradition ; and,  besides  the  authority  oi  the  an- 
cient writers,  he  brings  some  arguments  from  the  thing  it- 
s*df.  For  example,  Platojs  confetsion,  that  the  Greeks 
borrowed  their  knowledge  of  the  one  infinite  God,  from 
an  ancienf  people,  belter  and  neater  to  God  than  they; 
by  wiiich  people,  our  author  makes  no  doubt,  he  meant  the 
Jews,  from  his  account  of  the  state  of  innocence  ; 05,  that 
roan  was  bom  of  the  earth,  that 'be  was  rmkedrthatbe 
enjoyed  a truly  happy  state,  that  he  conversed  with  brutes, 
Aec.  In  fact,  from  uii  examination  of  all  the  parts  of 
Plati/s  philosophy, . physical,  metaphysical,  and  ethical, 
this  author  finds,  in  every  one,  evidmi  murks  of  its  sacred 
original. 

As  to  the  manner  of  the  creation,  Plato  teaches,  that 
the  world  was  made  according  to  a certain  exemplar,  ur 
ideo,  in  the  divine  urchirtect’s  mind.  And  all  things,  in 
(he  universe,  in  like  inaniuT,  lie  shows,  depend  on  the  efii- 
<acy  of  internal  ideas.  ^ Tiiis  ideal  world  is  thus  explained 
by  Didyrnus : “ Plato  supposes  certain  patterns,  or  exem- 
plars, of  all  sensible  things,  which  he  calls  ideas  ; and  as 
there  may  be  various  impressions  qikcn  off  from  tbe  same 
seal,  so  he  says  are  there  a vast  number  of  natures  exist- 
ing from  each  idea."  This  idea  he  supposes  to  be  an  eter- 
nal essence,  and  to  occasion  the  sever^  things  in  nature  to 

such  as  itself  is.  And  thut'musi  Wautiful  and  pufert . 
idea,  which  comprehends  all  the  rest,  be  rnainUiins  to  be 
the  world. 

Farther,  Plato  teaches  (hat  the  universe  is  an  intelligent 
•animal,  consisting  of  a body  and  a soul,  which  he  calls, 
the  generated  God,  by  way  of  distinction  from  whnt  he 
calls  the  immutable  essence,  who  was  the  cause  of  the  ge- 
nerated Gml,  or  the  universe. 

According  to  Plato,  there  were  two  kinds  of  inferiur- 
aud  derivative  gods;  the  mundane  gods,  all  of  which  had 
B temporary  generation  with  the  world;  and  the  supm- 
mundane  eternal  gods,  which  were  all  of  them,  one  ex- 
cepted, produced  from  that  one,  and  dependent  os  it  as 
their  cause.  Dr.Cudworth  says,  that  Plato  asserted  aplu- 
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rality  i>r«!ods,  mcfliiinj!  animated  or  intellectual  being>,  or 
darmon^,  supi  riur  to  mi*n,  to  whom  oonoi^  and  worship 
are  due;  aiw  applying  the  appellation  to  the  &un,  moon, 
and  dial's,  nnd  ahu  to  the  earth.  Ue  a‘^sert»  however,  at 
the  same  time,  that  there  was  one  suprem"  God,  the  srit- 
origmated  Ix'ing,  the  maker  of  the  heaven  and  earth,  and 
of  all  those  other  gods.  He  hUo  m;fintam«,  that  the 
Psyche,  or  Unix  t«at  mundane  soul,  which  is  a sr-lf-moving 
principle,  and  the  jimnetliate  cause  of  all  the  inotinn  in  the 
world,  was  neither  etenml  nor  aelf-e^istent,  hut  made  or 
ruduced  by  Clod  in  time;  and  above  this  sclf>inoving 
sychc,  but  subordinate  to  the  Supreme  Being,  astd  derived 
by  emanation  from  him,  he  supposes  an  immoveable  N^>us 
or  iukdieci,  which  was  properly  the  Demiurgus,  or  framer 
01  the  world. 

'1  he  lirst  mutter  of  which  this  brxly  of  the  uftiverR’  was 
funned,  i.cob»t-rve»,  was  a rudcindigi^stcd  heap,  or  chaos:' 
Now,  adds  he,  tltccn^ation  was  a mixed  production  ; and 
the  woild  is  the  result  of  a combiaaiion  of  m>ccssity  and 
understanding,  that  is,  of  inaUer,  wlych  he  calls  necessity, 
and  the  divme  wisdom  : yet  so  that  mind  rules  ovTr  ne> 
ci^sity  ; and  to  this  necessity  he  ascribes  the  introduction 
and  prevalence  both  of  moral  anrl  natural  evil.*  ' 

The  principles,  or  elements,  wltich  Plato  lays  down,  are 
tire,  air,  water,  and  earth,  lie  sup]>osev  two  heavens,  the 
Empyrean,  which  he  takes  (n  be  of  a fiery  imture,  and  to 
be  inhabited  by  angels,  &c ; and  the  Starry  heaven,  which 
he  teaches  is  nut  adamantine,  or  solid,  but  liquid  and  spi- 
fable. 

With  regard  to  the  human  soul,  >Plato  maintained  its 
transmigration,  and  consequently  its  future  immortality 
and  pre-exisiencc.  He  os.v  rted,  that  human  souls  are 
(len- in  a hq»sed  state,  and  that  souls  sinning  should  fall 
down  into  these  earthly  bodicsr  Eusebius  expressly  says, 
that  Pluto  held  the  soul  to  be  ungenerated,  and  to  be  do 
rived  by  emanation  from  the  first  cause.  % 

His  physics,  or  doctrine  De  C'urpore,  is  chiefly  laid 
down  in  bis  Timacus,  where  he  argues  on  the  properties  of 
bo«ly  in  a geometrical  manrver  ; which  Aristotle  takes  oc- 
casion to  reprcl>end  it)  him.  His  doctrine  De  Mente  is  de- 
livered in  his  lOlh  book  of  laws,  and  his  Parmenides. 

St.  Augustine  commends  the  Platonic  philosophy  ; and 
even  says,  that  the  Platonists  were  not  far  from  Chris- 
tianity. It  1$  also  certain  that  most  of  the  celebrated 
fulhers  were  Platonisis,  anti  borrowed  many  of  their  ex- 
planations of  Scripture  frajn  the  Platonic  system.  To  ac- 
count for  this  fact,  it  may  be  observed,  that  towards  the 
end  of  the  second  century,  a new  sect  of  philosophers, 
called  the  modt^rn,  or  later  Platonic,  arose  of  a sudden, 
spread  with  amazing  rapidity  through  (he  greatest  part  of 
the  Roman  empire,  swallowed  up  almost  all  the  othc£ 
KClx,  ojid  proved  very  detrimental  to  Christianity. 

The  school  of  Alexandria  in  Elgypt,  instituted  by  Pto- 
lemy Philadciphus,  renewed  and  reformed  the  Platonic 
pbilosuphy.  The  votaries  of  this  system  distinguished 
themselves  by  the  title  of  Platonics,  because  they  thought 
that  the  si  ntimenU  of  Plato  concerning  the  Deity  and  in- 
visible (Lings,  were  much  more  rational  and  sublime  than 
those  of  the  other  philosopheci.  This  new  species  of 
Platonism  was  embraced  by  such  of  the  Alexandrian 
Christians  os  were  desirous  to  retain,  with  the  profession 
of  the  Gospel,  the  title,  tHo  dignity,  and  the  habit  of  philo- 
sophers. Ammoiiius  Saccas  was  its  principal  founder, 
who  wa^  succeeded  by  his  disciple  Plotinus,  as  (bis  latter 
was  by  Porphyry,  the  chief  of  those  formed  in  bis  school. 


99  ] 

From  the  time  of  Ammontus  until  the  sixth  century,  this 
was  almost  the  only  systenl  of  philosophy  publii  t}  taught 
at  Alexandria.  It  was  biuugut  into  Grivce  b)  Plutarch, 
who  unewfd  at  Aihenii  the  cilehraied  academy,  from 
whence  indued  many  illustrious  philosophers.  1‘he  gi-nc- 
rul  principU’  on  which  (his  seel  was  founded,  was,  that 
truth  was  to  be  pursued  with  the  unnusl  liberty,  and  to  be 
collected  from  ail  the  dilKrent  s)<items  in  which  it  lay 
fiispiTM'd.  But  nc.iie  that  were  desirous  of  biniig  ranked 
among  thcR’  new  PUtuiiivts,  called  in  quesiton  (he  mam 
doctrines  ; thot>e,  for  example,  which  rc^^ardid  llic  exist- 
ence of  one  God,  the  fountain  of  all  things;  the  eternity, 
of  the  world  ; the  dependence  of  matter  (i(H>n  the  Supremo 
Bring;  the  nature  of  souU;  the  plurality  of  gods,  Nc. 

In  the  fourth  Century*,  under  t^'  reign  of  N'aientiniuj),  a 
dreadful  storm  of  persecution  arose  against  the  Piatonisis  ; 
many  of  whom,  being  accused  of  jnngical  practices,  and 
other  crimes,  were  capitally  convicted. 

In  the  fifth  century  Pruclus  gave  uew  life  to  the  doctrine 
of  Plato,  and  rvstored  iPto  us  former  credit  in  Greece; 
with  whom  concurred  many  of  the  Cbriuian  doctors,  who 
adopted  the  Platonic  system.  The  Platonic  philosophers 
were  generally  opp^.sers  of  Christianity  ; but  in  the  sixth 
century,  Cbulcidius  gave  (he  Pagan  sy«lrm  an  evangelica] 
aspect ; and  those  wii(»,  before  it  became  the  religion  of  the 
state,  ranged  iheiuH'ives  under  (he  standard  of  Plato,  now 
repaired  to  that  of  Christ,  without  any  great  change  of 
their  system. 

Unoer  the  emperor  Justinian,  who  issued  a particular 
•diet,  prohibiting  (he  teaching  of  philosophy  at  Athens, 
which  edict  seems  to  have  been  levelled  at  modern  Plato- 
nism, all  the  celebrated  philoosphcrs  of  thisH’ct  look  re- 
fuge among  the  Persians,  who  were' at  tliut  lime  the  ene- 
mies of  Rome  ; ami  though  they  returned  from  ibeir  vo- 
luntary exile,  when  the  pence  was  concluded  between  the 
Persians  and  Romans,  in  533,  they  could  never  recover 
their  former  credit,  nor  obtain  the  din  ction  of  the  public 
schools. 

Platonism  however  prevailed  among  (ho  Greeks,  and 
was  by  them,  and  partirularlv  by  Geinistiu^  Pletho,  in- 
troduce into  Italy,  and  established,  under  the  ausoicea 
of  Cosmo  dc  Mcdicis,  about  (he  year  1439i  who  orsered 
Mondljua  Ficinus  to  translate  into  Latin  the  works  of  tho 
most  renowned  Platoni«t«.  • « 

PLATONISTS,  the  followen  of  Plato;  otherwise  called 
Academics,  from  Academia,  the'naiDc  of  the  place  that 
philosopher  chose  for  his  residence  at  Athena. 

PLEIADES,  an  assemblage  of  seven  start  in  (he  neck 
of  the  constellation  Taurus,  the  bull ; jhougb  there  are 
now  only  six  of  them  visible  to  the  naked  eye.  'Pho 
largest  of  these  is  of  the  third  magnitude,  and  called  Lu- 
cido  Pleiadum.^Thc  Greeks  fabled,  (hat  the  name  Plei- 
ades was  given  to  these  stars  from  seven  daughicn  of  At- 
las and  Pleione,  one  of  the  daughters  of  Oceanus,  who 
having  been  the  nurses  of  Bacchus,  were  for  their  ser- 
vices taken  up  to  heaven  and  placed  there  as  start,  where 
they  still  shine.  The  meaning  of  which  fable  may  be, 
that  Atlas  first  observed  these  start,  and  called  them  by 
names  of  the  daughters  of  his  wife  Pleione. 
PLENILUNIUM,  the  full-moon. 

PLENUM,  in  Physics,  signifiH  that  sUle  of  things,  in 
which  every  part  of  space,  or.  extension,  is  supposed  to 
be  full  of  matter:  in  opposition  to  a va#uum,  which  is  a 
space  devoid  of  all  matter.— The  Cartesians  held  the  doc- 
trine of  an  absolute  plenum  ; namely  on  this  principle. 
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that  the  ewcncc  of  mailer  consuls  in  extension  ; nnH  con- 
aoquentiy,  Ihi-rc  U*ing  every  wlieie  extenaimv  «»r  space, 
there  is  every  where  inutler:  which  is  little  tetter  than 
bepnin*  the  question. 

PLINTH,  In  Architecture,  n flat  square  number  in 
form  of  a brick  or  tile ; u^ed  us  the  foul  or  luunilation  of 
columns  an4  pillars,  6iC. 

PLOT,  in  Surveying,  the  plan  or  draught  of  any  par- 
cel of  ground  ; tts  u farm,  qr  maiu»r,  /kc.  • 

PLOn'ING,  in  Surveying,  the  describing  or  laying 
down  on  paper,, the  several  angles  and  lines,  &c,  of  a 
tract  of  land,  ih^  has  been  surveyed  and  meavurnd.  Plol- 
*ting  is  usually  p,-rfnrmed  by  ttro  inslrumciiU,  the  pro- 
tractor and  plotnng-scalc;  the  former  serving  to  lay  olT- 
all  the  angles  that  have  measured  and  set  down,  and 
the  latter  al)  the  measured  lines.  See  these  two  instru- 
ments under  their  respeCliwe  names. 

pLOTTiKo  Scale,  a inHiheiiiatical  instrument  chiefly 
used  for  the  plotting  of  grounds  in  surveying,  or  setting 
off  the  lengths  of  the  lines.  Jt  i$  either  6,  9,  ur  12  inches 
ill  length,  and  about  an  inch  and  half  broad ; being  made 
of  box-wood,  brass,  ivory,  or  silver;  those  of  ivory  are 
the  neatest. 

This  instrument  contains  various  scales  nr  divi<M  lines, 
on  both  sides  of  it.  On  the  one  side  are  a number  of 
plane  scales,  or  scales  of  equal  divisions,  each  of  a dif> 
fereat  number  to  the  inch;  as  also  scales  of  chords,  for 
laying  down  angles ; and  sometimes  even  the  degrees  of 
a circle  marked  on  one  edge,  answering  to  a centre  mark- 
ed Oh  the  opposite  edge,  by  which  means  it  serves  also  as 
a protractor.  On  the  other  side  aro  several  diagonal 
scales,  of  difTcrcnl  sizes,  or  different  divisions  to  the  inch  ; 
sening  to  take  off  linos  expressed  by  numbers  to  three  di- 
mensions, as  units,  tens,  and  hundreds;  as  also  a scale  of 
divisions  which  are  the  100th  parts  of  a foot.  But  the 
most  useful  of  all  the  lines  timt  can  be  laid  upon  this  in- 
strument, though  not  always  done,  is  a line  or  plane  scale 
upon  the  two  opp'iiitc 'edges,  made  thin  for  that  purjKisi*. 
This  Is  a very  useful  line  in  surveying;  for  by  laying  the 
instrument  down  upon  the  paper,  with  its  divided  edge 
along  a line  upon  wjiich  are  to  be  laid  off  several  distances, 
for  the  places  of  otf-set»,  iVc;  these  distances  are. all  trans- 
ferred at  once  from  the  inslrumtni  to  the  line  on  the  pa- 
per, hy  making  small  marks  or  points  ugiiiont  the  respective 
divisions  bn  the  edge  of  the  scale.  See  % 2 ami  3,  plates 
26  and  27. 

pLOTTixG-T(ifc/c,  in  Surveying,  is  used  for  a plane  ta- 
ble, as  improved  by  Mr.  Beighton,  svhoh^  obviated  many 
inconveniences  attending  the  use  of  the  common  plane 
table.  See  Philos.  Trans,  numb.  46U 

PLOUGH,  or  Plow,  in  Navigation,  an  ancient  nmtbc- 
maticai  instrument,  msdc  of  box  or  pear-trix',  and  used 
to  take  the  height  of  the  sun  or  stars,  in  order  to  find  the 
latitude.  This  instrument  admits  of  the  degrees  to  be  very 
large,  and  has  been  much  esteemed  by  many  artists; 
though  now  quite  out  of  use. 

Ti.ou©ii-.Von</fly,  the  first  after  F.piphany-,  or  Jan.  6. 

PLUMB-Lixr,  a term  among  anificers  fora  line  per- 
pendicular to  the  horizon. 

PLUMMET,  Plumb-rule,  or  Plumb-like,  an  in- 
strument  used  by  nmsoBs,  carpenters,  &c,  to  draw-  per- 
pendiculars ; in  order  to  jud^e  whether  walls,  &c,  be  up- 
right, or  planes  horizontal,  and  the  like. 

PLUNGER,  in  ^lecba^ics,  a solid  bra|s  cylinder,  used 
as  a forcer  in  forcing-pumps. 


PLUS,  in  Algebra,  the  affirmative  or  positive  sign  •f-, 
signifying  mun*  or  addition, or  that  the  quantity  following  it 
is  either  tube  considered  as  a pusiliveor  affirmative  quantity, 
or  that  it  is  to  be  addetl  to  the  other  quantities;  so  4 6 s 

10,  is  read  thus  4 pids  6 is  equal  to  10.  See  Afi'Irma- 
TiVE  bVgTi.  The  more  early  writers  of  Algebra,  as  Lucas 
dc  Burgo,  Cardan,  'I'artagljR,  Ate,  wrote  the  word  mostly 
at  full  length  : afterwards  this  was  contracted  or  abbre- 
viated, using  one  or  two  of  its  first  leUert ; which  initial 
was,  hy  the  Germans  I think,  corrupte4  to  the  present 
cbaracur  ; which  1 find  first  used  by  btiteliu?,  printed 
in  his  Arithmetic. 

PLUViAMLTER,  a machine  for  measuring  the  quan- 
tity of  rain  that  falls.  There  is  described  in  the  Philos. 
Trans,  (numb.  473),  by  Robert  Pickering,  under  the  name 
of  an  Omhrafueter,  an  instrument  of  this  kind.  It  con- 
«ists  of  a tin  funnel  d,  whose  surface  is  an  inch  square 
(fig.  0,  plate  26} : a flat  board  and  a glass  tubcM, 
set  into  the  middle  of  it  in  a groove;  and  an  index  with 
divisions  cc;  the  . board  ami  tube  being  of  any  length  at 
pleasure.  The  borc^f  the  tube’  is  about  half  an  inch, 
which  Mr.  Pickering  says  rs  the  best  size.  The  machine 
is  fi.xcd  in  some  free  and  open  place,  as  the  top  of  the 
bouses  ficc.  « 

'I’he  ram-gJiugc  rmjiloycd  at  the  bouse  of  the  Royal  So- 
ciety is  described  by  Mr.  Cavendish,  in  the  Philos.  Trans- 
for  1776,  p.  3S4.  The  vessel  which 
receives  the  ruin  is  a conical  Yunnel, 
strengthened  at  the  top  by  a bnus 
ring,  12  inches  in  diameter.  'Hic 
sidi*s  of  the  funnel  and  inner  lip  of 
the  brass  ring  are  inclined  to  the  ho- 
rizon. in  an  angle  of  above  66^ ; and 
the  outer  lip  in  an  angle  of  abovo 
50“;  which  aresuch  degrees  ofsterq}- 
ness,  that  there  seems  no  probabi- 
lity either  (hat  any  rain  which  fails 
within  the  funnel,  or  on  the  inner 
lip  of  the  ring,  shall  dash  out,  or 
that  any  which  fulls  on  the  outer  lip  shall  dash  into  the 
funnel.  ITic  annexed  figure  is  a vertical  section  of  (he 
funnel,  ABC  and  nhc  bring  the  brass  ring,  b.s  and  ha  the 
inner  lip,  and  bc  and  be  the  outer.  ’ 

In  fixing  pluviametm,  care  should  be  taken  that  tho 
rain  may  have  free  access  to  them,  without  being  impeded 
or  ovenhaded  by  buildings,  Arc ; and  theretorc  liie  tops 
of  hous«‘s  are  mostly  to  be  preferjed.  Also  when  the 
quantities  of  rain  collected  in  them,  at  different  places, 
are  compared  together,  the  instruments  ought  to  bc  fixed 
at  the  same  height  above  the  grouixl  at  both  places;  be- 
cause at  dilTmnl  hriglits  the  ,quantiti<*s  are  always  dif- 
fcfrnl,  even  in  the  same  place.  And  hroue  also,  any  re- 
gister or  account  of  rain  in  the  pluviameter,  ought  to  be 
Rccompanicd  wiih  a note  of  the  height  above  the  ground 
the  instrument  is  placed  at.  Sec  ^mntiiy  q^RAlN. 

PNEU.MATICS  that  branch  of  natural  philosophy 
which  treatv  of  the  weight,  pressure,  and  elusticity  of  the 
air,  or  elastic  fluids,  with  the  etfccii  arising  from  them. 
VVolfius,  instead  of  pneumatics,  uses  the  term  Aeromrtry.— 
This  is  a sisttT  science  to  Hydrostatics ; the  one  consider- 
ing (be  air  in  the  same  manner  as  tbe  other  does  waicr. 
And  some  consider  pneumatics  as  a branch  of  mechanics; 
bi'cauie  it  considers  the  air  in  motion,  with  the  conse- 
quent effects. — For  the  nature  and  properties  of  air,  see 
the  grlicle  Air,  where  they  arc  pretty  largely  treated  of. 
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To  which  may  be  added  the  following,  which  rc!>pccts 
more  particularly  the  ttciunce  of  pneumatics^  as  contained 
in  a few  propr>»iiioiis,  and  their  corollaries.  * 

Paop.  I.  TAe  /liru  aMeatyJitiid  body,  which  surroundt 
find  s^avuaies  on  nit  pnrtt  ef  the  earth'i  aifftice. 

These  properties  of  air  are  proved  by  experience.  Tliat 
' it  is  a Huid,  ifi  evident  frutiaits  easily  yielding  to  nny  the 
least  force  tmpri'sscd  upon  it,  with  little  or  no  temiblc  rc> 
sistanre. — But  when  it  is  moved  briskly,  by  any  means,  ns 
by  a fan,  or  a pair  of  bejlows  ; or  when  any  body  i»  moved 
sw  iftly  through  it ; in  these  cases  wc  become  sensible  of  it 
as  a body,  by  the  resistance  it  makes  in  such  motions,  * 
and  also  by  its  impelling  or  blowing  away  any  light  sub> 
stances.  So  that,  being  capable  of  resisting,  nr  moving 
<6ther  bodies  by  its  impulse,  it'muspilsclf  be  a body,  and 
be  heavy,  like  all  other  bodies,  in  proportion  to  ibc  mat- 
ter it  contains  ; and  therefore  it  will  press  upon- all  bodies 
that  are  placed  under  it.— And  being  a fluid,  it  will  spread 
itself  over  the  entire  surface  of  the  earth  ; also  like  other 
fluids  it  will  gravitate  upon,  and  press  every  where  upon 
the  earth’s  surface. 

I'be  gravity  and  pressure  of  the  air  is  also  evident  from 
many  experiments.  Thus,  for  instance,  if  water,  or  quick- 
silver, be  poured  into  the  tube  ace,  and  the  air  iic  sutfered 


to  press  upon  it,  in  both  ends  of  the  tube ; (ho  fluid  will 
test  at  the  same  height  in  both  (he  legs:  but  if  the  air  be 
drawn  out  of  one  end  as  a,  by  any  means;  then  the  air 
pressing  on  the  other  end  a,  will  press  down  the  fluid  in 
this  leg  at  a,  and  raise  it  up  in  the  other  to  n,  as 'much 
higher  than  at  b,  as  the  pressure  of  the  air  is  equal  to. 
By  which  it  appears,  not  only  that  the  air' docs  really 
press,  but  also  what  the  quantity  of  that  pressure  is  equal 
to.  And  this  is  the  principle  of  the^  barometer. 

Prop.  II.  The  air  i*  aUo  an  etatlic fiuidy  bein^  condenti- 
hte  aod  expantibie.  * And  the  laxo  it  obtercet  in  this  respect 
is  this^  tk^  I/s  dentiiy  it  always  proportiomat  to  the  force  by 
which  it  it  compressed.  . 

This  pYo|)erty  of  the  air  is  proved  by  many  experiments. 
Thus,  if  the  handle  of  a syringe  be  pushed  inwards,  it 
will  condense  the  inclosed  air  into  a \nt  space;  by  which 
it*is  shown  to  be  condensible.  But  the  included  air,  thus 
Condensed,  will  be  felt  to  act  stMngly  against  the  hand, 
and  to  resist  the  force  compressing  it  more  and  more ; and 
on  withdrawing  the  hand,  the  handle  is  pushed  .back 
again  to  where  it  was  at  first.  Which  shows  that  the  air 
is  elastic. 

Again,  fill  a strong  bottle  half  full  with  water,  and  then 
insert  a pipe  into  it,  putting  its  lower  end  down  tiear  to 
the  bottom,  and  cementing  it  very  close  round  the  mouth 
of  tbe  bottle.  Then  if  air  be  vtroDgly  injected  through 
the  pipe,  as  by  blowing  with  the  mouth  or  otberwiie,  it« 
will  pass  through  the  water  from  the  lower  end,  and 
ascqnd  up  into  the  part  before  occupicfl  by  the  air  at  o, 
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and  the  whole  mass  of  air  become  (here  condensed,  be* 
muse  the  water  is  not  easily  compressed  ipto  a less  space. 
Bui  on  removiog  the  force  which  injoefed  the  air  at  P, 
the  water  will  begin  to  rise  from  thence  in  a jet,  being 
pushed  up  the  pipe  by  the  increased  elasticity  of  (he  air 
G,  by  which  it  presses  on  the  surface  of  the  water,  and 
forces  it  through  the  pipe,  till  os  much  b^  expelled  as 
there  was  air  forced  in  ; when  the  air  at  c will  be  re 
duced  to  the  same  density  as  at  first,  and,  the  balance  be- 
ing restored,  the  jet  ceases. 

Likewise,  if  into  a jar  of  water  a d,  be  inverted* an  empty 
glass  tumbler  c»  or  such  like ; the  wa|pr  will  cuter  it,  and 


partly  fill  it,  but  not  near  so  high  as  tbe  water  in  the  jar, 
compressing  and  condensing  (be  air  into  a less  space  in  the 
upper  part  c,  and  causing  the  gluts  to  make  a sensible  re- 
sistance to  (he  hand  in  pushing  it  down.  Rut  on  removing 
the  band,  the  elasticity  of  ihc  internal  condensed  air 
throws  the  glass  up  again.— All  these  showing  that  the  air 
is  condensible  and  elastic. 

Again,  to  show  the  rate  or  proportion  of  the  elasticity 
to  the  condensation  ; take  a long  slender  glass  tube,  open 
at  the  lop  A,  bent  near  the  bottom  or  close  end  b,  and 
equally  wide  throughout,  or  at  least  in  the  part  bd  (2d 
fig.  above).  Pour  in  a littlequicksilver  at  a,  just  to  cover 
the  bottom  to  the  bend  at  cd,  and  to  stop  the  communi- 
cation between  the  external  air  and  (he  air  in  bo.  Then 
pour  in  more  quicksilver,  and  mark  the  corresponding 
heights  at  which  it  stands  in  tbe  two  legs  : so,  when  it  rises 
to  II  in  the  open  leg  ac,  let  it  rise  to  m in  the  close  one, 
reducing  its  included  air  from  the  natural  bulk  or>  to  (he 
contracted  space  BE,  by  the  pressure  of  the  column  lie; 
and  when  the  quicksilver  stands  at  i and  k,  in  the  open  leg, 
let  it  rise  to  r and  o in  the  other,  reducing  the  air  to  the 
res|>cctive  spaces  Br,  BO,  by  the  weights  of  the  columns 
i/.  Kg.,  Then  it  is  always  found,  that  the  condensations 
and  elasticities  are  as  the  compressing  weights,  or  columns 
of  the  quicksilver  and  the  atmosphere  together.  So, 
the  natural  bulk  of  the  air  bd  be  compressed  into  the 
spaces  BE,  BV,  bo,  or  reduced  by  the  spaces  de,  Dr,  DO, 
which  are  i of  BD,  or  as  the  mimbevs  I,  2,  S ; then 
the  atmosphere,  together  with  the  corresponding  column 
lie,  \f.  Kg,  will  also  be  found  to  be  in  the  same  proportion, or 
as  the  numbers  1,  2, 3 : and  then  the  weights  of  the  quick- 
silver arc  thus,  vix,  lie  = {a,  \f  ^ a,  and  ss  3a  ; 
where  a denotes  the  weight  of  the  atmosphere.  Which 
shows  that  the  condensations  arc  directly  as  the  compres- 
sing forces.  And  the  elasticities  are  also  in  the  same  pro- 
portion, since  the  pressures  in  ac  arc  sustained  by  the 
elasticities  in  oD^From  the  foregoing  principles  iqay  be 


P N E 


[ soa  3 p N E 


deduced  many  usiiul  remarks,  as  in  ihc /blowing  corol- 
laries. 

•Coro/.  1.  The  space  that  any  quantity  of  air  is  con- 
fined ii^is  reciprocally  as  the  force  that  cumpreMC*  it. 
So,  the  forces  which  confine  a quantity  of  air  in  the  cy- 


lindrical spaces  AO,  bc,  co,  arc  reciprocally  as  the  saroe» 
or  reciprocally  as  the  heights  ad,  bd,  cd.  And  therefore, 
if  to  the  two  {K’rpcmiicuUr  lines  ad,  Dii,  as  asymptotes,  the 
hyperbola  ikl  be  described,  and  liic  ordinates  ai,  rk,  cx. 
be  drawn  ; then  the  forces  which  cdhfirre  the  air  in  the 
spaces  AO,  BO,  CO,  will  be  as  the  corn-spondnig  ordinates 
Ai,  BK,  CL,  since  these  are  rccmrocally  as  the  abscisses 
AD,  »o,  CD,  by  the  nature  of  iR':  hyperbola. , 

Coroi.  2.  All  the  air  near  the  earth  is  in  u stale  of  com- 
pression, by  the  weight  of  the  incumbi'iit  atmosphere. 

CoroL  3.  The  air  is  denser  near  the  earth,  than  in  high 
places  : or  denser  at  tJ)e  foot  of  a mountain,  than  at  the 
top  of  it.  And  the  higher  above  the  earth,  the  rarer  it  is. 

Coroi.  4.  The  spring  or  elasticity  of  the  air,  is  equal  to 
the  weight  of  the  atmosphere  above  it ; and  they  will  pro- 
duce the  same  eficcts ; since  they  are  always  sustained  and 
balanced  by  each  other. 

Coroi.  5.  If  the  density  of  the  air  be  increased,  pre- 
serving the  same  brat  or  temperature  ; its  spring  or  elasti- 
city will  also  increased,  and  in  the  same  proportion. 

Coroi.  6.  By  the  gravity  and  pressure  of  the  atmospiierc 
upon  the  surfaces  ul  fiuids,  the  fiuids  arc  made  to  rise  in 
any  pipes  or  vesvels,  when  the  spring  or  piessurc  within  is 
diminished  or  taken  otf. 

Prop.  HI.  Heat  tnerrasex  tAc  elasiicily  *}f  the  air,  and 
cold  dimiauhes  it.  Or  heat  expands,  and  cold  contracts  and 
coddcnscs  the  air. 

This  property  is  also  proved  by  experience.— Tlius,  tic 
a bladder  very  close,  with  some  air  in  it;  and  lay  it  be- 
fore the  fire  ; tiieo  a.>  it  warms,  it  wilt  mhre  and  more  di- 
stend the  bladder,  and  ut  lust  burst  it,  if  the  he.it  bc  conti- 
nued and  incrcHscd.high  enough.  Dut  if  the  bladder  ho 
nmoved  from  the  fire,  it  will  contract  again  to  its  former 
state  by  Cooling.— It  was  on  this  principle  that  the  first 
air-balloons  were  made  by  Montgolfier : for  by  heating 
the  air  within  them,  by  a fire  underm-alh,  the  hot  air  di- 
stends them  to  a size  which  occupies  a space  in  the  ut- 
rfipspherc  whose  weight  of  common  air  exceeds  that  of 
the  balloon. 

Also,  if  a cupor  glass,  wiilra  little  air  in  it,  be  inverted 
into.a  vessel  of  water ; and  the  whole  be  heated  over  the 
fire,  or  otherwise:  the  air  in  tho  top  will  expand  till  it  fill 
the  glass,  and  expel  the  w ater  out  of  it ; and  part  of  tho 
air  itself  wUl  follow,  by  continuing  or  increasing  the  heat. 
—Many  other  experiments  to  the  same  cfiect  might  bc  ad- 
duced, all  proving  the  piopcrtics  mentioned  in  tbe  propo- 
sition. 

Sekoi.  Hence,  when  the  forccof  the  elasticity  of  the  air 
is  considered,  regard  4iiust  be  had  to  its  heal  or  tempera- 
ture ; the  sauie  quantity  of  air  being  more  or  less  clastic. 


as  its  heal  is  more  or  less.  Antf  it  ims  been  found  by  ex- 
periroenl  that  iu  elasticity  is  inerrasod  at  the  folluwing 
rate,  vi*,  fiy  the  4^5lh  part,  by  each  degree  of  hcul  ex- 
pressed by  J'ahrenhril'a  tLermometer,  ol  which  there  are  * 
180  between  the  freezing  and  .boiling  point.  It  has  also 
been  found  (Philos.  Trans.  1777,  pa.  &:c),  that  water 
expands  the  tib'6'bth  part,  with  each  degree  of  heal ; and,  • 
mercury  the  9<»(K)lh  part  by  each  degrc-c.  Moreover,  the 
ndative  or  specific  gravities  of  ihcsothrec  subslunct'S,  are 
as  follow  : , 

*1'*^  barom.  is  at  30, 

' i.  .'""“(andthelhcrmoro.ai  5S. 

Mercury  13600  J 

AUo  these  numbers  arc  the  weights  of  a cubic  foot  of  each, 
in  the  same  circum^anccs  ot  the  barometer  and  thermo- 


meter. 

Prop.  IV'.  The  veigl/t  or  pressure  of  the  atmosphere,  upon 
any  base  ai  the  surface  the  earth,  is  equal  to  the  weight 
a coiunin  of  quicisiher  of  the  tame  base,  and  it*  height  be- 
tween 28  and  31  inches. 

This  is  pt^ived  by  the  barometer,'  an  instrument  which 
measures  the  pressure  of  the  uir ; the  description  of  which 
sec  under  its  proper  article.  For  at  some  seasons,  and  in 
some  places,  the  air  sustains  and  balances  a column  of 
mercurv  of  about  28  inches;  but  at  others,  it  balances  a 
column  of  2$,  or  30,  or  near  31  inches  high;  seldom  in 
the  e.xtremes  28  or  31,  but  commonly  about  the  means  29 
or  SO,  and  indeed  mostly  near  30.  A variation  whicli 
depends  partly  on  the  ditlercnt  degrees  of  heat  in  the  air 
near  the  surface  of  the  earth,  and  partly  on  j^hc  commo- 
tions and  changf's  ih  the  atmospiicri-,  frtun  winds  and  other 
causes,  by  which  it  is  accumulated  in  some  places,  and 
depressed  in  others,  being  thereby  rendered  denser  and 
heavier,  or  rarer  hnd  liglitcr;*whicb  changes  in  its  state 
are  almost  contiiiually  happening  in  any  one  place.  But 
the  medium  Mate  is  from  294  to  30  inches. 

Coroi.  I.  Hence  the  pressure  of  the  atmosphere  on  every 
square  inch  at  the  earth’s  surface,  at  a medium,  is  very* 
near  15  pounds  avoirdupois.  For,'  a cubic  foot  of  mer- 
cury weighing  nearly  13()00  ounces,  a cubic  inch  of  it 
will  wMgh  the  l728th  part  of  it,  or  alruoit  8 ounces,  or 
half  a pound,  which  is  the  weight  of  the  atmosphere  for 
every  inch  of  the  bhroraeler  on  a base  of  a square  inch  ; 
and  therefore  29|  inches,  the  medium  height  of  the  baro- 
meter, weighs  almost  15  pounds,  or  rather  1441b  very 
nearly. 

Cj^.  2.  ifenCG  also  the  weight  or  f>ressure  of  the  at- 
mosphere, is  (*qual  to  that  of  a column  of  water  from  32 
to  35  feet  iiigh,  or  mi  a medium  33  or  34  feet  high.  For 
water  and  quickislver  are  in  weight  nearly  us  lAo  13‘6; 
so  that  the  atmosphere  will  balance  a column  of  water 
13*6  times  higher  than  one  of  quicksilver;  consequently 
13*0  X 30  inches  = 408  inches  or  34  feet,  is  near  the 
medium  height  of  water,  or  it  is  more  nearly  33|  feet. 
And  hence  it  appears  that  a comimm  sucking  pump  w/iil 
not  niise  water  higher  than  about  34  feet.  And  that  a 
syphon  will  not  run  if  the  perpendicular  height  of  the  top 
of  it  be  more  than  33  or  34  fret  high.  « 

Corots.  If  (he  air  were  of  the  same  uniform  density,  at 
every  ht'ight,  to  the  cop  of  the  atmosphere,  as  at  the  sur- 
face of  the  earth ; Its  altitude  would  be  about  54  miles  at 
a medium.  For  the  weights  of  the  same  volume  of  air 
and  water,  are  nearly  as  1*232  to  1000 ; therefore  as 
1'232  : 1000  : : 34  feel  ; 27600  feel,  or  5|  raiU*  very 
lU'Qrly,  And  so  high  the  atmosphere  would  bc,  if  it  were 
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aU  of  uniform  den»ity,  like  water.  Hut,  from  its  expansive 
and  cliutic  quality!  becomes  continually  more  and  more 
rare  the  farther  above  the  earth,  in  a certain  proportion 
whicli  will  be  treated  of  below. 

Coral.  -1.  Front  this  prop,  and  the  la-’^r.  it  follows  that 
the  height  is  aJways  (be  same,  of  a uniform  atmosphere 
above  any  place,  which  shall  be  all  of  the  uniform  density' 
with  the  air  there,  and  of  equal  weight  or  pressure  with 
th^  real  height  of  the  almospliere  above  that  place,  whe* 
iber  it  be  at  the  same  place  at  dilTvrciit  times,  or  at  auy 
dilTerenc  places  or  heights  above  the  earth  •,  and  that 
height  is  always  about  27600  feet,  or  miles,  as  found 
above  in  tbe  3d.  corollary.  For,  os  the  density  varies  in 
exact  propc^ion  to  tbe  weight  of  the  columu,  it  therefore 
requires  a column  of  the  satne  height  in  ail  cases,  to  make 
thu  respective  weights  or  pressures.  Thus,  if  w and  w be 
tbe  weights  of  atmosphere  above  any  places,  d and  d their 
densities,  and  h and  A the  heights  of  the  uniform  columns, 
of  tbe  same  densities  and  weights:  'Hien  ii  x d vr, 
and  A x d = u> ; therefore  ~ or  H is  equal  to  nr  A ; 

the  tem]»cralure  being  the  same. 

Prop.  V'.  The  demity  qf  the  a/wospAerc,  at  different 
^ AeigAts  above  the  carlA,  decremet  in  sacA  a proportion,  that 
u>A^  the  height*  increase  inaritkmetical pro^etaton,  the  den- 
sities decrease  in /^conscrricaf  progression. 

Let  the  perpendicular  line  ap,  erected  on  the  earth,  be 
conceived  to  ira  divided  into  a great  number  of  very  small 
parts  A,  a,  C,  D,  &c,  forming  so  many  thin 
strata  of  air  in  the  atmosphere,  all  ofdifferent 
density,  gradually  decreasing  from  the  great* 
cst  at  A ; then  the  density  of  the  several 
strata  a,  b,  c,  d,  &c,  will  be  in  geometrical 
progression  decreasing. 

For,  as  the  strata  a,  b,  c,  Sec,  are  all  of 
c(|ual  thickness,  the  quantity*  of  master  in 
e«u;b  of  them,  is  as  the  density  there ; but 
the  density  in  any  one,  b«  ing  us  the  com- 
pressing force,  is  as  the  weight  or  quantity 
of  mailer  from  that  place  upward  to  the  lop 
of  the  atmosphere ; tiicVefore  the  quantity  of 
matter  in  each  stratum,  is  also  as  the  whole 
quantity  from  that  place  upw'ards.  Now  if 
from  the  whole  weight  nt  any  place  as  B,  tbe 
weight  or  quantity  in'the  stratum  B'be  subtracted,  tbe  re- 
mainder will  be  the  weight  at  the  next  higher  stratum  c; 
that  is,  from  each  weighs  subtfhcling  a part  which  U pro- 
portional tn  itself,  leaves  the  next  weight ; or,  which  is  the 
same  thit>g.  from  each  density  subtracting  apart  which  is 
always  proportional  to  itself,  leaves  the  next  density.  But 
when  any  quantities  are  c<mtinua)ly  diminished  by  parts 
which  are  pruporiiunal  to  themselves,  the  remainders  then 
form  a.scrieN  of  contiuued  proportionals;  and  cons<‘- 
quently  ihes**  densities  arc  in  geometrical  progression, 
I'bus,  if  the  first  deiuity  he  o,  and  frq|n  each  there  be 

:aken  its  nth  part ; thcri  there  remains  its  “p— 

the  ” part,  putting  m for  n — 1 ; and  therefore  the  se- 


nes of  densities  will  be 


”;d,&c,  — be- 


ing the  common  ratio  of  the  series. 

Schol.  Because  the  terms  of  an  arithmetical  scries  arc 
proportional  to  the  logarithms  of  the  terms  of  a geomc- 
irical  series;  therefore  diffcreiu  altitudes  above  the  cash’s 


surface,  are  as  the  logarithms  of  the  densities,  or  weights 
of  air,  at  those  Rllitudcs.  So  that, 

if  I)  denote  the  deruity  at  tbe  altitude  a, 

and  d the  density  at  the  altitude  a;  * 

then  A being  as  the  logarithm  of  d,  • 

and  a as  the  logarithm  of  d, 

the  dif.  of  altitude  A a will  be  as 

the  log.  of  D — log.  of  d,  or  as  log.  of  j.  ' 

And  if  A s 0,  or  D the  dciibiiy  at  the  surface  of  the 
earth,  then  any  altitude  above  the  surface  a,  is  as  tbe  log. 

of Or,  in  gPneral,  the  log.  of  ^ is*  as  the  altitude  of 

the  one  place  ab4.>vc  the  other,  whether  tb  * I-  wer  place  be 
at  the  surface  of  the  earth,  or  any  where  else. 

.4nd  from  this  property  is  derived  the  iiuihod  of  deter- 
mining the  heights  of  mountains,  and  <»thrr  einiiienci'S,  by 
the  barometer,  which  is  an  imtrumcnt  that  measures  Uic 
weight  or  density  ut  the  air  at  any  place.  BAaoiiE- 
TEK.  Fur  by  taking  with  thi»  iiisirumeat,  the  pressure  or 
density  at  the  foot  of  a hill  for  instance,  and  again  at  tbc‘ 
top  of  it,  the  difference  of  the  logarithms  of  these  two  pres- 
sures, or  the  logarithms  of  their  quuiient)  wiH  be  as  the 
diffenmee  of  altitude,  or  a-*  the  height  of  the  hill ; sup- 
posing the  temptratures  of  the  air  to  be  the  -ame  at  both 
places,  and  the  gravity  of  air  not  altered  by  the  different 
distances  from  the  earth's  centre. 

See  more  on  this  head  under  tbe  articles  Atmosphere 
and  Barumeteh. 

By  the  weight  and  pressure  of  the  atmosphere,  theeffect 
and  operations  of  pueumatic  engines  may  be  accounted 
fur,  and  explained ; such  as  syphons,  pumps,  barometers, 
&c.  See  each  of  these  articles,  also  .\iK.  * 

PiTEUUATiC  Engine,  the  same  as  the  Am  PuMr. 
POCKET  £/«cfrica/  Apparatus. — This  is  a contvivanc'^ 
of  Mr.  William  Jones,  in  Holborn,  the  form  of  which  ts 
representod  in  plate  28,  fig.  i> 

'I’his  small  machine  is  capable  of  a tolerably  strong 
charge,  or  accumulation  of  electricity,  and  will  give  a 
small  shock  to  one,  two,  three,  -or  a greater  number  of 
persons,  a U the  Leyden  phial  or  jar  that  holds  the 
charge.  B is  the  discharger  to  discharge  the  jar  when  re- 
quired without  electrifying  the  persou  that  holds  it.  c is 
a ribbon  prt'pared  in  a {K’culiar  manner  so  as  to  be  excited^ 
and  communicate  its  electricity  to  the  jar.  d arc  two 
hair,  dec,  skin  rubbers,  which  arc  to  be  placed  on  tbe  first 
and  middle  fingers  of  the  left  band. 

7b  charge  the  Jar.  Place  the  two  finger-caps  d on  the 
first  and  middle  fin;ier  of  the  left  hand  ; hold  the  jar  a at 
tbe  same  lime,  at  the  juiniug  of  the  red  and  black  on  tbe 
outside  between  the  thumb  and  first  finger  of  the  same 
hand  ; then  take  the  ribbon  in  your  right  hand,  and  steadily 
and  gently  draw  it  upwards  between  the  two  rubbers  b,  on 
the  two  nngprs;  taking  care  at  tbe  same  time,  that  the 
brass  ball  of  the  jar  is  kept  nearly  tlcMc  to  the  ribbon, 
while  it  is  pas-iug  through  the  fingers.  By  repeating  this 
O(>eralion  twelve  or  foOrtecti  times,  the  electrical  fire  will 
pas'i  into  the  jnr  which  will  become  charged,  and  by  pla- 
cing the  diK-harger  c against  it,  as  in  the  plate,  you  will 
ii‘e  a senvibie  spark  pass  from  the  ball  of  the  jar  to  that  of 
the  discharger.  If  the  apparatus  be  dry  and  in  good  order, 
yhu  will  hear  the  crackling  of  the  fire  when  the  ribbon  is 
passing  through  the  fingers,  and  the  jar  will  discharge  at 
the  distance  represented  in  the  figure.  • 

7b  electrify  a Verson.  ' Yqu  must  desire  him  to  lake  ibc 
• 2 D 2 
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jar  in  one  band,  and  with  the  other  touch  the  knob  of  it: 
or,  if  diversion  is  intended,  desire  the  person  to  smell  at 
the  kuubof  it,  in  expectation  of  sincHing  the  scent  of  a rose' 
or*a  piuk ; this  Just  mode  has  oerasioned  it  to  be  some- 

* times  called  the  Magic  Smelling  Bottle. 

PoETJCAt  Rtrin^  and  Setting.  See  RistKO  and  Skit* 
INO. — Thcanck  nl  poets,  re  ferring  the  rising  andscuidgof 
. the  stars  to  that  of  the  sun,  make  throe  kinds  of  rising  and 
sellinjf,  vii,  Cosmical,  AcremiCah  and  liclIacaL  Sec  i‘ach 
of  these  words  in  its  place. 

POIN  r,  a term  used  in  various  arts  and  sciences. 

Point,  in  Architecture.  Arches  uf*ihc  third  Point, 
and  Arches  of  the  fourth  Point.  See  .-Hnciics. 

Point,  in  Astronomy,  is  a term  applied  to  certain  parts 
or  pliLces  marked  in  the  heavens,  and  distinguished  by  pro* 
per  ferms.  The  four  grand  points  or  divisions  of  the  huri* 
aon,  viz,  the  east,  wot,  north,  and  se»uth,  arc  called  the 

* Cardinal  Point#. — The  zenith  and  nadir  arc  the  VVrtical 
Voinls.— The  points  where  thojprhits  of  the  planets  cut  the 

.plane  of  lliecciiplic,art*calledlne  Nodes. — The  points  where 
the  ecliptic  and  equator  imcrsccl,  are  called  the  I'quinoc* 
tial  Points.  In  particular,  that  where  the  sun  ascends  to* 
wards  the  north  pole  ii  called  the  Wrnal  Point ; and  that 

. where  he  descend  towards  the  south,  the  Autumnal  Point. 

Tlie  highest  and  lowest  points  of  the  ecliptic  are  called 
the  Solstitial  points.  Particularly,  the  former  of  them 
the  Estival  or  Summer  Point ; the  latter,  the  Brumal  or 
Winter  Point. 

PdiNTX,  in  Kl«N:lricify,  arc  those  acute  terminations  of 
bodies  which  facilitate  the  passage  of  the  electrical  fluid 
cither /row  or  to  such  bodie*.  Mr.  Jallabert  was  pro- 
bably the  first  ]>on»on  who  observed  that  a body  pointed  at 
one  end,  and  round  at  the  other,  produced  different  ap- 
pearances on  the  same  body,  according  as  the  pointed  or 
round  end  was  presented  to  it.  But  Dr.  Franklin  first  ob- 
aerved  and  evinced  the  w hole  effi-ci  of  pointed  bodies,  both 
in  drawing  and  throwing  off  electricity  at  greater  distances 
thfin  other  bodies  could  do  it;  though  be  candidly  ac- 
knowledges, that  the  power  of  }K>inis  to  throw  off  the  elec- 
tric ffre  was  communicated  to  him  by  his  friend  Mr. 
Thomas  Hopkiuson. 

Dr  Franklin  electrified  an  iron  shot,  3 or  4 inches "m 
diameter,  ami  observed  that  it  would  not  attract  a thread 
•when  the  point  of  a needle,  communicating  with  the  earth, 

* was  presented  to  it;  and  he  found  it  even  impossible  to 
electiify  an  imn  shot  when  a sharp  needle  lay  upon  it. 
This  remarkable  property,  poisessed  by  pointed  bodies,  of 
gradually 'and  silently  receiving  or  ihr»jwing  off  the  elec- 
tric fluid,  has  bei'n  evinced  by  a variety  of  other  familiar 
experiments.  Thus,  if  one  hutid  be  applieil  to  the  outside 
coaling  of  a large  jar  fully  charged,  and  the  point  of  a 
needle,  hcbl  in  the  otl\er,  be  directed  towards  the  knob  of 
the  jar,  and  moved  gradually  near  it,  till  the  point  of  the 
needle  touch  the  knob  or  ball,  the  jar  will  be  entirely  dis- 
charged, lo  us  to  give  no  shock  at  all,  or  one  that  is  hardly 
sensible.  In  this  case  the  point  of  the  needle  has  gradually 
and  silently  drawn  away  the  superabundant  electricity 
from  the  electrified  jar. 

Further,  if  the  knob  of  a bra.ss  rod  be  held  at  such  at 
distance  from  the  prime  conductor,  that  sparks  may  easily 
escape  from  the  latter  lo  the  former,  while  the  machine  is 
in  motion;  then  if  the  point  of  a m^idlc  be  presented, 
though  ai  twice  the  distance  of  the  rod  from  the  conduc- 
tor, no  more  sparks  svill  be  seen  passing  to  the  nid*  When 
the  needle  is  removed,  the  spark's  will  be  seen;  but  oo 


presenting  it  again,  they  will  again  disappear.  ,So  that  the 
point  of  the  needle  draws  off  silently  almost  all  the  fluid, 
which  is  thrown  by  the  cylinder  or  globe  of  the  machine 
upon  the  prime  conductor.  This  experiment  may  be 
v.iried,  by  fixing  the  needle  upon  the  prime  conductor 
wilh  the  jKiinl  upward;  and  ifiin,  though  the  knob  of  a 
discharging  rod,  or  the  knuckle  of  the  finger,  be  brought 
very  near  the  prime  conductU)*,  and  iheexcilalion  be  very 
strong,  little  or  no  spark  will  be|>ercvivcd.— The  influence 
of  points  isolsocvinctnl  in  the  amusing  experitnem,  com- 
monly called  the  electrical  horse-race,  and  many  others. 

bi*e  TiiCNi)ER-/i<)tftr. 

The  late  Mr.  llenly  cxbibileil  the  efficacy  of  pointed 
bodies,  by  suspending  a largo  bladder,  well  blown,  and 
covered  with  gold,  silver,  or  brass  ioiif,  by  mciiiiauf  gum- 
water,  at  the  end  of  a silken  thread  O'  or  j fet't  long,  hang- 
ing from  the  ceiling  of  a room,  and  electrifying  the  bladder 
by  giving  it  a strong  spark  with  the  knob  of  a charged 
bottle  : on  presenting  to  it  the  knob  of  a uiie,  it  caused 
the  bladder  to  move  lowardb  the  knob,  and  when  nearly 
in  cuniBCi  gave  it  a spnrki  thus  discharging  its  electricity. 
By  giving  the  blailder  another  charge,  und  presenting  the 
poiut  of  a needle  lo  it,  the  bladder  was  not  oltmcted  by 
the  poiut,  but  rather  needed  from  it,  (spicially  when  the 
needle  was  suddenly  presented  towards  it. 

But  e.vperimeiiis  evincing  the  elBcaCy  of  pointed  bodies 
for  silently  receiving  or  throwing  off  the  electric  Huid,  may 
be  infinitely  diversified,  according  lo  the  fancy  or  conve- 
nience of  tlic  ereciriciun.  It  may  be  obsi-rved,  that  in  the 
case  of  points  throwing  off  or  receiving  elrcuicity,a  cur- 
rent of  air  is  sensible  at  ag  elccirified  point,  w hich  is  al- 
ways in  the  direction  of  ibe  |K>int,  whether  the  electricity 
be  positive  or  negative.  A fact  which  has  been  well  ascer- 
tained by  many  electricians,  ami  particularly  by  Dr.  Pr\m- 
ley  ami  Sig.  Bt'ccaria.’  'I*^ie  former  contrived  to  exhibit 
the  influence  of  this  current  on  tlie  ffame  of  a candle,  pre- 
sented to  a pointed  wire,  electrifieii  mgatively,  as  well  ns 
pmilively.  The  blast  wa-s  in  boUi  cases  alike,  and  so  strong 
a*  to  lay  bare  the  greatest  pnrl  of  the  wick,  the  flame  being 
driven  from  the  point;  and  the  effect  was  the  same  whe- 
tlscr  the  clcclric  fluid  issued  out  of  the  point  or  entried 
into  iu  Ilf  farther  evinced  this  phenrmicnon  by  means  of 
thiii.ligbt  vanes;  and  h^  found,  as  .Mr.  Wilson  had  before 
observed,  that  the  vane*s  would  pot  turn  in  vacuo,  nor  in  a 
close  unexhausted  h-ceiver  where  tl\e  air  had  no  free  cir- 
rulatiun.  And  in  much  ^ic  same  manner,  IVccaria  ex- 
hibited to  sense  the  influence  of  the  wind  orcunentofair 
driven  from  points.  • 

As  to  the  Theory  of  the  phenomena  of  points,  these  are 
accounted  for  in  a variety  of  ways,  by  different  authors, 
though  perhaps  by  none  with  pirfi-ci  satisfaction.  Sre 
Franklin's  writings  on  Electricity;  Ivord  Mahons  Princi- 
ples of  Electricity,  1779;  Becruriu’s  Artificial  F.lectricily, 
1776,  pa.  331;  and  PriestU-y’s  History  of'  Ek-clriclty, 

vol.  2,  pa.  l9l,aBii.  1775. 

• As  to  the  jIppUcaiioH  of  the  doctrine  of  points ; it  may 
be  observed  thm  there  is  not  a more  important  fad  in  the 
history  of  clcct/icity,  than  the  use  lo  which  the  discovery 
of  the  efficacy  of  pointed  bodies  has  been  applied.  Dr. 
Frankhn,  having  asceruinnl  the  idcniily  of  electricity  and 
lightning,  was  presently  led  to  propo-«c  a chiap  and  easy 
method  of  securing  buildings  from  the  damage  oHight- 
ning,  by  fixing'a  pointed  metal  md  higher  than  ariy  part 
of  i^e  building,  und  communicating  with  the  ground,  or 
witkthc  nearest  water.  .And  this  contrivance  was  actually 
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vxpcutc«l  in  a variety* of  eases;  aoJ  bus  usuaUy  been 
ibou^bl  an  exccllant  prcsc/vutive  against  the  terrible  clTccts 
of  lightning. 

Some  few  instance*  however  having  occurred,  in  which 
buildings  have  been  &lrnck  and  damaged,  though  prusiiled 
with  these  conductors;  a controversy  arose  with  regard 
to  their  expediency  and  utility.  In  this  controversy  Mr. 
Benjuniin  Wilson  took  the  lead,  and  Dr.  .^lu«grave,  and 
some  few  other  electrjf  iatis,  the  Ipast  acquainted  with  the 
subject,  concurred  with  him  in  their  opposition  to  pointed 
elevated  conductors.  'I'hesc  gentlemen  allege,  that  every 
point,  as  such,  solicit^  the  lightning,  and  thus  contributes 
not  onlv  to  incrt'use  the  quantity  of  every  actual  discharge, 
but  also  frequently  to  uccusinn  a discharge  when  it  might 
not  oilirrvrise  have  happened : whercas,say  they,  if  instead 
of  pointed  conductors,  those  with  blunted  terminationi 
were  use<i,  they  would  as  effL-ctually  aitswer  the  pur^xistf 
■of  conveying  away  the  lightning  safely,  without  the  same 
tendency  to  increase  or  mviie  it.  Accordingly  M>.  Wil- 
son, in  u loiter  to  the  marquis  of  Uockingham  (Philos. 
Trans.  vol.54-,arl.  44),expri's.ses  his  opihiun,  that, in  order 
to  prevent  lightning  from  doing  mischief  to  high  buildings, 
large  magazines,  ami  the  like,  instead  of  the  elevated  ex- 
ternal conductors,  that,  on  the  inside  of  the  highest  part 
of  such  building,  and  within  a foot  or  two  of  the  top,  it 
may  be  proper  to  fix  a rounded  bar  of  metal,  and  to  con- 
linuc  It  down  bIoii't  the  side  of  the  wall  to  any  kind  of 
moisture  in  the  ground. 

On  the  other  hand,  it  is  urgr^d  by  the  advocates  for 
pointer)  comluctors,  that  poiills,  instead  of  increasing  an 
actual  discharge,  really  prevent  a discharge  where  it  woulr) 
otherwise  happen,  and  that  blunted  conductors  tend  to  in- 
vite the  clouds  charged  vt^ih  lightning.  And  it  ems  to 
be  a certain  fact,  that  though  a sharp  point  will  dr^w  off 
u charge  of  electricity  silently  at  a much  greater  distance 
than  a knob,  yet  a knob  will  be  struck  with  a full  explo- 
sion or  sliock.  tlie charge  b<*Tng  the  ;>amc  in  both  cases,  at 
a greater  distance  than  a sharp  point. 

The  efficacy  of  pointed  bodies  for  preventing  a stroke  of 
lightning,  is  ingeniously  explained  by  Dr.  Franklin  in 
the  following  manner : — An  eye,  he  says,  so  situated  as  to 
view  horizontally  the  underside  of  a ihuDder-cloud,  will 
see  it  very  r;igged;  with  a numl*er  of  separate  fragments 
or  siiihII  cloudv  otic  under  utiuiher;  the  iowevt  some- 
times noi  far  from  the  earth,  'l  liesc,  as  so  many  stepping- 
stones,  aiaiiil  in  conducting  a stroke  between  a cloud  and 
a building.  To  repnvent  these  by  an  experiment,  he 
takes  two  or  three  locks  of  fine  hxjse  cotton,  and  l onneclv 
one  of  them  with  the  prime  conductor  by  a fir>c  thread  of 
2 inches,  urtother  to  that,  and  a third  to  the  second,  by 
like  threads,  which  mby  be  spun  out  of  the  same  cotton. 
'I'hen  by  turning  the  globe,  all  these  locks  will  extend 
ihcmsolve|  towards  the  table,  os  the  lower  small  clouds 
do  towards  the  earth;  but  on  presenting  a sharp  point, 
erect  under  the  lowest,  it  will  shrink  up  to  the  sectmd,  the 
second  up  to  the  first,  and  nil  together  to  the  prime  con- 
ductor, where  they  will  continue  as  long  as  the  point  erm- 
linuev  under  them.  May  not,  he  adds,  in  like  manner,  ilic 
small  I'lectrified  clouds,  whoseequilibrium  with  the  earth  is 
soon  nutored  by  the  point,  rise  up  to  the  main  body,  and 
by  that  means  occasion  to  targe  a vacancy,  as  ihnt  the 
grand  cloud  cannot  strike  in  that  place  t Letters,  pa.  I2l» 

Mr.  Hrnly  too,  as  well  a.s  several  other  persons,  with  a 
view  of  determining  the  question,  whether  points  or  knobs 
arc  to  be  preferred  for.lhe  tcrmioatioiu  of  conductors. 


made  several  cxperimfnts,  showing  in  a variety  of  in* 
stances,  the  efficacy  oL  points  in  silently  drawing  off  the 
electricity,  and  preventing  strokes  tvhich  would  happen  * 
to  knobs  in  the  same  situation.  Philos.  Trans,  vul.  4, 
pait  2,  art.  18.  SccaUoTnuNDF.H-/fouie. 

Indeed  it  has  been  universally  allowed,  that  in  cases 
where  the  quantity*  of  eleclricrty,  with  which  thunder- 
clouds are  charged,  is  small,  or  when  they  move  slowly 
in  their  passage  to  and  over  a building,  pointed  conduc- 
tory,  which  draw  of!’  the  electrical  fluid  silently,  within 
the  distance  at  which  rounded  ends  will  explude,  will 
gradually  exhaust  them,  and  thus  contribute  to  prevent 
a stroke  and  preserve  the  buildings  to  which  they  arc  an- 
nexed. 

But, it  has  been  said  by  those  who  arc  averse  to  the  use 
of  such  conductors,  that  if  clouds,  of  great  extent,  and 
highly  electrified,  should  be  driven  directly  over  them 
with  great  velocity,  or  if  a cloud  hanging  directly  over 
buildings  to  which  they  are  annexed,  suddenly  receives 
charge  by  explosion  from  another  cloud  at  a distance,  so 
as  to  enable  it  instantly  to  strike  into  the  carib,  these 
pointed  conductors  must  take  the  explosion;  on  account 
of  their  greater  readiness  to  admit  electricity  at  a much 
greater  distance  than  those  that  arc  blunted,  and  m pro- 
portion to  the  difliTcnce  of  that  striking  distance,  Jo  inis- 
tbief  instead  of  good:  and  therefore,  they  add,  that  such 
pointed  conductors,  though  they  may  be  sometimes  ad- 
vaiuagoous,  are  yet  at  other  times  prejudicial;  and  that, 
as  the  purpose  for  wliich  comtuclors  are  fixed  upon  build- 
ings, is  not  to  protect  them  from  one  particular  kind  of 
clouds  only,  but  if  possible  from  all,  it  cannot  be  advi- 
sable to  use  that  kind  of  conductors  which,  jf  they  dimi- 
nish danger  on  the  one  band,  will  incrcfu>e  it  on  the  other. 
Hesides,  it  is  alleged,  that  if  pointed  conductors  are  at- 
tended with  liny  the  slightest  degri'cof  danger,  that  dan- 
ger must  be  considerably  augmented  by  carrying  them 
high  up  into  the  air,  and  by  fixing  them  upon  every  an-  ‘ 
g)e  of  H building,  ami  by  making  them  project  in  every 
direction.  Such  is  the  reasoning  of  Ur.  Musgravc : sec 
his  paper  in  the  Philos.  Trans,  vol.  6*8,  part  2,  art  36. 

Mr.  Wilson  too,  dissenting  from  the  report  of  a com- 
mittee of  the  Royal  Society,  appointed  to  inspect  the  da-  • 
mnge  done  by  lightning  to  the  house  of  the  U<>ard  of  Ord- 
nance, lit  Purfleet,  in  1777,  was  led  to  justify  his  dissent, 
and  to  disparage  the  use  of  pointed  and  elevated  con- 
ductors, by  means  of  a magnificent  apparatus  w hich  lie 
constructed,  and  with  which  he  might  produce  cfEecU 
similar  to  those  that  hud  happem>d  in  the  case  referred  to 
the  consideration  and  decision  of  the  cpimnitlce.  With 
this  view  he  procured  a model  of  the  lloard-hoti.«c  at  Pur- 
. fleet,  resembling  it  as  nearly  as  ]U>ssible  in  every  csMmtial 
appendage,  am^  furnished  with  conductors  of  ditlerenC 
lengths  and  terminations.  And  to  construct  a substitute  ' 
fora  cloud,  he  joined  together  the  hroaH  rims  of, 120 
diums,  forming  tugethrr  a cylinder  of  1 55  feci  in  It  ngth, 
and  above  16  indies  in  diuineter;  anJ  ihis*immeme  cy- 
linder, of  about  600  square  feet  of  posted  surface,,  was 
connected  ocdusiniially  with  oijc  end  of  a wire.48tX)  fn  t 
long.  As*  (his  bulky  apparatus,  repreeenting  the  thumb  r- 
duud,  could  nut  conveniently  bo  put  in  moiimi,  he  con- 
iriu'd  l<»  accuuipli&b  the  same  end  by  moving  the  mode]  of 
ihc  building,  with  a velocity  answering  to  that  of  the 
clomi,  wbich^  hr.  stnte.s,  at  a modcrutcr  comiufluiion,  to 
be  abouS  +.or  5 miles ^an  hour.  This  appanitus*  was 
charged  by  a machine  with  one  ’glass  cylindD,  about  10 
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t>r  1 1 fret  froiu  itii  nearest  cud  ;•  and  the  uUolc  of  the  t}>- 
pArfttU!»  was  dikpuMiI  ia  the  ttreat'^oorn  of  ttvc  Pantheon, 

* 4*iid  applied  to  uso  in  a vitrtvty  of  expeiimofits.  * But  it 
Uimpusiihic  within  (he  limits  of  this  article  tiodo  Justice 
to  Mr.  Wilsnxi's  experiments,  or  to  the  inferences  which  he 
deduced  from  (hem:  wu  can  only  observe,  that  most  of 
hii  exiK’iiments,  in  which  (he  model  t>f  the  bouse,  which 
ufs  passed  swiftly  under  (he  artiheial  cloud,  and  having 
annexed  to  it  either  the  pointed  or  blunt  conductors  at 
the  same  or  dilTerent  heights,  were  mtendc<l  to  show,  that 
pointed  conductori  are  struck  at  a gix*ater  distance,  and 
with  a higher elcsation,  than  (be  blunted  ones:  and  from 
all  his  experiments  made  with  p>>inted  and  rounded  con<> 
ductors,  provided  the  circum«tan«  es  he  tiie  same  in  both, 
he  infers,  that  the  rounded  nncf  are  much  the  safer  of 
the  two  i wbuher  the  lightning  proceeds  from  one  cloud 
or  from  Mverul;  that  th-isearo  still  safer  which  rise  little 
or  nothing  above  the  highest  part  of  the  building ; and 

* . that  this  safety  arises  from  the  greatest  rcsist4ince  e.xcrlcd 
at  the  larger  surface.  See  Philoi.  Trans,  for  1/78,  pa» 
232. 

The  committee  of  the  Royal  Society  however,  which 
was  composed  of  nine  of  the  most  distinguished  electri- 
cians^ the  kingdom,  and  to  whom  was  retern  d tbreon- 
sideratintv  of  the  most  effrctual  method  of  s<‘Cunng  the 
{lOwdcr-roagazines  at  Purfleet  against  the  effects  of  light- 
ning, express  their  uniti-d  opinion,  that  elevated  sliarp 
rods,  Constructed  and  disposed  in  the  mamier  which  they 
direct,  are  preterabie  to  low  conductors  tcrniiiiatcd  in 
rounded  e‘mls,  knobs,  nr  balls  of  metal ; and  {hat  the  ex* 
periments  and  reasonings,  made  and  alleged  to  (ho  con- 
trary by  Mr.  Wilsim,  arc  inconctusivo. 

Mr.  Nairne  also,  in  order  to  obviate  the  objections  of 
Mr.  Wiiwm  and  otUrra.  and  to  vindicate  the  preference 
* generally  given  to  high  and  pointed  conductors,  construc- 
ted a much  mure  simple  apparatus  than  that  of  Mr.  W||. 

* son.  with  which  he  made  a number  of  well-designed  and 
wi'll'ComlucitvJ  e.xperiments,  which  appear  to  prove  (he 
superiority  of  the  pointed  conductor  as  iar  as  it  is  capable 
of  b<'ing  proved  by  an  artificial  electrical  apparatus. 
From  tli«**-e  last  experiments  it  appears,  that  though  the 

* {Miint  was  struck  hy  means  of  a swift  rnnti<in  of  the  artifi- 
cial cl'Aid,  yet  a «mall  ball  of  3 tenths  of  an  Inch  dia- 
meter was  struck  further  off  than  iKe  point,  and  a larger 
ball  at  a much  greater  distance  than  cither,  even  with  the 
swiftest  motion.  Upon  (be  whole,  .Mr.  Nairne  st'cms  lo 
be  justified  in  preferring  elevated  puirtted  conductors;  next 
to  ibein,. those  that  are  pointed,  though  they  rise  but 
little  above  the  htghe»t  part  of  a building  ; and  after  them, 
those  that  are  (ermiimtcil  in  a ball,  and  placed  even  with 
the  highest  part  of  the  building.  See  I'liiltH.  'I'rans.  17/8»  • 
pa.  82.3. 

On  the  other  part,  Ur.  Musgrasr,  not  yet  satisfied, 
gave,  in  unolhf-r  paper,  being  **  Reasons  for  dissenting 
from  the  Report  of  tlie  Committee  appointed  to  consider 
of  Mr.  Wibbii*  r.ifperimeMisj  including  Remarks  on 
some  Rxpcrlinents  ^’xhihited  by  ,\lr.  Nainie which  is 
inserted,  by  inisinke,  before  Mr.  Naimc's  pkper,  being  at 
pa.  801  rd.rhevom*  volume, 

• And  uirtlur.  .Mr.  \Vils.m  1ms  another  paper,  on  the 
same  siitj«  ct,  ar  |»a.  of  the  s;imc  v'»|.  of  Philos.  Trans, 
for  1778,  ent*!led,  •*  N«  w hxprriments  ujxm  the  Leyden 
Phial,  respecting'  itie  i»  rminaiwn  of  conductors re- 
|Hatmg  and  asserting  bis  funnel  objections  and  rtasonings. 

In  the  Philos.  'J'rans.  too,  for  I77i)t 


liam  Swift  hns  a pa4>cr,  further  prosecuting  this  (ubject  ; 
making  various  experiments  with  simple  and  ingenious 
machinery,  with  models  of  houses  and  clouds,  and  with 
various  kinds  of  conductors.*  From  the  experiments  he 
infers  in  general,  that  **the  whole  cut  rent  of  these  experi- 
ments tends  to  vhow  the  preference  of  poinit  to  halls,  in 
order  to  diminish  and  draw  off  the  electric  matter  wlitni 
e.xcitcd,  or  to  prevent  it  from  accumulat^g;  and  conse- 
quently the  propriety  ofeven  necessity  of  terminating  all- 
conductors  with  p<»inu,  to  make  t*hcm  uscfful  to  prevau 
damage  to  buildings  from  lightiting.  Nay  the  very  con- 
struction of  uH  electrical  Dtaebines,  in  which  it  is  ne- 
ccsiary  to  round  all  the  parts,  and  to  avoid  making  edges 
and  points  which  would  hinder  the  matter  from  being  ex- 
cited, will,  I imagine,  on  reflection,  be  another  currubo- 
rating  proof  of  the  result  of  the  experiments  tlieiuiclvcs.*' 
* Theie  were  other  commuhicaliuns  made  to  the  Royal 
Sticirty  on  the  important  subject  of  conductors,  some  of 
which  were  ri'ceived,  and  others  rejccleil.  On  the  whole, 
this  contest  turned  out  one  of  the  must  extraurdinary  that 
ever  was  iigii.i(ed  in  tbe  Society  ; producing  tbc  most  re- 
markable disputes,  difference's,  and  strange  consequences, 
that  ever  the  SiKriely  experienced  since  it  had  existence  ; 
conM-fiueiices  which  manift'kted  tbrmselvi-s  in  various  in- 
stances for  many  years  after,  and  which  continue  to  this 
very  day.  All  which,  with  the  various  secri't  springs  and 
astonishing  intrigues,  may  .probably  be  given  to  the  public 
on  some  other  occasion. 

PoiXT,  in  Geometry,  according  to  ICuclid,  is  that 
which  has  no  pans,  or  i*  indivisible;  U'ing  void  of  all 
extension,  both  as  to  irtigih,  breadth,  and'chpih. 

This  is  what  is  otherwise  called  the  Mathematical 
Point,  being  the  inteneciion  of^wo  lines,  and  is  only  con- 
ceived by  the  iinaginatiun ; yet  it  is  in  this  tb&(  ail  mag- 
nitude iK'gms  and  ends;  the  extremes  of  u line  b«ing 
points;  the  extremes  of  a surface,  lines;  and  tho  ex- 
trenii's  of  a solid,  surfaces.  And  hence  some  define  a 
point,  the  inceptive  of  magnitude. 

ProporiioH  of  Mathematical  Points.  It  is  a popular 
maxim,  that  all 'infinites  are  equal;  yet  is  the  maxim 
false,  whetlior  of  quantities  infinitely  great,  or  infinitely 
little.  Dr.  lliilUy,  and  others  have  shown  that  there  arc 
infinite  quantities  which  arc  in  a finite  proportion  to  each 
other;  and  some  that  arc  infinitely  greater  than  others. 
Sit*  Infiisitx  iluajaity. 

And  the  same  is  shown  by  Mr.  Robarts,  of  infinitely 
small  quantities,  or  matbemaucai  Points,  lie  demoii- 
kSrates,  for  instance,  that  tbc  points  of  contact  between 
circles  and  their  langint!!,  ate  in  the  subduplicate  ratio 
of  the  diameters  of  the  circles;  that  the  point  of  contaat 
between  a sphere  and  a plane  is  infinitely  gn-ater  than  be- 
tween a circle  and  a line  ; and  (hat  the  points  of  contact 
ill  «piirroi>  of  dilferent  magnitudes,  are  to  each  other  as 
the  diamelers  of  the  spheres.  - Philos.  Trans,  vol.  27,  pa, 
470. 

Conjusfate  Point,  is  used  for  that  point  into  which  the 
conjugate  oyal,  belonging  to  some  kind  of  curvi's,  va- 
nishes. MKrlauriii's  Algebra,  pa.  308- 

Point  qf  Coutrary  bfe»uret  Ate.  Sec  Inflexion,  Rb- 

TROCRADATION  Of  Rf.T KOO R E681UN,  &C,  t»f  CUrveS. 

Points  <yf  the  Compws,  or  Horizon^  dec,  in  (»eogr«phy 
and  Navigation,  are  llie  points  ol  division  when  the hole 
circle,  quite  around,  i»  divided  into  32  equal  parts.  '1‘hese 
points  are  thert-Uire  at  (he  distance  of  the  3i!d  part  of  the 
circle,  or  I from  each  other ; hence  37'i  is  the 
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tUnance  of  the  half  points,*  and  2®  48'j  is  the  distance  of 
Ibf  quarter  points.  See  Compass.  Tht  principal  of 
the’e  are  theVour  cardinal  points,  east,  west,  north,  and 
soutu. 

Point  ifl  aUo  used  for  a cape  or  headland,  jutting  out 
into  the  sea. — The  seamen  say  two  points  of  land  are  dne 
in  another,  when  they  are  in  a right  line,  the  one  behind 
the  other. 

Point,  in  Optics.  As  the  . 

Point  of  Coaeourte  or  Ctmcurrencct  i»  that  in  which 
Converging  rays  and  is  usually  caDctf  focus. 

Point  of  Disptnion,  /ncidcncc,  R^ection,  Rrfraction, 
and  Radiant  Point.  bc<r  these  several  articles. 

Point,  in  Perspective,  is  a term  used  for  various  parts 
or  places,  with  regard  to  the  perspective  plane.  As,  the 

Point  (}f  Sifikt,  or  the  £^,  called  also  the  Priricipal 
Point,  is  the  point  on  a plane  where  a perpendicular  from 
the  eye  meets  it.  See  pRftsPKCTivB.  Some  authors, 
however,  hy  the  Point  of  Sight,  or  Vision,  mean  the  point 
where  the  eye  is  actually  placed,  and  whore  all  the  rays 
terminate.  Sec  Perspective.  , 

Point  <f  Z>ir/rrace,  is  a poyit  in  a horixontal  line,  at 
the  same  distance  from  the  principal  point  as  the  eye  is 
from  the  same.  See  Perspective. 


POLAR,  something  that  reiutes  to  iho  poles  *of  the 
world  : as  polar  virtue,  polsiT  U'ndency. 

• PulAR  CiVefes,  arc  two  circles  of  the  sphere,  or 

globe,  oiNj  about  each  pole,  and  at  the  same  dUlance  from 
it  as  is  equal  to  the  sun*i  gn'atest  declinatum  or  the  obli> 
quily  of  the  ecliptic  j that  is,  at  prisent  ‘ih*.— The 

space  included  wit^iin  each  polar  circle,  is  the  frigid 
zone;  and  to  every  part  of  this  space,  the  sun  never  sots 
at  some  time  of  the  year,  ami  nevvr  rises  at  itnulher  time  ; 
each  of  these  being  a longer  durali«>n  as  the  place  is 
nearer  the  pule.  • 

PofiAR  Z>ia/«,  are  such  as  have  their  planes  parallel  to 
some  grt>at  circle  passing  through  ihe  poles,  or  to  some 
one  of  the  hour-circles;  so  that  the  pole  is  milher  clt- 
vate<I  above  the  plane,  nor  depressed  below  ii.^'l  his  dial, 
therefore,  can  have  no  centre;  iind  ponsoquenlly  its  style, 
substyle,  nnd  hour-lines,  are  parallel — I his  will  there- 
fore be  an  horirontul  dial  to  tli<*»e  nho  livent  (he  equator. 

Polar  iVi^Vcrnwr,  is  a Tepresentatimi  of  the  earth,  or. 
heavens,  pfoJeettfA  on  the  plane  ot  one  of  the  }n>iHr  circles. 

Polar  arc  those  parts  of  the  earth  which  tie  ‘ 

near  the  north  and  south  poles. 

rOLAlUTY,  the  quality  of  a thing  having  poles,  or 
pointing  to,  or^  respecting  some  pole:  as  the  magnetic 


Third  Point,  is  a point  taken  at  discretion  in  the  line  ^m'cdlc,  &c.— By  heating  un  iron  bur,  and  letting  it  cool 


of  distance,  where  all  the  diagonals  meet  that  arc  drawn 
from  the  divisions  of  the  geometrical  plane. 

O^ectirc  Point,  is  a point  on  a geometrical  plane, 
whose  representation  on  the  penpcctive  plane  is  required. 

Accidental  Pointy  and  Visual  Point.  See  Accidental 
and  Visual.  , 

Point  of  PiVu?,  with  rogar^f  to  Building,  Paintiqg,  &c, 
is  a point  at  a certain  distance  from  a building,  or  other 
object,  where  the  eye  has  the  most  advantageous  view  or 
prospect  of  the  same.  And  this  point  is  usually  at  a di- 
stance equal  to  the  height  of  the  building. 

Point,  in  Physics,  is  the  smallest  or  least  sensible  ob- 
ject of  sight,  marked  with  a pen,  or  point  of  a compass, 
or  the  like.  This  is  popularly  calM  a Physibal  point, 
and  of  such  does  all  physical  magniiurre  consist. 

Point-Blanc,  Point-Hlanky  in  Gunnery,  denotes  the 
horizontal  or  level  position  of  a gun,  or  having  its  muzzle 


again  in  a vertical  position,  it  acquires  a pulurity,  or  mng- 
nclic’virtue  ; the  lower  end  beconiing  the  north  pule,  and 
the  upper  end  the  south  pule.  But  iron  bars  acquire  a 
polarity  by  barely  comiiming  a long  time  in  an  erect  posi- 
tion, even  without  heating  them.  1 bus,  the  upright  iron 
bars  of  some  windows,  Acc,  are  often  found  to  fiave  poles : 
Nay,  an  iron  rod  acquites  a polarity,  by  the  mere  holding 
it  erect;  ihe  lower  end,  in  thwt  case,  attracting  the  south 
end  of  a magnetic  needle  ; and  the  upper,  the  north  end. 
But  these  poles  are  mutable,  and  shilt  with  (he  bituation 
of  the  rod. — Some  modern  wriu-n,  ptiriicniarly  Dr. Hig- 
gins, in  his  Pliilusopbicai  Kssay  conceriiing  Light,  Inive 
namtained  the  polarity  of  the  paiisot  matter,  or  that 
their  simple  attractions  are  more  forcible  in  one  direction, 
or  axis  of  each  atom,  than  in  any  other.  * 

POLLS,  in  Astronomy,  the  cxtri'miries  of  the  axis  on 
which  the  whole  sphere  of  the  world  revolves;  or  ihe 


neither  elevated  nor  depressed.  And  the  point-blanc  points  on  the  surface  of  the  sphere  through  w hich  the  axis 
range,  is  the  distance  the  shot  goes,  before  it  strikes  the  passes.  These  arc  on  every  side  at  the  di>lance  of  a qua- 
level  ground,  when  discharged  m the  horizontal  or  point-  drant,  or  9^'^,  from  every  point  of  ilic.  equinoctial,  and 
blanc  direction*  Or  sometimes  this  means  the  distance  are  called,  by  way  of  etninrnc<',  the  poll's  of  the  world, 
the  ball  goes  horizontally  in  a straight-lined  direction.  That  which  is  visible  to'us  in  Europe,  or  raised  above  our 
POTNTING,  in  Artillery  and  Gunnery,  is  the  laying  a horizon,  is  called  the  .Arctic  or  North  Pole;  nmt  its  op- 
piece  of  ordnaif^c  in  any  proposi’d  direction,  either  hori-  posite  one,  the  Antarctic  or  South  Pole, 
zontal,  or  elevated,  or  dcpri'ssed,  to  any  angle.  This  is  Poles,  in  Geography,  are  the  cMremiticsofihe  earth's 
usually  effected  by  means  of  (he  gunner’s  quadrant,  which,  axis;  or  the  points  on  the  surface  of  the  earth  through 
being  applied  to,  nr  in,  the  muzzle  of  the  piece,  shows  by  which  the  axis  passes.  Of  which,  ihut  eU  vaUd  above 
a plummet  the  degree  of  elevation  or  depression.  our  horizon  is  called  the  Arctic  or  North  Pole  ; and  the 

Po  iNTiNO,  in  Navigation,  is  the.marking  on  the  chart  opposite  one,  the  Antarctic  dr  South, Pule« 
in  what  point,  or  place,  the  vessel  is.-*— This  is  done  by  In  consequence  of  (he  situation  of  the  poles,  with  the 
meftns  of  the  latitude  and  longitude,  after  these  are  known,  inclination  of  the  earth's  axis,  and  Us  parallehsin  during 
or  found  by  observatiem  or  compulation.  Thus,  draw  a the  annual  motibn  of  our  globe  round  the  sun,  the  poles 
line,  with  A pencil,  across  tlbc  chart  according,  to  ibe  lali-  have  only  one  day  nnd  one  night  throughout  the  year, 
lude  ; and  aiUTther  across  the  other  way  according  to  tho  each  being  half  a year  in  length.  And  because  of  the 
longitude;  then  the  intersection  of  these  twro  lines,  is  the  'obliquity  with  which  the  rays  of  the  sun  fall  upon  the 
point  or  place  on  the  chart  where  the  ship  Is;  wfiich  is  polar  regions,  and  the  great  length  of  the  night  in  the 
then  marked  black  with  a pen,  and  the  pencil  lines  rubbed  winter  season,  it  is  commonly  supposed  the  cold  is  so  m- 
oui.  From  the  point  or  place,  thus  found,  the  chart  rea-  * ttnse,  that  those  parts,  of  the  globe  which  be  near  the 
dily  shows  the  direct  dritADce  and  course  run,  as  also  that  poles  have  never  been  fully  explored,  though  the  attempt 
still  to  fun  to  the  iptcoded  port.  Arc.  has  bivn  repeatedly  made  by  the  most  celebrated  naviga- 
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ion.  >An<J  yet  Dr.  Ilallcjr  wa»  of  opinion^  that  the  soL 
»titiai  day,  at  the  poli%  is  hot  o»  ut  tho  equator  when 
the  »un  i«  in  ihi-  zeiiilh  ; uTcuusc  uU  the  *24  hourk  ot'  that 
day  iiridcr  the  p«  le  the  !>un>hcum»  are  inclined  to  the  huri- 
2un  in  un  angle  of  ‘23*’  38*;  whereas  at  the  equator, 
though  the'aun  U-Otum-s  \cnica),  yet  he  kbincs  no  more 
than  12  houi>,  being  abM'ut  llic  other  13  hourf:  and  be* 
kidei,  that  during  3 hour»  K iniiiufrs  of  the  ll3  hiiurs 
whirh  he  is  above  the  horizon  ihcrt,  he  is  not  so  much 
elevated  hi  at  the  ]>o^e.  llxpiTicncc  however  seems  to 
show  that  titis  i.piuh  n and  rt^asoriing  of  Dr.  llullcy  urc 
not  well  ruundetii'for  in  oH  the  pails  of  the  eaiUi  that 
we  know,  the  mfddie  of  summer  is  always  the  less  hut  the 
iHiihcr  the  place  is  from  the  equator,  or  the  nearer  it  is 
to  the  pole. 

'I'hc  great  olyect  for  whirh  navi^ntors  have  ventifrcd 
themselves  in  the  fresen  neas  about  the  north  pole,  was  to 
find  out  a more  ifuick  and  ready  passage  to  the  Taist  Indies,  . 
And  this  has  been  uitempied  tbrec  several  ways  : one  by 
coaMing  along  the  northern  parts  of  Vimpe  nnd  Asia, 
called  the  norih'east  passage;  another,  by  soiling  round  the 
northern  part  of  (he  Ainencao  Cuntmeni,  called  the  north' 
West  passage;  and  the  third,  by  sailing  directly  over  the 
pole  Itself.  ♦ 

The  possibility  of  succeeding  in  the  north-east  was  for  a 
long  time  believed  i and  in  the  last  century  many  navigu^ 
tors,  particularly  the  blollanders,  attempted  it  with  great 
fortitude  and  |»crscverance.  Hut  it  was  always  found  iin- 
pouibte  to  surmount  the  obstacles  which  nature  had 
thrown  in  the  way  ; and  subsequent  attempts  have  in  a 
manlier  demonstrated  the  imposiibiiity  of  ever  sailing  liSvt* 
ward  along  the  northern  coast  of  Asia.  'J'he  K'oaun  of  this 
impassibility  is,  that  in  propprtiun  to  the  extent  of  land, 
the  cold  is  always  greater  in  winter,  and  trice  trrta.  This 
is  the  case  even  in  temperate  cliroutes;  but  much  more  so 
in  tbosi;  frozen  regions  when  the  sun’s  inHuence,  even  in 
Summer,  is  but  small.  Hence,  as  the  continent  of  A^ia 
extends  a vast  way  from  west  to  east,  and  has  besides  the 
contineut  of  Eurojic  joined  to  it  on  the  west,  it  follows, 
that  about  tho  middle  part  of  that  tract  of  land  the  cold 
should  be  greater  than  any  wh^re  else.  Experience  has 
determined  this  to  be  fact ; and  it  now  appears,  that  about 
the  middle  of  the  northern  part  of  Asia,  the  ice  never 
thaws;  neither  have  even  the  hardy  Kussians  and  Sibe- 
rians theinselvi's  been  able  to  overcome  the  dithcuhies  they 
mtet  with  in  that  part  of  their  voyages. 

With  regard  to  the  north>wesi  passage,  Uie  same  difli- 
cultiei  occur  as  in  (he  other.  According  to  (’a|itain 
Cook's  voyage,  it  appears  that  iflberc  is  any  strait  which 
divides  the  continent  of  America  into  two,  it  roust  lie  in  a 
higher  latitude  than  70^,  and  coirveipjently  be  perpetually 
frozen  up.  And  tluqefore  if  a nortb*wi‘St  passage  can  be 
found,  it  roust  be  by  sailing  round  the  whole  American 
continent,  instead  of  sivking  a passage  through  it,  which 
some  have  supposed  tt>  exist  in  the  bottom  of  Baffin's  Bay. 
But  the  extent  of  the  American  coniineiu  to  the  north- 
ward Ik  ycl  uukrvow  n ; and  there  is  a possibility  of  its  being 
joined  to  that  part  of  Asia  between  the  Biasida  and  Chat- 
anga,  which  has  never  yet  l>cvn  circumnavigated.  Indeed 
,a  rumour  has  lately  gone  abroad  of  some  remarkable  inlet 
being  observed  on  the  western  coast  of  North  America, 
which  it  is  guessed  may  possibly  lead  to  some  communi- 
caiton  with  the  eastern  side,  by  the  lakes,  or  a passage 
into  Hudson’s  Bay:  but  ^erc  seems  little  or  no  probabi- 
lity of  any  success  this  way,  in  which  many  fruitless  at- 


tempts have  l>ecn  made  at  various  times.  It  remains  there- 
fore tci  convidar,  w hi  ther  there  is  any  probability  of  attain- 
ing the  wished-for  passage  by  sailing  direcHy  uorth,«lM:- 
iwi-eii  the  ca>tern  and  wi'stern  coniineii'ts. 

The  late  celebrated  mathematician,  Mr.  .^2acl^u^n,  wa<i 
to  fully  pervuadeit  of  the  practicability  of  passing  by  this 
way  to  the  South  and  Indian  seas,  that  he  useil  to  «ay,  if 
his  other  avoc.itions  would  ficrmit,  he. would  undertake 
the  voyage  of  trial,  even  at  his  own  expense..  The  prac- 
ticability of  this  uielbod,  which  would  lead  directly  to 
the  pole  ilscH\  has  also  been  ingeniously  supported  by 
Mr.  Dames  Burlington,  in  some  tracts  published  in  (be 
years  1775  and  177fi,  m consequence  of  the  unsucci-ssful 
attempt  made  by  captain  Bhipp<»  in  the  year  1773t  to  reach 
a higher  northern  latitude  than  SI*’.  Mr.  Barrington  in- 
stances a great  iiumbcr  of  navigators  who  have  reached 
very  high  northern  latitudes;  nay,  some  who  have  been 
at  the  |>ole  itself^  or  gone  U'yond  it.  From  all  winch  he 
concludes  that  jf  the  voyage  lie  altcmpteil  at  a proper 
time  of  the  year,  there  would  not  be  any  greab  difficulty 
in  ri'aching  the  pule.  Those  vast  pieces  of  ice  which  coni- 
'monly  obstruct  the  navigators,  he  thinks,  proceed  from 
the  moullis  of  the  great  Asiatic  rivers  which  run  north- 
ward into  the  froxen  ocean,  and  aic  driven  eastward  and 
westward  by  the  currents.  But,  though  wc  should  sup- 
}Ktsc  (hem  to  come  directly  from  the  pole,  still  our  auiliur 
thinks  that  this  adords  uii  undeniable  proof  that  the  pole 
it^-lf  is  fiee  from  icc  ; because,  when  the  pieces  leave  it, 
and  come  to  the  Southward,  it  is  impossible  that  they  can 
at  the  same  time  accumulate  at  the  pole. 

Tht  Aliitude  or  ElerfUim  qf  the  Polk,  is  an  arch  of  the 
meridian  intercepted  between  the*  pole  and  the  horizon  of 
any  plkce,  ami  is  equal  to  the  latitude  of  the  pface. 

To  obaive  the  Alt4tudiqf  the  Pole.  Witli  a quailrapt, 
observe  both  ilif  gwaicst  and  least  nu -ridiun  ultituiJc  of  the. 
pole-star.  Then  half  the  sum  of  the  twcraltitudrs,  will  be 
the  height  of  the  polo,  or  the  laliiqde  of  the  place ; and  half 
the  ditference  of  the  saini:  will  be  the  distance  of  the  star 
from  the  pole.  But,  for  accuracy,  the  obsi  rved  aliitudea 
should  he  corrected  on  account  ol  refraction,  iHrfore  their 
sum  or  difference  is  ^aken.  Sec  Refraction. 

Pole,  in  Spherics,  nr  (he  fiole  of  a great  circle,  is  n 
pidiil  on  the  sphere  equally  distant  from  every  part  of  the 
circumference  of  the  gnat  circle;  or  a point  iK>°  distant 
from  the  circumference  of  any  part  of  it.— -1  he  aeniib  and 
nadir  are  the  poU*s  of  the  horizon  ; and  the  poles  nf  the 
equator  are  the  same  with  those  of  the  sphere  or  globe. 

Poles,  in  Magnetism,  are  two  points  in  a loud»ione, 
corre»fK>nding  to  the  poles  of  the  world  ;^»e  pointing  to 
(he  north,  and  the  other  to  the  south.  If  the  stone  be 
broken  in  ever  so  many  pieces, *evcry’  fragment  will  still 
haye  its  two  poles.  And  if  a jnagnec  .be  bisected  by  a 
plane* perpendicular  to  the  axis;  the  (wo  points  belyrc 
joined  will  become  opposite  poles,  one  in  each  si-gnieiit. 
>-In  touching  a needle,  5fC,  with  a magnet,  that  part  in- 
tended for’  the  ntrth  cml  must  be  touchetl  with  the  south 
pole  of  the  ipagnet ; and  that  intended  for  the  south  end, 
with  the  mirili  pole;  fur  the  poles  of  the  necdld  bt  come 
contrary  to  those  of  the  raagm-t. — A pi»*cc  of  iron  ac<{uirc$ 
a polarity  by  only  holding  it  upright ; though  its  poKs  are 
nut  tjxed,  bq,t  shift,  and  ure  inverted  as  the  iron  is.  Fire 
destroys  all  fixed  .poles ; but  it  strengthens  the  muiablu 
-ones. 

Dr.  GilU'it  says,  (he  end  of  a rod  bi  ing  heated,  and  left 
to  cool  pointing  northward,  it  becomes  a fixed  north  pule ; 
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if  southward,  a fixed  south  f)ole.  When  the  end  U cooled 
while  held  downward,  it  acquires  rather  more  mugm'ti»in 
than  if  cooled  horixontally  towards  the  north.  But  the 
best  uoy  is  lu  cool  it  a little  inclined  to  the  north.  He- 
|)calin|{  the  opuraiioui  pf  heatmg  and  couluig  does  not  in> 
crease  (be  etlect.  * 

Ur.  Power  says,  If  a rod  be  held  northwords,  and  iho 
north  end  bv  hammered  in  that  position,  it  will  bccuroe  a 
fixed  north  polo  ; and  contrarily  if  (he  south  end  be  bum* 
mc;ed.  Tlie  heavier  the  blows  are,  cettens  panbus,  the 
stronger  will  the  magnetism  be;  and  a few  hard  blows  have 
as  much  effect  as  a great  number.  And  what  is  said  of 
hammcnr\g,  is  to  be  likewise  understood  of  filing,  grind* 
ing,  sawing,  &c;  nay,  a gentle  rubbing,  wiieo  long  con* 
tinued,  will  produce  pole-. 

Old  punches  and  drills  have  all  fixed  north  poles;  be- 
cause they  arr  almost  conslaniiy  used  downwards.  New 
drills  have  cither  mutable  poles,  or  we^ak  north  ones. 
Drilling  with  such  a one  southward  horizontally,  it  is  a 
chance  if  you  produce  u fixed  south  polo;  much  Icsa  if 
you  drill  south  downwards ; but  by  drilling  south  up- 
wards, you  always  make  a fixed  south  pole.  Mr.  Ballard 
says,  that  in  6'  or  7 drills,  made  in  his  pre»chce,  the  bit 
of  each  hecame  a noitli  pole,  merely  by  hardening— A 
weak  fixed  )>ole  may  drgencrala  into  a mutable  one  in  u 
^ duy,  or  even  in  a few  mrnules,  by  holding  it  in  a position 
contiaiy  to  its  pole.  The  loadstone  lUidl  will  not  make  a 
fixed  pole  in  every  piece  of  iron  : if  (he  iron  be  thick,  it 
is  accessary  that  it  l ave  some  cohsideiabic  length. 

PoLC  rif  a til  Optics,  is  (be  tbiclu-sl  part  of  a 

convex  glass,  or  the  ihinn^i  part  ut  a concave  one;  being 
the  same  as  wliul  is  uiIutwisc  called  ibc  vertex  of  the  glass; 
and  which,  when  truly  ground, *is  exactly  in  the  middle 
of  its  kurtucc. 

Putr.,  or  lioJf  in  Surse^iiig,  is  a lineal  mcap>urc  con- 
taining 6)  yards,  or  lfi|  feet. — The  st{uare  of  it  is  called 
a square  pole;  but  more  usually  a perch,  or  a rod. 

Pulx-Stau,  is  a star  of  the  2d  magnitude  near  the 
north  pole,  in  the  end  of  the  tail  of  ursa  minor,  or  the 
Lillie  Bear.  Its  mean  place  in  the  heavens  for  the  begin- 
ning of  IfilO,  was  as  follows : viz, 

J3®  3(T  15" 
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The  proximity  of  this  star  to  the  pole,  on  which  account 
it  is  always  above  the  buriiton  in  these  northern  latitude's, 
make*- it  very  useful  in  navigation,  &c,  forddermininglhc 
meridian' line,  the  elevation  of  the  pole,  and  consequently 
the  U(itudc*uf  (he  place,  &c. 

POLKMObCOPK,  in  Optics,  an  oblique  kind  of  pro* 
speclive  glass,  contrived  for  (he  seeing  of  objects  (bat  do 
oot  lie  directly  before  the  eye.  It  was  invi  iilcd  ly  Heve- 
lius,  in  l()37.  SreOvcRA  Olau. 

POLl  I ICAL  .4r/Ma«eric,  the  application  of  aiithmclical 
colcuUdons  to  political  uses  and  subjects;  such  ns  (he 
public  revcnuis,  the  number  of  people,  (he  ixUnt  and 
v.iluc  of  lands,  (axes,  (rude,  commerce,  or  whatever  te* 
lau*s  to  the  power,  strength,  riches,  jvc,  of  a nation  or 
comimmwealib.  Or,  as  Davinani  conchcly  defines  it,  the 
art  of  n n-oniiig  by  figurrs,  upon  things  relating  to  govTrn- 
meiit.  1 l;e  chief  authors  wbo  have  attempted  calculations 
of  (Ilia  kirn),  are,  bir  William  Petty,  Major  Giuunt,  Dr. 
Hailey,  Di.  Diivenant,  Mr.  King,  Dr.  Price,  .M.  Kerse* 
Iroom,  and  M.  de  Parcieux. 

VoT.  II. 


Sir  William  Petty,  among  many  other  articles,  statrt 
that,  in  bis  lime,  (he  people  in  England  were  about  6 
luiilions,  and  their  annual  expense  about  7/.  each  ; that 
the  reiK  of  the  lands  was  about  8 milliont,  and  the  inter- 
ests and  profits  of  the  personal  estates  as  much  ; that  the 
rent  of  the  houses  in  England  was  4 millions,  and  the 
piofits  of  the  labour  of  all  the  people  26  iniUiom  yearly  ; 
that  the  corn  UH'd  in  England,  at  Sa,  (be  buvhcl  forwheat, 
and  2z.  fid.  for  barley,  amounts  to  U)  inillionipcr  annum  ; 
that  the  navy  of  Engloiul  required  3fi,0C0  men  to  man  it, 
and  the  trade  and  other  shipping  about  48,000;  that  the 
whole  number  of  people  in  England,  Scotland,  and  Ire- 
land, together,  were  abont  9 millions  and  is  half;  and 
those  in  France  about  13  railiioiis  and  a half ; and  in  the 
whole  wuild  about  35U  millions  ; also  that  the  vsholecash 
of  England,  in  current  money,  was  then  about  fi  millions 
sterling.  Sec  bis  Political  Arith.  p.  74,  &c. 

Dr.  Uavcnaul  gives  some  good  reasons  why  many  of 
Sir  W.  Petty's  numbers  arc  not  to  be  entirely  depended 
oil ; and  advances  others  of  his  own,  founded  on  the  ob* 
lervtlions  of  Mr.  Greg.  King.  Some  of  the  partiefilaxv 
are,  that  the  land  of  England  is  39  milUuot  of  acres;  that 
the  number  of  people  in  loindoii  was  about  530,000,  and 
ill  all  England  five  millions  and  a half,  increasing  90OO 
annually,  or  about  the  fiOOlb  part ; the  yearly  rrni  of  (he 
lands  10  millions,  and  that  of  the  houses  2 millions;  the 
prmluce  of  all  kinds  of  grain  9 millions.  Daveuani’s 
Essay  on  the  probable  methods,  6tc,  in  his  works,  vol.  fi. 

Major  Gniuot,  in  his  observations  on  the  bills  of  mor* 
tality,  computes,  that  there  are  39*^^^  square  miles  of 
land  in  England,  or  35  inilliun  acres  in  England  and 
Wales,  and  4,fi00,0<X)  pertoiu.  making  about  5 acnt^aiid 
a half  to  each  person  ; that  the  people  of  London  were 
640,000;  and  states  (he  several  numbers  of  persons  living 
at  the  dinttcDl  agts. 

Sir  William  Petty,  in  his  diKoursc  about  duplicate  pm* , 
portion,  futlher  states,  that  it  is  found  by  expiMiencc, 
ibat  (here  are  iqore  persons  living  between  Ui  and  SO  than 
of  any  other  age  ; and  from  thence  he  infers,  that  tho 
square  roots  of  every  number  of  men's  ages  under  l6, 
whose  root  is  4,  show  the  proportion  of  the  probability  of 
such  persons  reaching  the  age  of«70  years  : thus,  the  pro- 
bability of  reaching  tljat  age  by  persons  of  U«u 
ages  of  ifi,  P,  4,  and  1, 
arras  4,3.2,  I,  rcspcctivefy. 

Alio  that  the  probabilities  of  their  order  of  dying,  at  ages 
above  that,  arc  as  the  square  roots  of  (he  ages:  thus,  the 
probabilities  of  the  order  ol  dying  first, 

of  tbc  ages  ifi,  25,  3fi,  fico, 
arc  as  the  roots  4,  5,  fi,  fee. 

that  is,  the  odds  arc  5 to  4 that  a |>crson  of  dies  before 
one  of  16,  and  so  on,  declining  up  to  70  years  of  age. 

Dr.  Halley  has  made  u very  exact  estimation  of  the  dc* 
grees  of  niortnlity  of  mankind,  from  a curious  table  of  the 
iiirllis  and  burials,  at  the  city  of  Breslau,  inSikwia;  with 
an  attempt  to  ascertain  tbc  price  of  annuities  upon  live*, 
and  many  other  curious  particult^rs.  Sec  the  Philos*  Frans, 
vol.  17.  pa.  596.  Another  tabic  of  ibis  kind  is  given  by 
Simpson,  lor  the  city  of  I/jndoii , and  several  by  Price, 
Morgan  and  Baily,  for  many  ddFcrcnl  placed. 

Mr.  Kemboom,  of  Holland,  has  many  and  ennou^ 
calcululious  and  toblvs  of  llie  same  Cind.  Lroin  his  ob- 
servations on  the  birilis  of  the  people  in  V.ogland,  il  ap- 
pears, (bat  the  number  of  males  bom,  iv  in  proportion  to 
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Annual  variut.  in  ditto 
Declination 
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that  of  the  females,  as  18  to  17 » and  that  of  the  inhabi- 
taiila  living  in  ilulland  ure  in  the  same  proportion. 

Dr.  Urackcnriil^e  has  given  an.  estimate  uf  ikc  number 
of  people  in  Knglaiid,  formed  both  I'rum  the  number  of 
houses,  and  also  froro  the  quantity  of  bread  consumed. 
Oil  the  former  principle,  he  finds  the  number  of  house's 
'in  Knglund  and  Wales  to  be  nbout  900,000;  and,  allour- 
ing  6 persons  to  each  house,  the  number  of  |HHipic  near 
5 millions  and  a half.  And  on  the  latter  pniiciple,  rsli* 
joating  the  quantity  of  corn  consumed  at  home  at  2 mil- 
lions of  quarters,  and  3 persons  to  every  quarter  of  corn, 
makes  the  number  of  people  6'  millions.  Sec  Philos.  Trans. 
Vol.  49*  att.  43  and  113. 

Dr.  Dcrham,  from  a great  number  of  registers  of  places, 
finds  the  proportions  of  tbe  marri.iges  to  the  births  and 
burials;  and  Dr.  Price  has  done  the  same  for  still  more 
places  ; the  mediums  of  ail  which  ate, 

Miiriaget  to 
Binh*,  us 

Dr.  Derham  - - 1 to  47 

• Dr.  Price  • • I to  3 9 

See  Philos.  Trans.  No.  480  ; abo  Dr.  Price's  Obscr\a- 
tions  on  Reversionary  Payments  ; and  the  articles  of  this 
Dictionary,  Expectation  qf  LiPE-/fnnai/M'r,  Mor- 
tality, Population,  Ate. 

POLLUX,  in  Astronomy,  the  hind  twin,  or  the  poste- 
rior part  of  tho  constellation  Gemini. 

Pollux  is  also  a hxed  star  of  the  second  magnitude,  in 
tho  constellation  Gemini,  or  the  Twins.  See  Castor  and 
Pollux t also  Gr..^iKt. 

l*OLY  ACOUS  l ies,  instruments  contrived  to  multiply 
sounds,  as  polyscopes  or  multiplying  glasses  do  the  images 
of  objeebs. 

POLYKDRON.  See  Polyhedron. 

POLYGON,  in  Geometry,  a figure  many' sides ; and 
.consequently  of  many  angles  also  ; for  e>-cry  figure  has  us* 
many  sides  as  angles.  If  the  angU*s  be  ull  equal  among 
themselves,  the  polygon  is  said  to  be  a icgulnr  one  : other- 
wise, it  is  irregular.  Polygons  also  take  particular  iiuiiu-s 
according  to  the  number  of  their  sides;  thus  a Polygon  of 

3 sides  is  called  a trigon, 

4 sides  - a tetragon, 

6 sides  - a pentagon,. 

6 sides  - a hexagon,  Acc; 

and*R  circle'may  be  considered  as  a polygon  of  an  infinite 
number  of  small  »ides,  or  as  the  limit  of  the  ^volygons. 

Polygons  have  various  propiTiics,  as  below ; 

1.  Every  polygon  n>ay  be  divided  into  as  many  triangles 
as  it  hath  sides. 

2.  The  angles  of  any  polygon  taken  together,  make 
twice  as  many  right  angles,  wanting  4,  as  the  figure  Imib 
sides.  I bus,  if  the  polygon  has  5 sides  ; the  double  of 
that  is  10,  from  which  subtracting  4,  leaves  6'  right  an- 
gle',  or  540  degrees,  which  is  the  sum  of  the  5 angles  of 
the  pentagon.  And  this  prop<'iiy,  os  well  ns  the  former, 
belongs  to  both  regular  ami  irregular  polygons. 

3.  Every  regular  polygon  may  be  either  inscribed  in  a 
circle,  or  described  about>it.  But  not  so  of  tiu;  irregular 
ones,  except  the  triangle,  and  another  particular  case  as 
in  tly  followipg  property  : AnequibitemI  figure  inscribed 
in  a circle,  is  always  equiangular. — But  an  equiangular 
figure  inset ilKd  in  n.cirrK*  is  nut  always  pquilateral,  but 
only  when  the  number  of  sides  is  mhl.  Fof  if  the  sides  bt* 
of  on  Wen  number,  then  they  may  either  be  all  rquab;  or 
else  halfuf  them  may  be  equal,  and  the  other  half  equal 


to  each  other,  but  different  from  the  former  half,  the  equals 
being  placed  alternau-ly. 

4.  Every  pfdygon,  circumscribed  about  c circle,  is 
equal  to  a right-angled  triangle,  nf  whieh  one  leg  is  tbc 
radius  of  the  circle,  and  tbc  other  the  perimeter  or  sum  of 
all  the  sides  of  the  polygon.  Or  the  jmlygon  is  equal  iQhalf 
the  rectangle  under  its  {wrimeter  and  the  radius  of  its  in- 
scribed circle,  or  the  perpendicular  from  its  centre  upon 
one  side  of  the  polygon.  Hriicc,  the  area  of  a circle  In'ing 
less  than  that  of  its  circumscribing  polygon,  and  greater 
than  that  of  its  inscribed  om^,  tbc  circle  is  ihe  limit  uf  the 
inscribed  aiiil  circumscribed  polygons : in  4iko  manner 
the  circumference  of  the  circle  is  the  limit  between  tbe 
perimeters  of  the  syid  [lolyguns;  consequently  the  circle 
is  equal  to  a right-angled  triangle,  having  otu.-  leg  equal  to 
the  radius,  and  tbe  other  leg  equal  to  the  circumfeidncc  ; 
and  therefore  its  ami  is  found  by  multiplying  half  the 
circuinfereiice  by  half  the  diameter.  In  like  mamior,  the 
area  of  any  polygon  is  found  by  multipUins  half  itt  peri- 
meter by  the  perpendicular  dcmiited  from  the  centre  upon 
one  side. 

5.  In  nvy  Mensuration,  pa.  15  Arc,  is  given  the  geomc- 
iriciil  construcliuQ  of  several  polygrms;  by  which  it  ap- 
pears that,  as  the  regular  trigon,  sijuare,  and  pentagon, 
can  be  inscribed  gromctrically  in  a circle;  nnd  as  an  arc 
may  be  alwoys  bisected  gt'oriKtrically;  therefore  any 
polygon  whose  iiumljcrs  of  sidi-s  is  expressed  by  2",  3.2", 
or  5.2",  may  be  inscribi'd  in  a given  circle  by  the  scale 
and  compai»es  only.  And  it  has  lately  been  show  n that 
a polygon,  ihe  number  of  whc>se  sides  is  a prime  nurqbcr 
of  the  form  2"  -»•  1,  may  also  l|g  inscribed  ger^inetiicully 
in  a circle,  a problem  (hat  was  f.tr  from  being  thought  p'>v. 
sibie,  tin  M.  Gauss  published  his  celebrated  work  i-utitlcd 
Disquisitioncs  Arithmetical,  in  which  ho  has  given  a com- 
plete solution  of  this  pmblem ; it  is  however  too  complex 
to  introduce  in  this  place,  and  litilcsuited  to  practical  pur- 
poM’s.  See  Prime  Ncmbch. 

6.  But  though  wc  cannut  inscribe  geometrically  any 
n*gular  polygon  whatever  in  a circle,  we  haven  practical 
method  of  |Nrrforming  it,  by  means  of  the  known  measure 
of  the  alights,  some  c.xatnpies  of  which  may  be  seen  in  the 
following  table,  which  exhibits  the  iqest  remarkable  par- 
ticulars in  all  the  polygons,  up  tn  the  dodecagon  of  12 
sides ; viir,  the  angle  at  tbe  centre  AUB.  (he  angle  of  the 
polygon  c or  CAB  or  double  of  OA  n,  nnd  the  area  of  the 
polygon  when  each  side  am  is  l..(bec  the  following  figure.) 


No.  of 
•idfS.  < 

Ntlti«  nf 

; 

Aitg.  o. 
tt  ernt. 

Aiic.  c.  a(  1 
lK>f)g{>n. 

1 

A(fs.' 

t 

3 

Trigon 

120  1 

1 60 

tr4:i30I27 

4 

Tetragon  i 

*)•> 

yo 

1()00<K)00 

5 

Pentagon 

108 

17204774 

6 

Hexagon 

60 

120 

' 2-5986702 

7 

Heptagon 

5I| 

128)  i 

i 3 6339124 

8 

Octagon 

45 

135  ! 

43284271 

9 

Nunagon 

40  ; 

140 

' 0-I8IS242 

10 

Decagon 

36 

' 244  ! 

(•6912088 

1 1 

Undecagon 

37A; 

147tV 

9'3656:i.99 

12 

1 Dodccairon 

30  1 

^ 150 

1 1-19()I524 

By  means  nf  the  numbers  in  this  table,  any  polygons 
may  be  constructed,  or  their  areas  found  : thus,  (l>t)  To 
inscrihe  a Pofygfm  tn  a girea  Circle.  At  the  centre  make 
the  angle  o equal  to  the  angle  at  tbe  centre  of  the  pro- 


Digitized  by 


POL 


POL 


L 3 


pocod  pntygon,  fuand  in  riie  3d  column  of  the  tsble,  the 
it'Ki  cutting  the  circle  in  a aud  a ; and  join  a and  a which 
will  be  one  side  of  the  |K>lygon.  Then  take  a a bi-tween 
the  compas«c9i  and  ap^ly  it  continually  round  liic  circum- 
prrence,  to  complete  the' polygon. 

(2d)  Upon  tht  sfifen  Line  a a to  dnerihe  a reg«/«r 
Polygon.  From  the  extremities  draw  the  two  lines  ao  and 
BO,  making  the  angIcn-A  and  b 'each  equal  to  half  the 
angle  of  the  polygon,  found  in  the  4th  column  of  the  tabic, 
and  their  intersection  o wilt  be  the  centre  of  the  circurn* 
scriliod  circle:  then  apply  ab  continually  round  the  cir> 
cumferenoe  as  before. 

(3d)  To  dttcribe  a Polygon  about  agiten  CiVc/e.— ’At  the 
centre  o make  the  angle  of  the  centre 
as  ill  the  1st  art.  its  legs  cutting  the 
circle  in  a and  6:  join  and  pa- 
rallel to  it  dniw  A a to  touch  the 
circle:  and  meeting  pa  and  copro- 
duced in  A and  a:  with  the  radius 
OA,  or  OD,  describe  a circle,  and 
armnd  its  circumiVrcncc  apply  con- 
linaally  a a,  which  will  complete  the  jiolygon  as  before^ 

(4tb)  To  find  llte  Area  qf  any  res^lar  polygon — Multiply 
the  square  of  its  side  by  the  tabular  area,  found  on  the 
liiK*  of  its  flume  in  the  last  column  of  the  lable,  and  tlie 
product  will  be  the  area.  Thus,  to  find  the  aix'a  of  the 
tngon,  or  equilateral  triangle,  whose  aide  is  20.  ‘Ihe 
W{uare  of  20  being  400  multiply  the  tubular  area '4330127 
by  400,  and  the  product  173*20508  wiH  be  the  area. 

7.  There  arc  also  several  curious  algebraical  theorems 
for  inscribing  polygons  in  circles,  or  finding  the  chord  of 
any  proposed  purl  of  the  circumference,  which  is  the  same 
as  angular  sections.  These  kinds  of  sections,  or  parts  and 
multiples  of  arcs,  were  first  treated  of  by  Vietu,  as  shown 
iif  the  Introduction  to  my  Log.  pa.  9,  and  since  pursued 
by  several  other  mathematicians,  in  whose  works  they  arc 
usually  to  be  found* 

PuLYOox,  in  Fortification,  denotes  the  figure  or  |>cri- 
meter  of  a fortress,  or  fortified  place.  This  is  cither  Kx- 
terinr  or  Interior. 

Exterior  Polygux  is  ibe  perimeter  or  figure  formed  by 
lines  connecting  the  points  of  the  bastions  to  obc  another, 
quite  round  tlie  work.  And 

Interior  PoLYOOH.  is  the  perimeter  or  figure  formed  by 
lini-s  connecting  the  centres  of  ihe  bastions,  quite  around. 

Line  q/'PoLYCoNA,  is  a line  on  some  sectors,  contain- 
ing the  homologous  sides  of  the  first  nine  regular  polygons 
•inscribed  in  the  same  circle;  vis,  from  on  equilateral  in* 
angle  to  a dodecagon. 

polygonal  Sumbertf  are  \lic  continual  nr  succes* 
five  sums  of  numbers  in  arithmetical  progression,  l>egin- 
ning  at  1, and  regularly  increasing;  being  called  polygo- 
nals,  because  the  number  of  points  in  them  may  be  ar- 
ranged in  the  form  of  tbu  several  polygonal  figures  in  geo- 
metry, as  is  illustrated  under  the  article  Figl'eate  Aron- 
ben;  which  sec. 

'I'he  several  kinds  of  polygonal  numbers,  viz,  tlic  tri- 
angles, squares,  pentagons,  bezagons,  Arc,  are  formed 
from  the  addition  of  the  terms  of  the  arithmetical  scrim, 
having  respectively  tbeir  common  difference  1,  2,  3,  e, 

; vi/,  if  the  common  differqoce  of  the  arithmeiicaU  be 
1,  (he  sums  of  their  terms  will  form  (be  triangles  ; if  2, 
the  squires;  if  3,  the  pentagons;  if  4,  the  hexagons,  &c. 
Thus ; 


( Arith.  Progret.  1,2,3,  4,  S,  6,  7. 
(Triang.  Nos.  I , 3.  6,  10,  15,  21,  28. 

5 Arith.  Progtes.  1,3,5,  7.  9,11,13. 
(Square  Nuii.bcm  1 , 4,  .9,  16,  25,  36,  4p. 
f Anih..Progres.  1^4,  7,  10,  13,  16,  19. 

(Pentagonal  Nos.  I,  5,12,  22,  35,  51  , 70. 
f Arith.  Progrw.  1,  5,  9**3  , 17,  21, ,25. 
(Hexagonal  Nos.  1 , 6,15,  28,  45,  66*, '91. 

The  Side  of  a polygonal  number  is  the  number  of  points 
in  each  side  of  tbc  polygonal  figure  when  the  points  in  the 
number  are  ranged  in  that  foiiu.  And  this  i>  also  the 
same  as  tbc  number  of  terms  ot  theeritbnu-tirub  that  are 


added  together  in  composing  the  |»  ilygonal  numU  r. 

The  AngU$f  or  Numbers  of  \ngli»,  are  ibe  :>umc  us 
those  of  the  figure  from  which  the  number  lakes  its  name. 
So  the  angles  of*  the  triangular  numbers  are  3,  of  the 
square  ones  4,  of  the  pentagonals  5,  of  the  hcxagtmals  6', 
and  so  on.  Hence,  the  angles  are  2 i^ore  than  tlie  com- 
mon difference  of  the  arithmetical  scries  from  which  any 
rank  of  polygunaU  is  formed : so  the  arithmetical  SitIcs 
has  for  its  common  difference  tbc  number  1 or  2* or  3 Arc 
as  folluw!(,  viz,  1 in  tbc  triangles,  2 In  the  squaresf  3 In 
the  pentagon;,,  &c;  and,  in  grnurai,  if  a be  the  number  of 
angles  in  the  polygon,  ibcn  « — 2 is  s d the  common  dif- 
ference of  the  ariibuieiical  series,  or  d -i>  2 = e the  num- 
ber of  angles.  * 


Pro  a.  1.  To  jiind  any  > Polygonal  ffumher  prqporrd; 
having  given  its  side  n and  angles  a.  The  polygonal 
number  bring  evidently  the  sum  of  the  arithmetical  pro- 
gression whoso  nutqbcr  of  terms  is  n and  common  dif- 
lerence  a 2;  and  the  sum  of  an  arithmetical  progres- 
sion being  equal  to  half  the  product  of  tbc  cxtri'mes  by 
the  number  of  terms,  the  extremes  being  1 aud  1 li 
(a  — ])  = 1 -I-  (a  — 2)  . (n  I) ; therefore  (hat  num- 
ber, or  this  sum,  will  be 


n’d-wfd-a)  _ - «)  - — 4^  , , 

^ or , where  d is  the  com- 

mon diflcrcncc  of  the  arithmclicals  that  form  (he  poly- 
gonal number,  and  it  always  2 less  than  the  number  of 
angles  a. 

Hence,  for  the  several  kinds  of  polygons,  any  particular 
number  whose  side  is  u,  will  be  found  from  either  of  these 
two  furmulm,  by  using  fur  d its  values  I,  2,  3,  4,  Ac ; 
which  gives  these  following  formulae  fur  tbu  polygonal 
number  in  each  sort,  viz,  the 


Triangular 

- »("*  + »). 

Square 

- 4(2n*  - 0»)  = 

Pentagonal 

- i(3»*  - »), 

Hexagonal 

. }(4»’  - an). 

Hcptagona! 

- 1(5.' -3n). 

mgonal 

- l[(w- 2)ii*  - (« 

Prob.2.  To  find  Sum  of  any  Number  ^ Polygonal 

Numhere  qf  any  order.^Xj^  x.  the  angles  of  the  polygon  l>o 
a,  or  the  common  difference  of  (hr  arithmclicals  that  form 
the  pulygunais,  d;  and  u the  number  of  trimsrn  the  poly- 
gonal series,  whose  sum  is  sought : then  is 

— l)d«  •+■  l)nor  l{a‘—  l).(a  - 2)n  -o{(»  1)» 

the  sura  of  the  a terms  souglii. 

Hence,  substituting  successively  the  numbers  1,  2,  .3,  4, 
Ac,  for  d,  thert'  is  obtained  the  loilowing  purticubir  caves, 
or  formula,  for  the  sumk  of  n terms  of  tbc  several  ranks 
of  polygonal  numbers,  viz,  the  sum  of  the 
2 L 2 
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&c,  which  may  be  iUusirated  as  foiiow&: 
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. Figure. 
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by  as  many  points,  as  there  are  actually  in  the  diagonals 
and  the  two  Etdes  produced. 

This  rule  is  general,  from  the  triangle  up  to  the  polygon 
of  an  indnite  number  of  sides. 

Fennai  discovered  a very  curious  and  general  property 
of  polygonal  numbers,  which  istius?  That  every  number 
is  the  Hum  of  uue,  two,  or  three  triangular  numbers ; the 
sum  of  ofU',  two,  lhrt'e,.or  four  squares;  the  sum  of  one, 
two,  three,  four,  or  five  pentagonal  numbers ; and  so  on ; 
that  is  generally : If  la  denote  any  order  of  polygonal 
numbers,  then  ai\y  number  whatcvei  may  be  resolved  into 
m polygonal  numben  of  this  order,  or  a less  number. 

'Fhis  curious  property  has  not  however  Uvn  demon* 
sfrated,  except  for  the  eases  of  triangles  and  squarri,  the 
other  caKS  seeming  to  bid  defiance  to  the  efforts  of  those 
mathematicians  who  have  attempted  them.  A demou* 
^ stration  for  the  squares  may  be  seen  in  Leybourn’s  Mathe- 
matical Kepository;  and  !br  both  the  squares  and  trian* 
***  ’*  glos,  in  Legendre’s  Kssai  sur  la  Theoiic  des  Nombres. 

POLYGONOMFTUV,  the  science  and  principles  of 
polygons.  For  which,  see  roy  Course  uf  Maihcmutics, 
last  volume. 

POLYGRAM,  in  Geometry,  a figure  consisting  of  mliny 
lines. 

POLYHEDRON,  or  Potvr.DROK,  a body  or  solid 
contained  by  many  rectilinear  planes  or  sides.  When  the 
* sides  of  the  potyhedron.are  regular  polygons,  all  similar 

and  etjual,  then  the  pidyhedron  beromes  a ri'gular  body,  • 
and  muy  be  inscribed  in  a sphere;  that  is,  a >pberc  may 
bc*  described  abotit  it,  so  that  its  surface  slialt  touch  all 
t the  angles  or  corners  ofi  the  solid.  There  are  but  five  of 
these  regular  bodies,  vis,  thetetraedron,  the  hcxaedroii  or 
4 cube,  the  octaedmn,  the  dodecaedron,  and  the  icosaedrun. 
See  Kkoular  Body,  and  each  of  those  five  bodies  seve- 
ral^, 

GnoiNonieal  Polthedron,  is  a stone  with  several  facAr. 
on  which  are  projected  various  kinds  of  dials.  Of  this 
sort,  that  in  thcTrivy-gardeii,  l»uduii,  now  gone  to  ruin, 
was  esteemed  the  finest  in  the  world. 

PoLYiiBDROK,  in  Oplics.  See  PoLYarore. 

POLYIIEDUOUS  Figure,  in  Geometry,  a solid  rnn- 
tained  under  many  side*  or  planes.  Si*e  Holtiiedros. 

/ POLYNOMIAL,  in  Algebra.a  quantity  of  many  names 

f / or  terms,  and  is  otherwise  called  a Multinomial.  As 
f o -*■  — 2c  4d,  &c.  See  Mvltikosiml. 

^ ^ POLYOPTRUM,  in  Optics,  a glass  through  which  ob* 

\ f jccts.appear  multiplietl.  but  diminished.  Thisdiffir-rs  both 
•V  in  structure  and  phenomena  from  the  common  multiply- 
ing glasses  called  polyhedra  or  polyscopes, 
ed  by  To  construct  the  Pofyoptnm. — From  a glass  a b, plane  on 
both  sides,  and  about  3 fingers  thick,  cut  out  spherical 
small  segments,  scarce  a 6tb  part  of  a digit  in  diameter. — If 
or  6)  I then  the  glass  be  removed  to  such  a distance  from  the  eye. 


And  thus  may  any  polygonal  number  be  represented  by  To  construct  the  Pofyt^rum. — From  a glass  a b, plane  on 
points  in  the  figure  whose  name  it  b-ars.  both  sides,  and  about  3 fingers  thick,  cut  out  spherical 

Thus,  in  the  above  figures,  begin  with  drawing  a small  segments,  scarce  a 6tb  part  of  a digit  in  diameter. — If 
polygon  that  has  the  number  of  sides  required  (as  5 or  tf)  j then  the  glass  be  removed  to  such  a distance  from  the  eye, 
this  number  remains  constant  for  one  and  the  same  series  that  you  can  take  in  all  the  cavities  at  one  view,  you  will 
of  polygon  numbers,  and  is  always  I'qual  to  2 plus  the  see  Ibc  same  object,  as  if  through  so  many  several  con- 
difleronce  of  the  arithroeiical  progression  from  which  the  cave  glasses  as  there  arc  cavities,  and  all  exceeding  small, 
series  Is  produced. ' Then  choose  one  of  its  angl^,  in  or-  .—Fit  this,  as  an  object-glass,  in  a tube 
dor  to  draw  from  the  angular  point  all  the  diagonals  of  abcp,  whose  apertorcAB  rs  equal  to  the  « 

this  po!yg«>n,  which,  with  the  two  sidescontaining  the  angle  diameter  of  the  glass,  and  thcutbercpis 
that  has  been  taken,  are  to  be  indefinitely  produced  ; caual  to  that  of  an  eye-glass,  as  for  in*  / 

after  that  has  been  done,  take  these  two  sides,  and  the  dia-  sAnce  about  a fingers  breadth.  The 
gonnls  of  the  first  polygon  on  the  indefinite  lines,  each  as  length  of  the  lube  ac  isto  be  accomme- 
often  as  you  cboosQ;  and  draw,  from  the  corresponding  dated  to  the  object-glass  and  rye-glasa,bv 


points  marktd  by  the  Compaq's,  lines  parallel  to  the  first  trial.  In  CD  fit  a convex  eye-glass,  or  in  itsstrad  a meniscus 
polygon;  and  divide  them  into  as  many  equal  parts,  or  having  the  distance  of  its  principal  focus  a little  larger  than 
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the  Wn^th  the  tulw  ; bo  that  the  point  from  which  iltc 
■rays  diverge  alter  refraction  in  the  ohjectftlais,  may  be  m 
the  fi>€us.  If  ihfii  the  ey^  be  applied  near  the  eye^glius, 
A .single  object  Mill  be  seen  repeated  as  often  as  there  are 
cavides  in  (he  object-glass,  but  »till  liimimshed. 

POLYSCOl'K.,  or  PoLTiitDEoa,  in  Opticf,  is  a mul- 
tiplying glass,  being  a*  glass  or  lem  which  represents  a 
single  object  to  the  eye  as  if  it  were  many.  It  consists  of 
Bcveral  plane  surfaces,  disposed  into  a cons'cx  form, 
through  every  one  of  which  the  object  is  seen. 

Phenomfua  <if  the  Volytcope.^l.  If  several  rays,  as  cr, 
an,  CD,  full  parallid  on  the 
surface  of  a polyscope, 
they  Will  coniibue  parallel 
alter  refraction,  if  then 
the  polyscope  be  supposed 
regular,  lii,  ilt.iM  will  be 
as  tangents  cutting  the 
sphericul  convex  lens  in  r, 

B,  und  n ; and  consequently,  rays  falling  on  the  points'  hf 
contact,  intersect  the  axis.  Therefore,  since  the  rest  arc 
parallfl  to  these,  they  will  also  mutually  intersect  each 
other  in  g.— Hence,  if  the  eye  be  placed  where  parallel 
ruvs  di'CUssate,  rays  of  the  same  object  will  be  propagated 
to' it  still  parallel  from  the  several  sides  of  the  glass. 
Therefore,  the  crysinllita*  humour,  by  its  convexity, 
unites  parallel  rays,  the  rays  will  be  united  in  as  many 
different  points  ol  the  retina,  a,  6,  c,  as  the  glass  has  sides. 
Cousequently  the  rye,  through  a |>oiyscopc,  sees  the  object 
^‘{irated  as  many  times  as  there  are  sides.  And^bciicc, 
since  rays  coming  from  very  remote  objects  arc  parallel, 
a remote  object  is  seen  through  a polyscope  us  often  re- 
|K^ated  as  that  has  sides. 

2.  Il  rays  ah,  ac,  ad,  coming  from  a rudiant  point  a 
fall  on  several  sides  j. 

of  a regular  poly- 
scope; after  refrac- 
tion they  will  de- 
cussate in  G,  wnd 
proceed  on  a little 
di  verging.-^  Henr**, 
if  the  eye  be  placed 
where  tli^  rays  decussate  after  coming  from  the  several 
planes,  the  ra\s  will  be  propagaletl  to  it  ftoro  the  several 
planes  a little  diverging,  or  as  if  they  proceeded  from 
diiferent  points.  Hut  since  the  crystalline  iiiimour,  by  its 
convexity,  collects  rays  from  several  points  into.tiii*  same 
point ; the  rays  will  l>e  united  m as  muuy  different  points 
of  the  retina,  a,  b,  c,  as  the  glass  has  sides;  and  conse- 
quently the  eye,  laung  placed  m the  focus  g,  will  see  even 
a near  object  through  the  polyscope  as  often  repealed  as 
that  has  sides. 

Thus  may  the  imagt^s  of  obj^ts  be  multiplied  iii  a ca- 
mera obscura,  by  placing  a polyscope  at  its  aperture,  and 
adding  a Convex  lens  at  a due  distance  from  it.  And  it 
makes  a very  pleasant  appearance,  if  a prism  be  applied 
so  (hat  the  coloured  rays  of  the  sun  refracted  from  it  be 
received  on  the  polyscope:  for  by  this  means  they  will  be 
thrown  on  a paper  or  wall  near  at  band  in  little  lucid 
specks,  much  exceeding  the  brightnese  of  any  precious 
Slone  ; and*  in  the  focus  of  the  polyscope,  where  the  rays 
decussate  (lor  m this  experiment  they  arc  received  on  the 
convex  side),  will  be  a star  of  surprising  Ipsire. 

Fartlier,  if  images  be  painted  in  water-colours  in  the 
arcvloi  or  little  squares  ol  a polyscope,  and  tba  glass  be 


applied  to  the  aperture  of  a camera  obscura  ; the  sun’s 
rays,  passing  through  it,  will  carry  with  them  the  images, 
and  project  them  on  the  opposite  wall. — This  artiticc  hi-ars 
a resemblance  to  that  other,  by  which  an  image  on  papers 
is  projected  on  the  camera ; viz,  by  wctling  the  paper 
with  oil,  and  straining  it  tight  in  a frame;  then  applying 
it  to  the  aperture  of  the  camera  obscura,  so  that  tn«  ray* 
of  a candle  may  pass  through  it  upon  the  polyscope.  • 

To  make  an  AnamorphoiU^  or  Drformed  Jma^Ct  u'hick. 
*fiaU  appear  regular  and  beauttfui  through  a Polyscope,  or 
Multiplying  67ojs.— At  one  end  of  a horizontal,  table  erect 
another  perpendicularly,  on  which  a figure  may  be  de- 
signed ; and  on  ibe  other  end  erect  another,  to  serve  as  a 
fulcAim  or  support,  moveable  on  the  horizontal  one.  To 
the  fulcrum  apply  a plano-convex  polyscope,  coniisting, 
for  example,  of  24  plane  triangles;  and  let  the  polyscope 
be  fitted  in  a draw-tube,  of  which  that  end  towards  the 
eye  may  have  only  a very  small  aperture,  and  a little  ftfr- 
tber  off  than  the  focus.  Ilemove  the  fulcrum  from  the 
other  perpendicular  table,  till  it  be  out  of  the  distance  of 
the  focus  ; and  the  more  so,  as  the  image  is  to  ha  greater. 
Before  (he  Ijttle  aperture  place  a lump  ; and  trace  the  lu- 
minous oreoke  projected  Irom  the  sides  of  the  polyscope^ 
with  a black  lead  pencil,  on  the  vertical  plane,  ora  paper 
applied  upon  it. 

Ill  the  several  aren):r,  design  (he  different  parts  of  an 
image,  in  such  a manner  as  that,  when  joined  together, 
they  may  make  one  w hole,  looking  every  now  gnd  then 
through  the  tube  to  guide  and  correct  the  colours,  und  to 
see  that  the  several  paits  match  and  fit  well  together.  As 
to  the  intermediate  space,  it  may  be  filled  up  with  aay 
figures  or  designs  at  pleasure,  contriving  it  so,  as  that  to 
the  linked  eye  the  whole  may  exhibit  some  appearance 
very  diiferent  from  that  intended  to  appear  through  (he  po- 
lyncupe.*— The  rye, now  looking  through  the  small  aperture 
of  the  tube,  will  see  the  several  parts  and  members  dis- 
persed among  (he  areolm  to  exhibit  one  continued  image, 
all  the  intermediate  parts  disappearing.  Sec  As'ASiua- 
piioais, 

POLYSPASTON,  in  Mechanics,  a machine  so  called 
by  Vitruvius,  consisting  of  an  assemblage  of  si'vcral  pul- 
leys, UKal  for  raising  heavy  weights. 

■ PONTON,  or  PoMTOOx,  a kind  of  flat-bottomed  boat, 
whose  carcase  of  wood  is  lined  wiUiin  and  without  with 
tin.  Some  nations  lino  them  on  the  outside  only,  and  that 
with  plates  of  copper,  which  is  belter.  Our  pontoons  arc 
21  feet  long,  nearly  5 feet  brcuul,  and  2 feet  1}  inch  deep 
within.  They  are  carried  along  with  an  army  upon  car- 
riages, to  make  temporary  .bridges,  called  ponloon-bi  idges. 

PuKTOOX-Brid'ge,  a bridge  made  of  pontoons  siip;ied 
into  the  water,  and  moored  by  anchors  and  otherwise 
fastened  together  by  ropes,  at  small  distances  Irom  one 
another  ; then  covered  by  beams  of  timber  passing  over 
them  ; upan  which  is  laid  a flooring  of  boards.  Hy  this 
means,  w liole  armies  of  infantry,  cavalry,  and  aililUry  are 
quickly  passed  over  rivers. — For  want  of  pontoons,  die, 
bridges  ate  sometimtii  formed  of  empty  powder-cusks,  or 
powder-barrels,  which  support  the  beams  an«l  flt>oring. 
Julius  Cesar  and  Aulus  Geilius  both  Airntion  pontoons 
(iMMUones);  but  theirs  were  no  more  than  a kind  ol  square 
fiat  Vessels,  proper  for  carrying  over  horse,  dec. 

PONT-Volaxt,  or  Flying-bridge,  is  unkind  of  bridge 
used  ill  sieges,  for  surprising  a post  or  outwork  that  has  but 
narrow  moats.  U is  made  of  two  small  bridges  laid  over 
each  other,  and  so  contrived  that,  by  means  of  cords  ami 
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pulley*  placed  along  the  sides  of  the  under  bridge,  the 
upp<rr  may  be  pushed  forwmd>,  liU  it  join  the  place 
where  it  is  desi<;ncd  to  be  lived.  'I'be  whole  Icttgth  of  b(nh 
•ought  not  to  U*  above  5 futhorns,  lest  it  should  bn*ak  with 
the  weight  of  tlic  men, 

POPUL.^TION  of  the  /rorW.— From  Le  Sage’s  Alla*, 
IS14,  isiu 


M.nicwk 

Europe 

- 

170 

Asia 

- 

.'tbO 

Africa 

. 

90 

America,  North 

. . 

30 

— South 

. 

20 

The  Oceanic  Islands 

•» 

20 

Total  population  of  the  globe 

- 

710 

PORCH,  in  Architi*ciurr,  a kind  of  vestibule  supported 
by  columns : much  UH'd  at  the  entrance  of  the  ancient 
(ehapk*s,  balls,  churches,  «Scc.  Such  is  that  bi'fore  the 
do6r  ol  St.  Paul’s,  Covent  Garden. 

When  a porch  bad  four  columns  in  front,  it  was  called 
a tetra»ty]c  ; when  six,  hexastyle ; when  eight,  octwityle, 
&c.  S«^  Tetraaijfley  \c. 

POKES,  arc  the  smalt  interstices  luitwcen  the  particles 
of  matter  which  compose  bodies;  and  are  either  empty,  or 
filled  with  some  insemible  medium.—- Cundensatiuii  and 
rarefaction  arc  only  performed  by  chisiiig  and  o}>ening  the 
pores.  Also  the  transparency  of  b«>dies  is  suppoK'd  to 
arise  fr^m  their  pores  being  directly  opposite  to  one  ano> 
thcr.  And  the  matter  of  in««in>ihle  pernpirntiun  is  cun-‘ 
veyed  through  the  pores  of  the  culis.— Mr.  Boyle  has  a 
particular  essay  on  the  porosity  of  bodicN  in  which  he 
proves  that  the  most  solid  bodies  have  some  kind  of  pores  : 
and  indeed  if  they  bad  not,  all  bodies  would  be  alike  spe- 
cidcally  heavy. 

Sir  Isa.ic  Newton  shows,  that  bmiies  are  much  more  rare 
and  porous  than  is  commonly  believed.  Water,  for  ex- 
ample, is  19  times  lighter  and  rarer  than  gold  ; and  gold 
itudf  is  su  rare,  as  very  resdily,  and  without  lha  least  u)>- 
position,  to  transmit  magnetic  effluvia,  and  easily  to  admit 
even  quicksilver  into  its  pores,  and  to  let  water  passthrough 
it : for  a concave  sphere  of  gold  hath,  when  filled  with 
water,  and  soklercd  up,  upon  pressing  it  with  a great  force, 
suffered  the  water  to  squcvzt'  through  it,  and  stand  all  over 
its  outside,  in  multitudes  of  small  drops  like  dew,  without 
bursting  or  cracking  the  gold.  Whence  it  may  be  con- 
cluded, that  gold  has  more  pores  than  solid  parts,  and  con- 
sequently that  water  has  above  40  times  more  (vore*  than 
parts.  Hence  it  is  that  the  magnetic  effluvia  passes 
freely  through  all  cold  bodies  that  are  not  magnetic  > and 
that  the  rays  of  light  pass,  in  right  lines,  to  the  greatest 
distances  through  pellucid  bodies. 

* POKIME,  Poriwa,  in  Geometry,  a kind  of  easy  lemma, 
or  theorem  so  easily  deinunstraUHl,  that  it  is  alnn^vt  self- 
evident  ; such,  for  example,  as  that  a chord*  is  wholly 
within  the  circle.— Porinic  stands  op|msed  to  aportme, 
which  denotes  a proposition  so  difficuii,  as  to  bi'  almost 
impossible  to  be  demonstrated,  prcA'ccted.  Such  as  the 
quadrjtufv>  of  the  ctrefe,  <iec. 

POKIS.M,  Porivna,  in  Geometry,  has  by  stmic  bi'cn 
defined  a general  theorem,  or  canon,  deduced  from  a geo- 
raeihcal  h»cus,andM.Tving  for  ihcsolutlon  of  other  general 
and  difficult  pt^hleins.  Proclus  derives  the  word  from 
the  Greek I eatabUihy  and  conclude  from  some- 
thing already  dune  and  demonstrated:  and  accordingly 
he  detines  porisma  a theorem  (|rawi)  occasionally  from 


some  other  theorem  already  proved:  in  wiffeb  (ense  it 
agrees  with  what  is  otherwise  called  corollary,  and  was* 
much  used  os  such  even  by  the  geometers  two  or  three 
centuries  ago. 

Pappus  sa)**,  A porisra  is  that  in  which  something  was 
proposed  to  be  investigated,  or  something  between  a the- 
orem and  a problem.  Others  derive  it  from  apa$- 

lagr,  and  make  it  of  the  nature  of  a Icmmo,  or  a pro- 
position necessary  for  passing  to  unuiher  more  important 
one. 

But  Dr.  Simson,  rejecting  the  accounts  that  have 
been  given  oj  a jmrism,  dc6m  s it  a proposition,  either  in 
the  form  of  a problem  or  a theorem,  in  which  it  is  pro- 
posed cither  to  investigato,  or  demonstrate.  And  Mr. 
Playfair  says,  A porism  isnothingelse  than  that  panicular 
case,  when  the  data  of  a problem  are  so  related  to  one 
Hnother  as  to  render  it  indefinite,  or  capable  of  iiiiiumer- 
abie  solutions.  Edinburgh  Philos.  Trans,  vol.  1,  pa.  (K). 

Euclid  wrote  three  books  of  porisms,  Ixdng  u curious 
cMleriioti  of  various  things  relating  to  the  analysis  of 
the  mote  difhciilt  and  general  problems.  I'hosc  books 
however  are  lent;  and  nothing  remains  it)  the  works ot 
the  aticient  geometricians  concerning  this  subject,  besides 
what  Pappus  has  preserved,  in  a very  imperfect  ami  oh- 
scuie  slate,  in  h^s  .Mathematical  O>lieciiotis,  via,  in  the 
introduction  to  the  7th  book. 

Several  attempts  have  been  made  to  restore  ihc-se  wrilinga 
in  sonic-  degree.  besid«*s  that  which  Pappus  loti  upon 
the  sut’ji-ci.  'i  hui,  Fermat  has  given  a few  propositions  • 
of  ihis^ind  ; which  are  to  be  found  in  the  collectiun  of 
hts  works,  in  folio,  1679,  pa.  1 16.  Tht*  like  was  done  by 
Bulliald,  in  bis  K.xcrcitaiiom'S  Geometrical,  4to,  l6o7. 
Dr.  Robert  Simson  gave  also  a vpi'cimen,  in  two  propo- 
sitions, in  the  Philos.  Truns.  vol.  pa.  ;jdO;  and  besid<‘s 
left  behind  him  a considerable  trralisu  on  ibesubjvHTt  of 
purisms,  which  bus  been  printed  in  an  edition  of  his  works, 
at  the  expense  of  the  earl  of  Stanhope,  in  4to,  1776";  an 
Enginh  translation  of  a part  of  which  was  published  by 
Mr.  Lawson  in  the  year  following. 

The  whole  thrue  brinks  of  Euclid  were  also  restored  by 
that  ingenious  nuithcNiatician  Albert  Girard,  as  appears 
by  two  notices  that  he  gave,  first  in  his  Tt)«onomt-lry, 
printed  in  French,  at  the  Hague,  in  10'29,  andalso  in  his 
edition  of  tbo  works  of  Stevinus,  printed  at  Leyden  in 
l6ff4,  pa.  4.^9  f hut  whether  his  imention  of  publishing 
them  was  ever  carried  into  execution,  i have  not  been  able 
to  learn.  ■ 

A learned  paper  on  the  subject  of  porisms,  by  the  very 
ingenious  professor  Playfair,  was  inserted  in  theffd  volume 
of  the  Transactions  of  the  Royal  Society  of  Edinburgh. 
And  as  this  paper  conioins  a number  of  curious  observa- 
tions on  the  gi'ometry  of  the  ancients  in  general,  ns  well  as 
forms  a complete  treatise  as  it  were  on  porisra  in  particu- 
lar, a pretty  convidcrablc  abstract  of  it  camioi  but  ba 
deemed  in  this  place  v-ery  useful  and  important. 

**  'Ilie  restoration  of  the  undent  bwks  of  gcometrY 
(says  the  lea rne<f  professor)  would  have  been  im]>o»iible, 
without  the  coincidence  of  two  circumstances,  of  which, 
though  the  one  is  purely  accidental,  the  other  is  essentially 
connected  with  the  nature  of  the  mathematical  sciences. 
The  flrst  of  these  circumstances  is  the  prcMTvation  of  a 
short  abstract  of  those  blanks,  drawn  up  by  Pappus  Alcx- 
andriiius,  together  with  a virk**  of  such  lemmata,  as  he 
judged  useful  lo  facilitate  the  study  of  them.  ‘I’he  second 
if,  the  necessary  connection  that  takes  place  among  tb« 
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objects  of  ev^ry  mathematical  work,  which,  hy  oxclu- 
dirlg  whatever  is  arbitrary,  mako»  it  possible  to  drtcrmtnc 
the  whole  course  of  an  investigution,  when  only  a few 
points  in  it  arc  known.  Tnim  the  union  of thcac  circum- 
stances, mathematics  has  rnjoyid  an  advantage  of  which 
jio  oihiT  branch  of  knowledge  can  partake;  and  while 
the  critic  or  the  historian  has  only  been  able  to  lament 
the  fate  of  those  Inioks  of  Livy  and  Tacitus  which  aie 
lost,  the  ge<imetcr  has  had  the  high  satisfaction  to  Kdiold 
the  works  of  Luciul  and  ArioMonius  reviving  under  bis 
hands.  ^ 

“ The  first  restorers  of  the  ancient  books  were  not,, 
however,  oware  of  the  full  extent  of  the  work  which  they 
had  undertaken.  They  thought  it  sufficient  to  dcmimstrale 
the  [iroposilions,  which  they  knew  fix»m  Piippus,  to  liave 
been  coniairu-d  in  those  books;  butlhey  did  not  follow 
the  ancient  method  of  investigation,  and  fi  w of  them  ap- 
pear to  have  had  any  id^-a  of  the  elegant  and  simple  ana- 
lysis by  which  iliese  propoiiiiions  weie  origronlly  discover- 
ed, and  by  which  the  Greek  geometry  was  peculiarly  dis- 
tinguished. 

“ Among  these  few,  Fermat  and  IJalley  arc  to  be  par- 
ticularly remarked.  Tbc  former,  one  of  the  greatest  ina- 
themuticians  of  the  last  age,  and  a man  in  all  respects  of 
superior  abilities,  had  very  just  notions  of  the  geometrical 
analysis,  and  appears  often  abmidantiy  'skilful  in  the  use 
of  It ; yet  in  his  restoration  of  the  Loci  Flaiii,  it  is  remark- 
able, that  in  the  most  Uiflinilt  pn  positions,  he  lays  aside 
the  analytical  method,  and  coiilents  himself  with  giving 
the  synthetical  demonstration.  The  latter,  among  the  great 
number  and  variety  of  his  literary  occupations,  l«iund 
lime  for  k m<ist  attentive  study  of  the  ancient  nmthema- 
ticians,  and  was  an  instance  of,  what  experiena*  shows 
to  be  much  rarer  than  miglit  be  expected,  a man  equally 
wall  acquainted  with  the  ancient  and  the  nunlern  geome- 
try, and  equally  disposed  to  do  justice  to  the  im  nt  of 
both.  He  rcsi<irctl  the  books  of  .Apollonius,  on  the  pro- 
blem De  Sectionc  Spatii,  according  the  true  principles 
of  the  ancient  analysis. 

**  These  books  however  are  but  short,  so  timt  the  first 
restoration  of  considerable  extent  that  can  be  reckoned 
complete,  is  that  of  the  l^i  PUnI  by  Dr.  Simson,  pub- 
lished in  1749;  which,  if  it  differs  at  all  from  the  work 
it  is  intended  to  replace,  seems  to  do  so  only  by  its  greater 
e.xcellencp.  'Hils  mtich  at  least  it  certain, ‘that  the  me- 
thod of  thi^ancieni  geometers  does  not  appear  to  greater 
advantage  in  the  most  entire  of  their  wniini:?,  than  in  the 
restoraiinn  above  mentioned  ; and  that  l)r.  Simson  bus 
often  sacrificed  the  elegance  to  which  bis  own  anal)’sis 
vroidd  have  led,  in  order  to  tread  more  exactly  in  what 
the  lemmata  of  Pappus  pointed  out  to  him,  as  the  track 
which  Afiollunius  hail  pursued. 

**  There  was  another  subject,  that  of  porisms,  the  most 
intricate  and  enigmatical  of  any  thing  in  the  ancient  gei>- 
roetry,  which  was  still  reserved  to  exercise  the  nenius 
of  Dr.  Simson,  and  to  call  forth  that  enlhusiaslic*admi- 
ration  of  antiquif^**  and  that  unwearied  perseverance  in 
research;  for  which  he  was  so  peculiarly  distinguished. 

A treatise  in  three  books,  which  Luclid  haif  composed  on 
porisro',  wax  lost,  and  all  that  remained  concerning  them 
was  an  abstract  of  that  tiVatise,  inserted  by  Pappus 
Alexandriniis  in  his  Mathematical  Collections,  in  which, 
had  it  been  entire,  tbe  gcf«metcrs  of  later  times  woulil 
doubtless  have  found  wherewithal  to  console  ihcmwlvea 
for  the*  loss  of  the  original  work.  But  unfortunately  it  has 


suffered  80  much  from  the  injOries  of  time,  that  all  which 
wo  can  immediately  learn  from  it  is,  that  the  nncimis 
put  a high  value  on  the  propositions  which  they  called 
pon&ms,  and  regarded  them  as  a very  important  part  cf 
thf  Ir  an;il\-sis.  '1  he  ptiriMns  of  Kudid  are  said  to  be, 
**  Collcctioarlifieiosissima  mtdtarum  n ruin  qua;  speclant 
ad  |imly>in  difliciliuiiim  a gem  ialium  prohl.  matum.’ 
1 he  curiosity,  howeu  r,  which  iscxciled  by  ihiv  Micomitim 
IS  quickly  di^ppoinu  d;  for  when  Pappus  proceeds  to  ex- 
piujii  what  a purism  is,  he  h^v-vdown  tW*o  definiiions  of  it, 
one  of  which  is  rejected  by  him  ai  impeibct,  while  tbc 
Other,  wbitli  is  sialeil  as  correct,  is  too  \ague  uml  indefi- 
iiile  to  convey  any  usidul  infuimuticn. 

'riiesc  defects  migl.l  nevcrilielcsv  have  been  supplied, 
if  lU  nimninition  winch  )ic  of  I ucIhI’s  pro- 

|ii»Tlioii»  hill  bitn  cnlitc;  but  on  account  of  the  ixlu  me 
brcvii}-  of  his  enunciations,  »nd  their  rcfricncc  to  n diti- 
pram  which  is  lost,  and  for  the  coiistructinp  of  which  no 
directions  arc  piven,  they  are  all,  except  one,  licitcclly 
tinmicllipihlo.  For  th«e  reasons,  the  Irapment  in  ques- 
lion  is  w.  obscure,  that  even  to  the  learning  and  ftei)cira< 
lion  ol  Dr.  Il.il|ey  it  seemed  in.pussihle  that  it  could  ever 
he  explullied  ; and  he  ihenfore  colicluued,  after  giving 
the  Greek  text  with  all  pussihle  correcincss,  and  adding 
the  Uiin  translation,  ‘ ilarlenus  I’orismalum  descriplio 
nec  mihi  iiilrllecia,  net-  lectori  proluluia.  Neque  oilier 
fieri  poluil,  tnni  oh  delectuni  schemiiiis  cujusTit  nienlio, 
qiiani  oh  oniissa  qiiirilnm  < t iians(>osiia,  vel  abler  vjuata 
ill  propositionis  pciieialis  exposilionc,  unde  quid  sihi  velit 
l’ii|ipua  baud  niihi  datum  esi  conjieen!.  His  adde  dictio- 
ois  nioduin  niniis  contiuetuni,  uc  in  rc  dilficili,  oualis 
hu'c  est,  mininie  usurpanilunt.’ 

It  is  true,  however,  that  befme  this  lime,  Fermat 
had  alt.  lupied  to  explain  the  nature  of  porisms,  arid  not 
aliopetln  r without  sucecM.  Guiding  his  conjectures  by 
the  oefiniiion  which  Fapjiiii  censures  ns  im|isifect,  be- 
cause  it  lU  fined  poiisms  only  ‘ ab  accidenle,'  vi,,  ‘ poris- 
nm  est  quod  deficit  hypolhesi  a Thcorcmalc  l.ocali,'  he 
formed  to  hims.  If  a tolerably  just  notion  of  these  propo- 
sitions, anil  illiistrated  his  general  description  hy  ex- 
amples that  are  in  effect  porisms.  But  he  seas  able  to 
]iruceed  no  farther ; nod  he  neither  proved,  that  his  no- 
tion of  a potisra  was  ilie  same  with  Fuclid’s,  nor  at- 
tempted to  ristore,  or  explain  any  one  of  Kuclid’s  propo- 
sitions ; much  Irss  did  he  suppose,  that  they  were  to  lie 
investigated  by  an  analysis  peculiar  to  themselves.  And 
so  imperfect  indeed  was  ijiis'altempt,  that  the  complete 
restoration  of  the  porisms  was  necessary  to  prove,  that 
Fermat  bad  even  approxiniulcd  to  the  truth. 

“ All  this  did  not  howeeer  deter  Ur.  Simson  front 
turning  his  thoughts  lo  Ihe  same  subject,  which  he  appears 
to  have  done  very  early,  and  long  before  the  publication 
of  the  laici  Plant  in  17*4.0. 

“ The  account  he  giVr-s  of  his  progress,  and  of  the  ob- 
slaclcs  he  encountered,  will  be  always  inleiesiing  to  ma- 
thrmaticianv.  ■ Poslqimm  vero  apud  Pappum  legeram,, 
ponvniaiK  Kiiclidis  colirclionein  luisic  anificiosivsimam " 
miiliatuin  rerum,  quae  spcctaiit  ad  analysin  rfifliciliorum 
el  gcneralium  prohicmaturn,  mapno  desiderio  tenebar,* 
aliquid  de  iiv  cogiiosccndi ; quare  sirpius  ct  muliis  virriiw. 
qtic  viis  linn  Pappi  proposiiioiiem  generalem,  niancaiu 
ct  imperfectant,  turn  primum  lib.  i. 

“ * Porisma,  qttod  solum  ex  omnibus  in  Iribus  libris  in-  ■ 
tegrum  ndbuc  jnanet,  intclligere  ct  rrsiiluere  ennabar; 
frusira  lamen,  nihil  enim  pruficiebam.  Cumquc  cogita- 
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liones  tie  hac  rc  roultum  luibi  tcni|K>ns  confturop&criiit, 
alquu  moU-sto:  atimudum  cvubcriiil,  liruiilcr  aniinum  in« 

b®c  nunqunm  in  postcrum  invistigare ; pneicilim 
cum  4iptiaiu:i  groiiictra  llulleius  spem  umiietn  tie  iii  m* 
tcllj;:t*ntJu  abjt  ch>sct.  Unde  quolits  memi  occum  bAiit, 
luiu'9  vA%  arct  bam.  Fo»lea  tuiuen  uccidit,  ut  improvidum 
cl  propu»iti  imihtmorem  invuscriiit,  meque  decinucrint 
diiMCC  umiem  hix  qua-’dain  efluiscril,  qii®  s]^m  Aiiiii 
fueiebai  invciiitiiUi  »altein  Pnppi  propu^jlionem  gchcr«- 
)pm,  quam  quuiMn  inuh^ iiive^tigatiune  tantieni  reMitui. 
H<cc  autem  |mulo  pnsl  vma  cum  PoriHDatc  prinio 
lib.  i.  iinpre»iia  e»t  iiiterTran9ac(ionci>  Phil,  anni 
imm  177/ 

“ Tbc  proposiiiuiis  incntloru'd,  a$  in<>cilcd  in  ibo  Plii- 
lust»pbical  Traii!>aciioiis  for  arcali  that  Dr.  Siimon 
publiilied  on  ibc subject  of  pomins  during  his  lifr,  though 
be  continued  his  iavesugatiuns  concerning  them,  and  suc- 
ceeded in  restoring  a great  number  of  l-'.iiclid's  proposi- 
tions,, together  wiiii  their  analysis.  'Jlic  propusitiuns 
thus  restored  form  a part  of  that  valuable  edition  of  the 
pt»sthumous  works  of  this  geometer  winch  flic  matbeina* 
tical  world  owes  to  the  muniticcnce  of  the  lute  carl 
Stanhope. 

'*  The  subject  of  porisms  is  not  however  exhausted, 
uor  is  it  yet  placed  in  so  clear  a light  us  to  tax'd  no  fur- 
Utcr  illuHtmtion.  It  yet  remains  to  enquire  into  the  pro- 
habit!  origh)  of  these  propusitiuns,  that  is  to  &ay,  into  tlie 
steps  by  which  the  ajicicnl  gt'onieiars  appear  to  have  been 
led  to  the  di^cov^^y  of  them. 

**  It  remains  also  to  point  out  the  relations  in  winch 
they  stand  to  the  other  classes  of  geometrical  truths;  to 
consider  the  specie*  of  analysis,  whether  gt-umetrical  or 
dgcbraical,  that  liclungs  to  them:  luid,  if  possible,  to 
u»»igtr  the  reason  why  they  have  so  long  escaped  the  no* 
lice  of  modern  inatbeinaiicans.  It  is  to  these  poinU  that 
the  following  observations  »rc  chiedy  directed. 

I bi'gin  with  dt^cribtng  the  Veps  that  appear  to  have 
led  the  ancient  giomciers  to  the  discovery  of  porisms; 
and  must  here  supply  the  want  of  exprt***  testimony 
by  probable  reasonings,  such  as  arc  neccMary,  whenever 
we  would  trace  remote  discovx*ries  to  ihcir  sources,  and 
which  have  mote  weight  in  malhemalics  than  in  any  other 
of  tbc  sciences. 

**  It  cannot  be  doubted,  that  it  has  been  the  solution 
of  problems,  which,  in  all  states  of  the  mathematical 
sciences,  has  ted  to  the  discovery  of  most  geometrical 
truths.  The  lirsl  mathematical  enquiries,  in  particular, 
must  have  occurred  in  the  form  of  questions,  where  some- 
thing was  given,  and  somelbtng  required  to  he  done;  and 
by  the  reasonings  necessary  to  answer  these  quoliuns,  or 
to  diKovtr  the  relation  between  the  things  that  were  given 
and  those  tliat  weie  to  be  found,  many  truths  were  sug- 
gested, which  came  aUerwurds  to  be  the  subjects  of  sepa- 
rate demonstration.  The  number  of  these  wus  the  greater, 
as  the  ancient  geometers  always  undertook  the  imlution 
of  problems  with  a scrupulous  and  minute  attetuion,  whiclt 
'would  scarcely  suffer  any  of  the  collateral  truths  to  escape 
Uieir  observation.  e know  from  the  examples  which 
4hcy  have  left  Us,  tiial  they  never  considered  a problem  as 
resolved,  till  they  bad  distinguished  all  its  vanetief,  and 
evolved  st'puraicly  every  different  case  that  could  occur, 
carefully  I emarking  whatever  change  might  arise  in  the 
•construction,  from  any  change  that  was  supposed  to  take 
place  among  the  magnitudes  which  were  given. 

Now  as  this  cautious  method  of  proceeding  was  not 


better  calculated  to  avoid  error,  flian  to  lay  hol^  of  evecy 
truth  that  was  connected  with  the  muiii  object  of  enquify, 
these  gcomcteia  soon  observiti,  that  iJicrc  were  many  pro- 
blems which,  in  certain  circumstances,  would  admit  of 
no  solution  whatever,  and  that  the  gencmi  construction  by 
w hich  they  were  resolved  would  fail,  in  consequence  of  a 
pariicuiur  relation  being  su^poHd  among  the  quantities 
which  were  given. 

buch  problems  were  then  said  to  become  impossible; 
and  it  wa*  readily  jwreeived,  that  this  always  fiappi'iied, 
when  one  of  the  conditions  prescribed  was  incuusistent 
wiili  the  rest,  so  that  the  suppositton  of  their  being  united 
ill  the  same  subject,  involved  u contradiction.  Thus,  w hen 
it  was  required  to  divide  a given  line,  so  that  the  recriingle 
unddr  Us  segments  should  be  equal  to  a given  space,  u vras 
evident,  that  if  this  space  was  greater  than  the  square  of 
hall  the  given  line,  ihc  thing  required  could  not  possibly 
U-  ih.ne;  the  two  conditions,  the  one  delining  the  magni- 
tude ul  the  line,  and  the  other  that  of  the  rvctangfe  under 
Its  gmenls,  being  ihe.i  inconsistent  with  one  aiunher. 
llencp  ail  infinity  ol  beautifui  propositions  concerning  the 
maxima  and  ilu-  minima  of  quantities,  or  the  litiiiu  of  the 
pussihlc  reiuiruiis  which  quantities  may  stand  in  to  one 
unotlier. 

“ Such  cast's  as  iIksc  would  occur  even  in  the  sofutioii 
of  the  sinsplest  pfuhluus  ; but  when  gwnieiers  proceeded 
to  the  anal)  m:.  of  such  as  wero  more  complicated,  they 
must  have  remaiked,  that  Ihcir  constructions  would  some- 
times fail,  for  a Rason  directly  contrary  to  that  winch. hai 
now  been  assigned.  Instances  woultl  be  found  where  the 
lines  that,  by  their  intersection,  were  to  determine  the 
thing  sought,  instead  ut  inleiM’Ciiiig  one  anoihc/,  as  they 
did  ill  general,  or  of  not  imvuiig  at  all,  us  in  tbeabove- 
meiitiomd  case  of  impnssibiliiy,  would  coincide  with  one 
another  entirely,  and  leave  the  qursiioft  of  coiiH-queqce 
unresolved-.  But  though  this  circumstance  must  have 
creati-d  considembie  embarrassment  to  the giTumcters  who 
fii-st  observed  il,  as*  being  perhaps  the  only  instance  m 
w hich  the  language  of  their  own  science  had  yet  ap|K-ared 
to  them  ambiguous  or  obscure,  it  would  iiorprobahly  be 
long  till -they  fopml  out  the  true  inlerprelaiion  lube  put 
on  It.  After  a little  retlecticm,  they  would  conclutle,  that 
since,  in  the  general  problem,  tbc  magnitude  required  was 
determined  by  the  imenection  of  the  two  lines  above  men- 
tioned, that  is  to  say,  by  the  points  common  to  them  both  ; 
M.  in  the  case  of  their  coincidence,  as  all  their^oiiits  were 
in  common,  every  one  of  these  points  must  alli^rd  a solu- 
tion ; which  solutions  ibcrefoie  must  be  mhniie  in  num- 
ber ; and  also,  though  intinile  in  number,  they  must  all 
be  related  to  one  another,  and  to  the  ihings  given,  by  cer- 
tain Jaws,  which  the  jiosiiioii  ol  the  two  coinciding  line? 
must  necessarily  drtcrniinc. 

**  On  enquiring  farther  into  the  pcruliaiily  in  the  state 
of  iho  data  w hich  had  produced  ilits  unc.xpccted  result,  it 
might  likewise  be  remarked,  that  the  whole  proceeded  from 
one  of  tbc  conditions  of  the  prubiem  involving  anoii.cr,  or 
necessarily  including  u;  so  that  they  imli  together  made* 
in  fact  but  one,  and  did  nut  have  asutfidentnuml;*  rot  inde- 
pendent coDditions,'  to  coniine  the  problem  to  a single  soJu- 
lion,  or  to  any  determinate  •ntnuber  of  solutions.  Jtwa% 
not  difficult  afterwards  to  pi  iceive,  that  these  cases  of 
problems  formed  very  curious  propcisitions,  ufnniurcr- 
mediaie  nature  betwvcn  problems  and  thioreins,  and  that 
they  admitted  of  being  cnuiiciatcd  separately,  in  a manm-r 
peculiarly  elegant  and  concise.  It  was  to  such  )irop<.- 
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to  enunciated,  llial  lUoancii-Qt  geometers  gave  tbe 
jmme  of  porivms.  , . 

*'  ThiH  tloductiun  requires  to  be  illustiatrd  by  exam> 
Mr.  UUyfair  then  givc»  scvt-rul  probtiUDik  by  \vMy  of 
illii>(rution  i one  of  %thicb,  ivbtch  may  here  lullico  to  show 
till!  nicthotf,  it  follows*: 

“ A triangle  aBc  being 
given,  and  also  I point  o;  . 
to  draw  through  t>  a straight 
line  UG,  such,  that,  perpciH 
diculart  being  drawn„iu  it 
from  the  three  angles  of  the 
triangle,  via,  ae,  ug,  ci',  the 
sum  of  the  two  perpendicu- 
lars on  the  same  side  of  do, 
shall  he  equal  to  the  remaiiiiog  perpendicular : or,  tliat 
as  and  bo  together,  may  be  equal  to  cr. 

'*  Suppose  it  dune:  Bisect  in  it,  join  cii,  nnd  draw 
2IK  perpt-ndicul|r  to  oo.-^Because  ab  is  bisected  in  h, 
the  two  jl^rpendiculars  ak  and  bg  are  together  double  of 
liK  : and  as  they  arc  also  i^ual  to  cr  by  hypothesis,  cr 
must  be  double  of  ii  K ; and  cl  of  Lii.  Now,  cil  is  given 
ill  jKisiliuii,  and  magnitude  ; therefore  the  point  L is  given  ; 
and  the  poitit  i>  Uung  alsogisen,  the  line  ut,  is  given  in 
position,  which  was  to  be  found. 

**  'I'he  construction  was  obvious.  Bisect  ab  iu  u,  join 
ni,  and  take  iiL*ei|ual  to  one  third  ofcil  ; the  straight 
line  which  joins  the  points  D and  L.is  the  line  required. 

Now,  it  is  plain,  that  while  the  triangle  Anc  remains 
lliQ  same,  the  point  L also  remains  the  same,  wherever  the 
point  o may»be.  The  {mint  D may  therefore  coincide 
with  I. ; and  when  this  happeni,  tl^e  position  of  the  line 
to  be  rlrawu  U left  undetennined  ; that  is  to  say,  any*tine 
whatever  drawn  through  L will  salisly  the  cuudilions  of 
thv  prubli'in.  lien*  therefore  we  have  ar^thci  indefinite 
case  of  a problem,  ami  of  consequence'  another  porisni, 
which  may  be  thus  enunciated  : A triangle  being  given 

in  position,  a point  in  it  may  be  found,  such,  llrat  any 
• straight  tiiK*  whatever  being  drawn  through  that  point,  the 
perpendiculars  drawn  to  ibis  straight  line  from  the  two 
angles  of  the  triangle  which  are  on  one  side  of  it,  will  be 
together  equal  to  tlie  |M!r|irndicuIar  that  is  drawn  to  the 
same  line  from  the  angle  on  the  other  side  of  it. 

Thik  pbrism  may  be  made  much  more  gt^ral ; for 
if,  instead  of  the  Htigies  of  a triangle,  we  suppose  ever  so 
many  points  to  he  given  in  a plane,  a point  may  be  found 
such,  that  any  siiaight  liiK' Ijcing  drawn  through  it,  the 
sum  of  all  the  perpimdiculars  lhal  fall  on  that  line  frbm 
the  given  points  on  one  side  of  it,  is  equal  to  the  sum  of 
the  perpendiculars  that  fall  on  it  fn>m  all  the  points  on  the 
other  side  of  (t. 

***0r  still  more  generally,  any  number  of  points  being 
given  not  in  the  same  plane,  a {miiii  may  be  found,  through 
which  if  any  plane  be  supposed  to  pass,  the  sum  of  all  the 
perpendiculars  which  fall  on  that  plane  from  the  points 
i>D  one  side  of  it,  ij  equal  to  the  sum  of  all  the  perpen- 
dtcubirv  that  fall  on  the  same  plane  from  the  points  on 
the  other  side  of  it.  It  is  unnecessary  to  observe,  that 
llie  {»oint  to  be  found  in  these  piopositions,  is  no  other 
than  the  centre  of  gra^ty  of  the* given  points  ; and  that 
therefore  we  have  here  an  example  of  a porism  very  well 
known  to  the  modern  geometers,  though  not. distinguished 
by  them  from  other  tlieorems.” 

After  some  example's  of  other  porismsr  and  a-marks 
upon  them,  the  author  then  adds, 

VoL.  II.  • 


. **  From  (bit  account  of  the  origin  of  porism^  it  fol* 
lows,  that  a porrsm  may  be  dclincd,  A proposition  afirm^  • 
the  fxytsibUity  qffinditi^  snek  a^uUtions  as  will  render  a 
certnin  problan  indetemunatCf  or  capable  qf  innamerable 
solutions.  * 

,**  To  this  definition,  the  difiorent  characters  which 
Pappus  has  given  will  apply  without  difficulty.  Tha 
propositions  di*scnlwd  in  it,  like  those  which  be  men* 
tioDs,  are,  strictly  speaking,  ncitlier  theorems  oor  pro- 
blems, but  of  an  intermediate  naluie  betweeu  both ; for 
they  neither  simply  enunciate  a truth  to  he  dcnronslrated, 
nor  propose  a qucstixo  to  be  solved,  but  arc  affirmatioM 
of  a.  truth,  in  which  the  ^determination  of  an  unknown 
quantity  is  involved.  In  as  jar  therefore  as  they  assert, 
that  a certain  problem  may  become  indetertumate,  they 
arc  of  the  nature  of  theorems  ; and  in  as  far  as.  they  «ei'k 
to  discover  the  conditions  by  which  that  is  brouglil  about, 
they  arc  of  the  nature  Of  problems. 

**  In  the  preceding  definitiou  also,  and  the  inslaiiceb 
from  which  it  is  deduced,  wcinay  trace  that  imperfect  de- 
scription of  poHims  which  Pappus  ascribes  to, the  later 
geometers,  via.  * Porisma  esi  quod  deficit  liypotbesi  a 
thi'oremute  locali.*  Now,  to  understand  this,  it  must  be 
observed,  that  if  we  take  the  converse  of  one  of  the  pro- 
positions called  Loci,  and  make  the  construction  of  the 
figure  a part  of  the  bypolhesit,  wo  have  what  was  called 
*b^  the  ancients  a Local  Theorem.  And  again,  if,  in^nun- 
ciatirig  this  theorem,  that  part  of  the  hypothesis  wlficli 
contains  the  construction  bu  suiiprt'ssed,  the  proposition 
arising  fn^  theiici'  will  be  a ponsm  ; for  it  will  enunciate 
a truth,  and  will  also  n*quir«‘,  to  the  full  understanding 
and  iiivesti|atiun  of  that  truth,  that  something  should 
found,  vi2,*thc  circunisuncc  in  the  cunstructiou,  sup- 
posed to  be  omitted. 

**  'I’hus  when  we  say  ; If 
from  two  given  points  a and 
o,  two  lines  ef  and  ru  are  in- 
fiecled  to  a third  point  r,  so 
as  to  be  to  one  another  in  a 
given  ratio,  the  point  f is  in 
the  circumference  of*  a circle 
given  in  position  : we  have  a 
Lbcos. 

**  But  when  conversely  it  is  said  ; If  a circle  abc,  of 
which  the  centre  rs  o,  be  given  In  positioti,  as  alsoa  point 
B,  and  if  D be  taken  in  tfio  line  eo,  so  (hat  the  rectangle 
Eu,  oo  be  equal  to^be  square  of  ao,  the  semidiametcr  of 
the  circle;  and  if  from  s and  *x>,  the  lines  bf  and  dp  be 
inflected  to  any  point  whatever  in  the  gircumference  abc  ; 
the  ratio  of  bf  to  db  will  be  a given  ratio,  and  the  same 
with  that  of  EA  to  AD : wc  have  a local  theorem. 

**  And,  lastly,  when  it  is  said;  l(a  circle  abc  be  given  • 
in  position,  and  alse  a point  b,  a point  d may  be  found, 
such,  that  if  the  two  lines  bf  ^d  fd  be  inflected  from  b* 
and  D,  to  any  point  whatever  r,  ii^the  circumferences 
tliese  lines  shall  have  a given  nulo  to  one  another:  the 
proposition  becomes  a porism. 

Here  ft  is  evident,  that  the  local  theorem  is  changed 
into  a porism,  by  leaving  .out  wbat  relates  to  the  determi^ 
nadon  of  the  point  D,.anJ  of  the  given  fatio.  But  (bough 
all  propositions  formed  in  this  M(ay,  from  the  conver>ion 
of  Loci,  be  porisms.  yet  all  purisms  are  not  formed  froiu 
the  conversion  of  Loci.  The  first  and  si'cond  Of  the  pre 
ceding,'  for  instance,  cBnnot  by  coiiversiori  be  changed 
into  ; and  therefore  the  definition  which  Ues^nbea  all 
2 F 
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porisms  as  being  so  cpnveriible»  is  no/  sufficirnlly  com^ 
• prebeiiaive.  Fermat's  idea  of  poriims,  as*has  been  already 
observed,  was  founded  wholly  on  this  dv6mtiun,  and  there* 
fore  could  not  fail  to  be  imperfect.  • 

**  It  appears  therefore,  that  the*  definition  of  porisms 
given  above,  agrees  with  Pappus’s  idea  t>f  these  proposi* 
tions,  as  far  at  least  as  can  be  collected  from  the  imperfect 
fragments  which  contain  his  general  ik'scri|>tion  of  them. 
It  agrees  also  with  Dr.  Simson's  defimtmu,  which  is  this : 
* Poriiina  est  propositio  in  <)ua  propoimur  demnnstmre 
rem  aliqQam,  vel  plures  datas  esse,  cui,  vcl  quibus,  ut 
m cuilibet  ex  rebus  innumeris,  non  quidem  datis,  sed  ijum 
ad  ca  que  data  suntoaodem  habent  relutiunem,  cunvenire 
ostendvndum  est  afiectionerp  quandam  communcm  in  pro* 
positione  descriplani.* 

**  It  cannot  be  denied,  that  there  is  a considerable 
degree  of  obscurity  io  this  definition ; notwithstanding 
which  it  is  certain,  that  every  ‘proposiiioii  to  which  it 
applies  must  contain  a problematical  part,  vir,  * in  qua 
, proponitur  demoostrare  rem  aliquaro,  vcl  plurrs  daias 
ease,'  and  also  a theoretical  pan,  wnich  contains  the  pro* 
perty,  or  communis  afiectio,  affirmed  of  certain  things 
which  have  been  previously  <le->cribed.  . 

“ It  hi  also  evident,  that  the  subject  of  every  soch  pro* 
position,  is  the  relation  between  tnognitiides  of  three  dif* 
ferent  kinds;  determinate  magnitudes  which  are  given; 
dcicrffiiniite  magiiiiudc'S  which  arc  to  be  found  ; an.l  inde** 
tentiiuatc  magnitudes  which,  though  unlimited  in  number, 
are  connected  with  theoCten  by  some  common  property. 
Now,  these  arc*  exactly  the  conditions  conuined  in  the  de- 
tinitfons  that  have  been  given  here. 

• **  To  confirm  the  truth  of  this  theor)'  of  the  origin  of 
porisms,  or  at  least  the  jusiiievs  of  the  notions  Tounded  on 
it,  1 must  add  a quotation  from  an  essay  on  the  same  sub* 
ject,  by  a member  of  this  society,  the  extent  and  correct* 
ness  of  whoae  views  make  every  coincidence  with  his  opi* 
pioDS  peculiarly  flattering.  In  a paper  read  sov'era)  yean 
ago  before  the  Pbilnvophical  Society,  Professor  Dugald 
Stewart  defined  a porism  to  bo  * A proposition  affirming 
the  possibility  of  finding  one  or  more  of  the  conditions  of 
an  indeterminate  theorem.*  Where,  by  an  indetermi- 
nate theorem,  us  be  had  previously  explained  it,  is  meant 
one  which  expresses  a relation  betwe<  n certain  quantities 
that  are  indeterminate,  both  in  magnitude  and  in  number. 
The  nc«r  agreement  of  this  with  the  dcfinilton  and  et;pla- 
natimis  which  have  hern  given  abovC|  is  too  obvious  to 
require  to  be  pointed  out ; and  1 have  only  to  observe,  that 
it  was  nipt  long  after  the  publication  of  Simsun’s  posthu* 
-inous  works,  when,,  being  both  of  u$  occupied  in  specula- 
tions concerning  porisms,  we  were  led  separately  to  the 
<ouclup>ions  which  I have  now  statech 

*Mn  an  enquiry  into  the  origin  of  porisms,  the  etymo- 
logy of  the  terra  ought  nol^to  be  forgatten.  The  qu*‘s(ion 
"ind«*ed  is  not  about  the  dcrifattoa  of  the  word  Ui^icaOt 
for  concerning  iliat^here  is  no  doubt;  but  uboui  the  rca- 
v>n  wiky  this  term  was  applied  to  the  class  of  propositions 
above  described.  Two  opinions  may'  be  formi  c!  on  this 
subject,  and  each  of  them  with  considerable  probabiirty  ; 
imo.  One  of  the  sighifications  of  is  to  actfuire  or 

ofi/ciin ; and  hence  xhvtkiag  oktaiwd  or 

**  Accordingly,  Scapula  says,  * Est  Vtix  a geometris  do* 
sumpta  qui  theorema  aliqtrtd  ex  demonstrativo  syllogisind 
neces«ario*seqfiens  inTcrentes,  illud  quasi  lucrufi  dicuntur, 
quod  non  ex  profexso  quidem  lh&oreraaii.<  hujus  imtitula 
sit  demonatratio,  led  tamca  ex  demonstraUi  recte  sequa* 


tur.*  In  this  sense  Euclid  uses  the  word  in  his  Elements 
of  Geometry,  where  he  calls  the  corollaries  of  bis  propo- 
sition, porismata.  This  circumstance  creates  a presump- 
tion, that  when  the  word  was  applied  to  a particular  class 
of  propositions,  it  was  meant,  in  both  chm^,  to  convey 
nearly  the  same  idea ; as  it  is  not  at  all  probable,  that  so 
corrdtt  a writer  as  Euclid,  and  so  scrupulous  in  bis  use  of 
words,  should  employ  the  same  term  to  express  two  ideas 
which  are  peifi  clly  different.  May  wc  not  therefore  con- 
jecture, that  ib«*se  propositions  got  the  name  of  porisms, 
entirely  with  a reference  to  their  origiuf  According  to  the 
idea  explained  abovy,  they  wnuld  in  genera]  occur  to  ma- 
thematicians when^  engaged  in  the  solution  of  the  more 
difficult  problems,  and  would  arise  from  those  particular 
cases,  where  one  of  the  conditions  of  the  data  involved  in 
it  some  one  of  the  ri'st.  Thus  a particular  kind  of  tbi'o- 
rem  would  be  obtained,  following  as  a corollary  from  (he 
solution  of  the  problem  and  to  this  theorem  the  term 
rio^iiraaroight  be  very  properly  ajiplied,  ^nce,  in  the  words 
of  Scapula,  already'quoted,  * Non  ex  professo  tbVuraitiatis 
hojus  mstituiasit  demoDstratio,  sed  taxuenex  demonstratis 
recte  sequatur.* 

2do.  Hut  though  this  interpretation  agrees  so  well 
with  the  supposed  origin  of  porisms,  it  is  not  free  from 
difficulty.  The  verb  «s^iCor  has  another  signification,  to 
Jind  out,  to  ducorer,  to  dwifc  j and  is  used  in  this  sense  by  • 
PappU!>,  when  besays  that  the  prupusitiom  called  porisms, 
allord  gfrat  delight,  j-eif  xai  ts^iCciv,  to 

those  xAo  are  able  to  underirtaud  and  intesiigaie.  Hence 
comes  the  act  <^\twdmg  out  or  lUfcavering,  and 

from  B'Sf.iffuOf,  inlhis»en>e,  the  sanieauthorevidrntly  con- 
siders n^pitraa  as  bciqg  derived.  Hii  words  an,  F-faerxv 
it  ]l9{.icu.2  sivai  rs  tif 

avrttra  ancients  smd,  that  a Pocum  u some- 

thing propoaedjpr  the  finding  out,  or  discovering  q/'rAc  very 
thing  propotied.  It  seems  singular,  however,  that  purisma 
should  have  taken  (heir  name  !rom  a circumstance  com- 
mon totijcm  with  so  many  other  geometrical  truths ; and 
if  this  was  really  the  case,  it  mu»t  have  been  on  account* 
of  (he  enignmlJcaJ  form  of  their  cnunrialiuns,  which  rc- 
uired,  that  in  the  onal>sis  of  these  pio;K»itions,  a sort  of 
ouble  discovery  should  he  made,  nut  only  of  the  truth, 
but  also  of  the  meanin®  of  the  very  thing  which  was  pro* 
posed,  'l^hey  may  therefore  have  been  calldd  porismata, 
or  investigations,  by  way  of  eminence.  , 

**  We  might  next  proceed  to  consider  the  pwrticuUr 
porisms  which  Or. 'bimson  ba«  restored,  and  to  show,  that 
everyone  of  them  is  Ihc^mleterininate  caseof  some  pro- 
blem. Rut  ol  this  it  is  so  easy  for  any  one,  who  has  at* 
teniled  to  the  proceding  remarks,  to  satisfy  himself,  by 
t^ndy  exau'ii.ing  the  enunciations  af  those  propositions, 
that  the  dviait,  unto  which  it  would  lead,  secinn  to  be  un- 
necessary. j shall  therefore  goon  to  make  some  observa- 
tions on  tliul  kind  oi  analysis  which  is  particularly  adapted 
to  the  investigation  of  porisms. 

**  If  the  idea  which  wc  have  iriven  qf  these  propositions 
be  just,  it  follows,  that  they  are  always  to  be  discovered  by 
consideniig  the  cases  in  which  the  conslrQciion  of  a pro- 
blem fads  in  consequence  of  the  lim-s  which,  by  their  in- 
tersection, or  the  poitiia  w hich,  l>y  tJicir  position,  were  to 
dete*'mme  the  magnitude  required,  happening  to  coincide 
with  one  another— a purism  may  therefore  be  deduced 
-tVom  tilt  prrbjem  it  helougs  to,  in  the  same  maimer  that 
the  propusitiooa  concerning  the  maxima  and  minima  of 
quantities  are  deduced  from  the  problems  of  which  they 
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form  the  limitationf ; and  such  no  doubt  is  the  most  na- 
ttiral  nud  most  ubvioos  aiialjsis  of  which  •this  class  uf 
propositions  a ill  admit. 

**  Jt  if  Dot,  however,  the  only  one  that  they  will  admit 
of;  and  there  ore  good  reasons  for  wishing  to  be  provided 
with  another,  by  means  of  which,  a porism  that  is  any  bow 
tuspacted  to  exist,  may  be  found  out,  independently  of 
tbe  general  solution  of  the  problem  to  which  it  belongs. 
Of  Uiese  rcasniM,  one  is,  that  the  porism  may  perhaps  ad* 
mit  of  being  investigated  more  easily  than  the  general  pro* 
blcm  admits  of  being  resolved ; and  another  is,  that  the 
former,  in  almost  evwry  case,  helps  to  diKover  the  simplest 
and  most  elegant  solution  tWt  can  be  given  of  the  latter.  ' 

**  It  is  desirable  to  have  a method  of  investigating  po« 
rismi,  which  does  not  requite  that  we  should  previously 
resolve  the  probUmis  they  are  connected  wiiU^  ifhd  which 
may  always  serve  todrterroine,  whether  toany  given  problem 
there  be  attached  a porism,  or  not.  Dr.  Simon's  Analysis 
may  be  considered  as  answering  to  this  description  ; for  as 
that  geometer  did  not  regard  these  propositions  at  all  in 
the  light  that  is  done  here,  nor  in  relation  to  their  origin, 
an  independent  arralysis  of  this  kind  was  the  only  one  that 
could  occur  to  him;  and  bo  has  accordingly  given  one 
which  is  extroincly  ingenious,  and  by  no  means  easy  to  be 
invented,  but  which  he  uses  with  great  skilfulness  and 
dexterity  throughout  the  whole  of  his  Restoration. 

**  h i»  not  easy  to  ascertain  whether  this  be  the  precise 
method  used  by  the  ancients.  Dr.Simson  had  here  no* 
thing  to  direct  him  but  bis  genius,  and  has  the  full  merit 
of  the  first  inventor.  It  tecths  probable,  however,  th4t 
there  is  at  least  a great  affinity  between  the  methods,  since 
the  lemmata  given  by  Pappus*as  necessary  to  Euclid's  do- 
monstrationi,  are  subservient  also  to  those  of  our  modern 
geometer. 

**  It  is,  as  we  have  sccn^a  general  principle,  that  a pro- 
blem Is  converted  into  a porism,  when  one,  or  when  two, 
of  the  conditions  of  it,  necessarily  involve  in  them  some 
one  of  the  rest.  Suppose  then  that  two  of  thd  conditions 
arc  exactly  in  that  state  dhich  determines  tbe  third  ; then, 
while  they  remain  fixed  nr  given,  should  that  third  one  be 
supposed  to  very,  or  dilfor,  ever  so  little,  from  the  slate 
required  by  tbe  Other  t>vo,  a coDtradiciion  will  ensue. 
Therefore  if,  in  the  hypothesis  of  a problem,  the  conditions 
be  so  related  tn  one  another,  as  to  render  it  indeterminale, 
a porism  is  produced  ; .but  if,  of  tbe  conditions  tjius  re- 
l0;^ed  to  one  another,  some  one  be  s^posed  to  vaiy,  while 
the  others  continue  the  same,  an  absurdity  follows,  and  the  ' 
problem  becomes  impossible.  Wherever  therefore  any  pro- 
blem admits  both  of  an  indeterminate,  and  an  impossible 
case,  ^ is  certain,  that  these  cases  are  ne&rly  related  tp  one 
another,  and  Yhat  some  of  tbe  cenditioiis  by  which  iboy 
are  produced,  ere  common  to  both.  * 

**  It  is  supposed  above,  that  two  of  the  conditions  of  a 
problecD  involve  in  them  a third ; and  wherever  that  hap- 
pens, tbecooclttsioD  which  has  been  deduced  will  invaria- 
bly take  place.  ^ • • 

“ But  a Dorism  may  sometimes  be  so  simple,  as  to  arise 
from  the  mere  coincidence  of -one  condition  of  a problem 
with  aoothpr,  though  in  no  case  whatever,  any  inconsist- 
ency can  take  place  between  them.  TIftis,  in  the  second 
of  the  foregoing  proportions,  the  coincidehce  of  the  point 
given  in  the  prubleru'With  another  point,  viz,  the  centre  of 
gravity'of  the  given  triangle,  renders 'the  problem  indeter- 
minate : but  as  there  is  no  relation  of  distance,  or  post* 
tioD,  between  these  points,  that  may  not  exist*  so  the  pro- 


blem has  no  Impossible  case  belonging  to  it.  dlThere  are, 
liowrvciv  comparalivily  but  few  porisnis  so  simple  in  their 
origin  af  this,  or  that  arise  from  problems  .in  which  tbe 
conditions  are  so  little  complicated  ; for  it  Usually  hap« 
pens,  that  a problem  which  can  become  indefinite,  m:iy 
also  become  impossible ; mid  if  so,  the  connection  between 
these  cases,  which  bsy  been  already  explained,  never  fails 
to  take  place.  * 

‘ **  'Another  species  of  impossibility  may  frequently  ari^e 
from  ffie  porismaric  cue  of  a problem,  which  will  very 
much  afiect  the  application  of  geometry  to  astronomy,  or 
any  of  the  sciences  of  experiment  or  obsersation.  For 
when  a problem  is  to  be  resolved  by  help  of  data  fumiihi^d  . 
by  c.vpi’nmcnt  or  oUervalion,  linst  ihini  to  he  cojim-  ^ 
deled  is,  whether  the  data  so  obtajmd,  U;  suthcifiit  for  de- 
t'*rmitmji;  the  thing  souglil ; and  in  this  a Vifv  erroneous 
jud^iniTJl  nuy  be  formed,  if  we  rv*l  sati^llvd  with  n ge- 
neral view  of  thi'  subject.  For  thoui;h  tbe  problem  may 
in  gvm-rul  U:  resolved  from  tiic  data  that  we  arc  provided 
wiili,  Vet  these  data  may  be  so  related  to  one  another  jit 
the  caic  be/ore  us,  that  the  probletu  will  become  mdvler- 
mmaie,ond  imtt-ad  of  oncsolufion,  will  admit  of  an  inli- 
tutenumbi-i. 

hupfM>>>e,  fur  instance,  that  it  wore  required  to  deter- 
mine the  position  of  a point  r from  knowing  that  it  was 
situated  in  the  circumft  rrnce  of  li  given  circle  abc,  and 
also  from  knowing  the  ratio  ofitsdivtances  from  twogivi'ii 
points  E and  d ; it  is  certain  that  in  general  these  data 
would  be  sufficient  for  determining  the  situatioii  of  r. 
But  nevertheless,  if  £ and  d should  be  so  situated,  that 
they  were  in  the  same  stmight  line  with  the  centre  of  the 
given  circle;  and  if  the.  rectangle  under  their  distances 
from  that  centre,  were  also  equal  to  tbe  square  of  the  ra- 
dius of  the  circle,  then,  the  position  of  r could  not  be 
determined. 

*'  This  particular  instance  may  not  indeed  occur  in  any 
of  4hc  practical  applications  of  gromvti^  ; but  there  is 
one  of  the  same  kind  which  has  actually  occurred  in 
aslronoree.  And  aS  the  history  of  it  is  not  a little  singu- 
lar, afToroing  besides  an  excellent  illustration  of  the  nature 
of  porUmi*  I hope  to  be  excused  for  eoteriag  into  the  fol- 
lowing Vetaij  concerning  it. 

**  Sir  Isaac  Newton  having  demonstrated,  that  the  tra- 
jectory of  a comet  is  a parabola,  reduced  tbe  actual  deter*, 
mioation  of  the  orbit  of  any  particular  comrt  to  the  solu- 
tion ofa  geometrical  piobltrm,  depending  on  the  propertiee 
of.  the  parabola,  but  of  such  considerable  difficulty,  that 
it  is  necessary  to  take  the  amistaare  of  a mote  elementary 
problem,  in  order  to  find;  at  least  nearly,  the  distance  of 
tbe  comet  from  the  earth,  at  the  times  when  it  was  ob- 
served. The  expedient  for  this  purpose,  suggested  by 
Newton  himself,  was  (b  considcra  smali  part  of  the  comers 
path  as  rectilineal,  and  described  witb-an  uniform  morion, 
to  that  four  observations  of  the  comet  being  made  at  mo- 
derate intervals  of  tirAe  from  one  another,  four  straight 
linos  would  be  determined,  viz,  tbe  four  lines  joining  the 
places  of  the  earth  and  tbe  comet,  at  the  times  of  obver- 
vation,  acroes  which  if  a straight  line  were  drawn,  ^ as 
to  be  cut  by  them  in  three  parts,  in  the  •sime  ratKis  with 
the  intervflds  of  time  abov^mentionhd  ; the  line  so  drawn 
would  nearly  represent  ibe  comet's  patb*  and  by  its  intcr- 
leciioo  with  the  given  lines,  would  determine,  at  least 
nearly,  tbe  diiiances  of  (be  comet  fiom  tbe  earth  at  the 
time  of  observation. 

**  The  geometrical  problem  here  employed,  of  dfkwtiig 
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a line  to  b^^ividcd  by  four  oLbcr  lines  given  in  |>oiilion, 
into*  parts  having  given  ratios  to  one  another,  had  been 
already  n-solvfd  by  Or.  Wallis  and  Sir  Christopher  Wren, 
^d  to  their  solutions  Sir  Isaac  Newton  added  three  others 
S his  own,  in  dillercnl  parts  of  his  works.  Yet  none  of 
all  these  geometers  observed  that  peculiarity  in  the  pro- 
blem which  rendered  it  imipplicable  tp  astronomy.  This 
was  first  done  by  M.  Boscovich,  but  not  till  after  many 
trials,  w-ben,  on  its  application  to  the  motion  of  corkis, 
it  Lad  r>evcr  led  to  any  satisfactory  result.  I'be  errors  it 
produced  in  some  instances  were  so  considerable,  tbat  Za- 
Dutii,  seeking  to  determine  by  it  the  orbit  of  the  comet  of 
1739,  found,  that  his  construction  threw  the  comet  on  the 
side  of  llfibi^on  opposite  to  that  on  which  he  had  actually 
’ observed  it  •This  gave  occasion  to  Bpvcovich,  some  years 
afterwards,  to  cxMninc  the  different  cases  of  ihb  problem, 
and  to  remark  that,  in  one  of  them,  it  became  indi  irrnii^ 
note,  and  that,  by  a curious  coincidence,  this  happeiuil  in 
the  only  case  which  could  be  supposed  appliculilc  to  tlie 
astronomical  problem  above-menuoned ; in  other  words, 
he  found,  tbat  in  the  sutc  of  the  data,  which  must  there 
always  take  place,  innumciable  lines  might  be  draw  n,  that 
would  bo  all  cut  in  the  same  ratio,  by  the  four  lim^s  given 
in  position.  This  be  demonstrated  in  a disaeiiaiion  pub- 
lished at  Home  in  1749*  and  since  that  time  in  the  third 
volume  of  his  Opuscuta.  A demorntratiun  of  it,  by  ihe 
srftoc  author,  is  also  inserted  at  the  end  of  Castillon'sConi- 
mentaiy  on  the  Amhinclica  Universalis,  where  it  is  de- 
duced Irpm  u construction  of  the  general  problem,  given 
by  Mr. Thonuis  Simpson,  at  the  eftd  of  his  Kliments  of 
Geometry.  The  proposiliun,  iu  Boscovich's  words,  is  this : 

* Problema  quo  qua'ritur  recta  liuea  quae  qualuor  rectos 
positionc  dalas  itasecct,  ut  trio  ejus  srgmentasint  invicem 
in  roUonc  data,  evadit  aliquaiido  indelorminalum,  ito  ut 
per  quodvis  punctum  cujusvis  ex  iis  quatuor  rectis  duel 
possit  recla  linea,  qux  ei  condilioni  fheiat  satis.* 

**  It  is  needless,  1 believe,  to  remark,  that  the  proposi- 
tion thus  cnuticiotcd  is  a porism,  and  that  ii  wtvs  disco- 
vered by  Ikiscovicb,  in  the  same  way  io  which  1 have  sup* 
posed  ponsms  tb  have  been  first  discovered  by  the  geome- 
ters of  antiquity. 

**  A question  nearly  connected  with  the  origin  of  po* 
jisms  still  remains  to  be  solved,  namely,  from  what  cause 
has,it  arisen,  that  propositions  which  are  iu  themselves  so 
important,  and  tbat  actually  occupic’d  so  considerable  a 
place  in  the  ancient  geometry,  have  been  so  little  remarked 
in  the  modern  f It  cannot  indeed  brsaid,  that  propositions 
of  this  kind  were  wholly  unknown  to  the  moderns  before 
the  restoration  of  what  Kudid  had  written  concerning 
them  ; for  besides  Boscovicb’s  proposition,  of  which  so 
much  has  been  already  said,  the  theorem  which  asserts, 
that  in  every  system  of  points  there  is  a centre  of  gravity, 
has  been  shown  above  to  be  a porivm  ; and  we  shall  sec 
hereafter,  that  many  of  the  theorems  in  the  higher  geome- 
try belong  to  the  same  class  of  propositions.  We  may 
add,  that  soiHc  of  the  ch  mentary  propokiiiuns  of  geometry 
want  only  the  proper  form  of  enunciation  to  be  perfect  po- 
risms.  It  is  not  therefore  strictly  true,  that  none  of  the 
propo«iiions  called  -porisms  have  been  known  to  the  mo- 
derns; hut  it  is  certain,  that  they  have  not  met,  from 
them,  with  the  attention  they  met  with  from  the  ancients, 
and  that  they  have  not  been  divtinguished  as  a separate 
class  of  propositions.  The  causi^  of  this  difference  is  un- 
. doublecUy  to  be  so&ght  for  in  a compurisun  of  the  methods 
eroployM  for  the  solution  of  geometrical  problems  in  au- 
cieot  and  modern  times. 


In  the  solution  of  such  problems,  the  geometers  of 
antiquity  prooet'ded  with  the  utmost  caution,  and  were 
careful  to  ji-mark  every  particular  case,  that  is  to  say, 
every  change  in  the  construction,  which  any  change  in 
the  stale  of  the  data  could  produce.  The  different  con- 
ditions from  which  the  solutions  were  derived,  were  sup- 
posed to  vary  one  by  one,  while  the  others  rvmamed  the 
same;  and  dl  tbeir  possible  combinations  being  thus 
enumerated,  a separate  solution  was  given,  wherever  any 
considerable  change  was  observed  to  have  token  place.  . 

**  This  was  so  much  the  case,  that  the  Seciio  Raiionis, 
a geometrical  problem  of  no  great  difficulty,  and  one  of 
which  the  solution  would  be  disfiatchcd,  acrording  to  the 
methods  of  the  modern  geometry,  in  a single  page,  was 
moiLe  by  Apollonius,  the  subject  of  a treatise  consisting 
of  two  Usobs.  The  first  book  has  7 general  divisions,  and 
cases  ; the  second,  14  general  divisions,  and  73  cases, 
each  which  cast's  is  separately  considered.  Nothing, 
it  is  evident,  that  was  any  way  connected  with  the  pro- 
blem, could  escape  a geometer,  who  proceeded  with  such 
minuteness  of  investigation,  * , 

The  same  scrupulous  exactness  may  be  remarked  in 
all  the  other  mathematical  rrsearcbev  of  the  ancients;  and 
the  reason  doubtless  is,  that  the  geometers  of  those  ages, 
however  expert  they  were  in  the  use  of  their  analysis, 
had  not  sufficient  experience  in  its  powers,  to  trust  to  the 
luuri'  general  applications  of  it.  That  principle  which 
we  call  the  law  of  continuity,  nnd  which  connects  the 
whole  system  of  mathematical  truths  by  a chain  of  insen- 
sible gradations,  was  scarcely  Jinown  to  them,  and  has 
been  unfolded  to  us,  only  by  a more  extensive  knowledge 
of  the  mHlhcmalicai  sciences,  and  by  that  roost  perfect 
mode  of  expressing  the  ndalions  of  quantity,  which  forma 
the  language  of  algrbia  ; and  it  is  this  principle  alone 
which  has  taught  us,  that  though  in  the  solution  of  a pro- 
blem, tl  may  be  impossible  to  conduct  the  investigation 
without  assuming  the  data  in  a particular  state,  yet  the 
result  mny  bepcrti'Cily  general, and  willaccommodateitself 
to  every  case  with  such  wuiwlerful  versatility,  as  is  scarcely 
credible  to  the  must  experienced  malhemati.cian,  and 
such  as  often  forces  lum  to  stop,  iu  the  midst  of  his  cal- 
culus, and  look  back,  with  a /nixture  of  diffidence  and 
admiration,  on  the  unforeseen  barmouy  of  his  conclu- 
sions. All  this  was  unknown  to  the  ancients;  and  there- 
fore they  hud  no  resource,  but  to  apply  rhenr  analysis  se- 
parately to  each  particular  case,  With  fhat  extreme  cau- 
tion which  ho^  just  b^n  described;  and  in  doing  so,  they 
were  likely  to  rt  mark  many  ;>eculiariucs,  which  more 
«xtensi\-e  views,  and  more  expi-ditious  methods  of  inves- 
tigation, might  perhaps  have  induced  them  to  overlook. 

To  rest  sHti>ficd,  imfeed,  with  loo  cmeral  n-sultt, 
ami  iM)t  to  d4*%cend  sufficiently  into  particular  *detaiis, 
may  hr  considemd  as  a vice  that  naturally  arises  out  of 
the  cxccDeivce  of  the  modern  analysis.  • 'Ihe  effect  which 
this  has  had,  in  ci  ncmling  from  us  the  cIhm  of  proposi- 
tions wc  urf  nuw  ^finsidering,  cannot  be  In'Uer  illustrated 
than  by  the  example  of  the  porism  discovered  by  Bosco- 
wich,  in  the  manner  relaU'd  alaive.  Though  the  pro- 
blem from  which  that  porism  is  derived,  was  resolved  by 
several  mathenuMicinns  of  the  first  eminence,  among  wljom 
also  was  sir  Isaac  Newton,  yet  the  |>orism  which,  as  it 
happens,  is  the  most  important  case  uf  it.  was  not  ob- 
served by  any  of  them.  'Ibis  is  ihr  more  remarkable, 
as  Sir  Isaac  Newton  takcK  notice  of  the  two  most  simple 
coses,  in  which  the  pioblcqi  obviously' odnfits  of  innu- 
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mereble  solutioni,  vii,  when  the  lines  gi?eii  in  position 
arc  cithrraUparallel,  or  alf  meeting  in  a point,  and  theM^ 
two  hypotheses  he  therefore  expressly  excepts.  Yet  be 
did  not  remark,  that  there Itrp  other  circumstances  which 
may  rer^ier  the  solution  of  the  problem  indeterminate  as 
Will  as  tff^se;  so  that  the  porismatlc  ca:^e  considered 
alxtve,  escap«  d his  ob^ervation:  and  if  it  escaped  tbcT ob- 
servation of  one  who  vros  accustomed  to  penetrate  so  far 
into  matters  infinitely  lunrc  obscure,  it  was  because  be 
sali'fied  himself  with  a general  Construction,  without  par- 
siring  it  into  its  particular  cases.  Had  the  solution  been 
conducted  after  the  manner  of  Euclid  or  Apollonius,  the 
porism  in  question  mu»t  infallibiy  have  been  discovered." 

In  the***  Account  of  the  Life  and  Writings  of  Rob.  Siin- 
son,  M.  d/’ publi>li«^  in  181^,  bylhe  Rev.  Dr.  Wm. Trail, 
we  find  many  learned  observations  on  the  tuljeVt  of  po- 
risms.  After  a particular  account  of  the  labours  oT 
many  anthort  on  this  subject,  from  Euclid  and  others 
among  the  ancients  down  to  Pappus  and  Procluv  and  the 
attempts  at  restoration  by  many  of  the  modems,  but 
cbicHy  by  Dr.  SinisOn,  Dr.  Trail  says, 

“ After  a certain  progress  in  the  prosecution. of  this 
subject,  it  LH*rumc  an  important  object  to  ast^rtoin  njust 
fh-tinitiun  of  the  ponsm  Thu  dehnil^on  given  by  the 
later  matheinaticinnv,  ns  stated  by  Pappus,  but  censured 
by  hmi,  * qu><d  deficit  hypoihesi  a thcorematc  locnii,' 
clearly  implii*s  tl>at  a porism  had  an  iromediuto  reference 
to  a Incurs;  though  it  is  not  less  clear  that  Pappus  con- 
sidered 1/^ci.as  only  one  class  of  porisms,  (a  large  one  no 
doubt,)  but  that  ofcirtirse  many  pniisms  have  no^con- 
nexion  whatever  with  loci.  • 

**  But  the  definition  which  Pappus  quotes  from  the 
ancients  (viz,  that  it  is  sumeth'ing  prupoa^  to  be  investi- 
gated), as  more  characteristic  of  ponsms,  is  too  general 
for  any^useful  purp<ise;  and  though  it  does  corres|)ond 
to  the  nature  of  thi'se  propositions,  yet  it  is  deficient  in 
discrimination,  and  of  itself  neither  conveys  any  pre- 
cise notion  of  Euclid’s  ponsms,  nor  give's  assistance  to 
the  investigation  ^f  any  individual  propoaition. 

“ After  much  consideration  of  \-artous  forms  of  a defi- 
nition which  had  occurred  to  him,  the  doctor  finally 
settled  the  following  : ' A porism  Isa  proposition  In  which 
it  is  proposed  to  deinonsifatc  that  softie  ono  or  more 
things  nre  given,  to  which,  as  al»o  fo  every  one  of  ipnu- 
inentSle  other  things,  nut  indeed  given,  but  liaving  the 
some  relation  to  th«.»sc  that  an*  given,  it  is  to  be  showir 
that  there  belongs  some  common  affection  described  lu 
the  proposition.'  • 

**  Tlie  doctor  illustrates  the  pTO|i«iety  and  accuracy  of 
this  definition  by  many  examples;  and  shows  particularly 
wherein*  the  definition  blamed  by  Pappus  coincides  with 
his,  and  wherein  it  ii  deficient,  by  excluding  many  genuine 
purisms.  The  di*ltnition  indeed,  wtih  much  aiidress,  is  so 
irwnied  as  to  correspond  with  nil  the  intimations  of  Pap- 
pus respecting  porisms,  and  also  with  the  character  of  the 
imiividual  porisms  of  Euclid,  wliich  Dr.  Sini<*on  had  dis- 
covoivd ; and  therefore  may  justly  be  considered  as  cx- 
pre>HU'c  of  the  notions  on  this  subject  eiilrAained  by  the 
ancients.  It  is  not  pretended  that  this  was  a definition 
of  the  msrtenfg ; for  probably  no  precise  definition  was 
jjivon  by  them,  of  either  theorem,  problem  ot  porism.  None 
apjiearv  in  the  works  of  the  more  car|y  geometers,  which 
arc  still  preserved  in  a considen^^deg^  of  purity,  and 
where  such  definitions  would  natuAHy  have  had  a place. 
And  we  may  affirm  nith  much  prabnbility)  that  if  any 


useful  and  characterislicMefinition  of  a porism  had 
reached  the  times  of  Pappus,  he  would  not  hqvc  ne- 
gU>cted  so  valuable  a remnant  of  ancient  mathematical 
sciepc^  in  a work  obviously  designed  for  the  prcs4*rva-  * 
tioii  of  the  more  curious  portions  of  it.  Hr^doesnot 
omit  a definition,  uhichr  probably  was  only  a traditional 
and  pointed  observation  of  sofhe  ancient  grometer,  and 
though  of  no  use  in  explaining  the  character  of  a porism, 
yet  it  in  some  degree  fortified  his  objection  to  the  defini- 
tion of  the  later  mathematicians,  V ho,  he  states,  from 
iybility,  could  not  accomplish  tbc  investigation  of  po- 
nsms;  but  satisfied  themselves  with  assuming  the  con- 
structions ns  they  found  iheip  in'Euclid,  or  other  geo-  , 
meters,  and  adding  the  demonstrations. 

“ It  is  obsemd  by  Pappus,  that  a porism  is  neither  a 
problem  nor  a theorem,  but  something  of  an  intermediate 
nature;  and  that  it  might  be  p^poseJ  either  as  a pro- 
blem or  as  a theorem  ; some  geometers  contending  for 
the  one,  and  some  for  the  other.  Dr.  Simson  h^is  given 
a form  to  the  enunciation  of  a porism,  pnplying  this 
intermr*diMe  character  between  a problem  and  a theorem. 
In  his^nunciation  it  is  affirmed  liiul  certain  things  may: 
be  found,  which  shall  have  the  rclatitms  or  properties 
thenin  described.  Perhaps  this  'form  revcmblcs  moro 
that  of  a theorem,  th.in  of  a problem  ; but  at  lhi>aamo 
time,  the  filings,  of  which  it  is  said,  that  they  niky  bo 
found,  must  be  actually  iutcstigalcd  by  analysis',  as  if  iho 
proposition  were  a probU  in.  Were  it  simply  pr<»po^*d  to 
investigate  certain  things  which  would  have  the  proporo 
lies  express'd  in  the  pon*qr,  u muy  be  regarded  as  a prr>- 
blcm  i but  if  yhesc  things  are  found  by  a construction* 
dcscriUd  in  the  enunciation,  the  proposition  bt-coiues  » 
theorem,  affirming  the  truth  of  the  properties  asserK*d ; 
and  then  a demonstration  only  is  required,  without  any 
invH*8lig.ition  ; in  the  manner  which  appears  to  have  beco 
practised  by  the  later  malhemaiictans,  alluded  to 
Pappus. 

**  I cannot  omit  adverting  in  this  place  to  a very'ing»* 
nious  tjicory  of  porismy  proposed  by  Mr.  professor  Play- 
bur  of  f^inburgh,  first  briefly  id  his  account  of  the  life 
of  Dr.  Stewart,  and  afterwards  more  fuUy  explained  in  e 
memoir  on  that  subject  in  the  3d  volume  of  the  Trans- 
actions of  the  Royal  Society  of  Edinburgh.  Tbc  result 
of  his  investigation  is,  that  a porism  is  the  case  of  a pro- 
blem which  becomes  indeterminate;  or  more  particularly 
' d porism  is  a proposition  affirming  the  possibility  of 
finding  such  conditions  as  will  render  a certain  problem 
indelernpnate,  or  capable  of  innumerable  solutions.'  But 
though  I admire  the  ingenuity,  and  fully  admit  the  sound*, 
ness,  of  this  definition,  and  also  tbc  utility  of  the  prin- 
ciple on  which  it  is  founded,  in  the  discovery  of  porisms, 

1 mutt  acknowledge  my  doubt  of  that  particular  notion 
of  a porism  having  ever  been  adopted,  or  even  proposed, 
among  the  ancieni  geometricians.  The  circumstance  of 
its  being  so  satisfactory  as  a dehnilion,  is  to  me  a proof 
th:il  It  was  never  generally  known  or  embraceJ : for  had 
it  ever  been  approved  «ml  establrihed,  it  seems  scarco 
possible  that  it  sbo^^ld  aftervrards  have  been  neglected  and 
lost.  That,  among  the  bncirnts,  the  consideration  of  the 
relations  subsisting  among  ihc  data,  in  some  problems, 
might  have  occnsiomOly  suggested  the  parttcnlar  case  in 
which  theseprublems  would  become  indeterminate,  is  very 
probable,  ll  might  also  haw  often  occurred  to  thorn,  that 
this  indetermioatecase involved  an  important  general  pro- 
position, which  might  be  separately  stated  as  such,  and  pre- 
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served.  Many  poriiin*  c»f  Euctid  may  poisibly  have  been 
invented  in  that  way;  but  still  I eiitrrtAin  a dgubt,  if 
ever  the  ajipicnts  were  in  po'^ession  of  this  notion  as  a 
• principle,  nnd  as  (he  propiV  grobnd  of  the  definition  of  a 
purism.  Pafipus  mentions  the  definition  of  the  ancients, 
and  apparently  as  the  only  one avhich  they  were  known 
to  possess,  though,  a>  has  been  rematkcil,  it  be  of  no 
particular  Use.  He  mentions  also  a definition  of  the  later 
niathcmaticiuns,  which  he  censures  as  erroneous:  but  if 
such  a complete  amk  satisfactory  definition,  which  not 
only  accurately  disunguishes  that  class  of  propositions, 
but  points  out  an  obvious  source  of  the  discovery  6f 
them,  bad  ever  been, generally  understood  among  the 
ancients,  it  is  difiicult  to  suppose  that  it  could  ever  have 
been  }<ist ; and  hud  it  reached  the  time  of  Pappus,  it  is 
most  improbable  that  he  should  neglect  the  recording  of 
it  in  his  detailed  account  of  Euclid's  treatise  on  this  sub* 
jecL  With  these  strong  internal  probabilities,  and  the 
total  want  of  external  evidence,  1 must  (with  deference, 
however,  to  the  opinion  of  those  who  may  think  difler- 
cntly)  adher^  to  the  judgment  which  I have  already  ex- 
pressed, concerning  the  recent  * origin  of  this  excel- 
lent definition,  proposed  by  Mr.  Playfiiir.”  * 

Oa  this  subject,  see  also  several  other  places  in  Dr. 
Trails  works,  particularly  the  note  D,  pn.  88. 

Polish  wa&  al»o  used  in  another  sense,  by  the  snci<‘nt 
geometricians,  and  even  down'to  near  the  17th  century, 
to  denote  the  same  thing  as  the  common  corollary. 

POHISTIC  Mcihodf  is  that  which  detennim's  when, 
and  by  what  roeuns.  and  how  many  difierent  ways,  a pro- 
blem may  be  resolved. 

PORTA  (JouN  Baptista),  called  also  in  Italy  Giovan 
Batuta  de  la  Porta,  of  Naples,  fiourishol  about  the  end 
of  the  l6th  ccutury,  and  was  famous  for  his  skill  in  phi- 
losophy, mathematics,  medicine,  natural  history,  as 
well  as  for  his  indefatigable  endeavours  to  improve  and 
propagate  tiio  knowledge  of  those  sciences.  Wiih  this 
view,  he  not  only  establislu-d  private  schools  for  part  icular 
sciences,  but  to  the  utmost  of  his  power  promoled  public 
academies.  He  had  no  small  sbhre  in  establishing  the 
academy  at  Gli  Oxioni,  at  Naples,  and  Imd  one  in  his 
own  house,  called  de  Secriti,  into  which  none  were  ad- 
mitted members,  but  such  as  had  made  some  new  dis- 
coveries in  nature.  He  invented  the  camera  obscura,  im- 
’ proved  afterwards  by  GrAvcsaiuUs  and  formed  the  plan  of 
ah  encyclopxdja.  fie  died  at  Pisa,  in  the  kingdom '<»f 
Naples,  in  the  year  I6l5.  Porta  gave  the  fiilkst  proof 
of  an  extensive  genius,  and  w'rote  a great  many  works; 
the  principal  of  which  ac^  os  follow:  * 

1.  His  Natural  Magic  ; a book  abounding  with  curious 
experiments;  but  containing  nothing  of  magic,  in  the  com- 
mon acceptation  of.thc  word,  as  he  pretends  to  nothing 
(bove  the  pow  cr  of  nature.  * 

2.  Eh  ments  of  Curve  Lines. 

3.  A Treatise  of  Distillation, 

4.  A 'I\eatise  of  Arithmetic. 

5.  Concerning  Secret  Letter-writing. 

6.  Of  Optical  Refractions. 

7.  A Treatise  of  Forlificaiion.  • . * 

8.  A Treatise  of  Physiognomy. 

Beside  some  Plays  and  other  pieces  ofless  note. 

PORTAIL,  in  Architecture,  thjo  face  or  frontispiece  of 
* church,  viewed  on  the  side  in  which  the  great  door  is 
placed.  It  means  also  the  great  door  or  gale  itself  of  a 
palace,  castle,  dec. 


PORTAL,  in  Architecture,  a term  used  for  a little 
square  Corner  of  a room,  cutoff  from  the  rest  of  the  roi»m 
*by  the  wainscot ; frequent  in  the  ancient  buildings,  but 
now  disused.  ■ 

Portal  is  sometimes  also*used  for  a little g^te,  poricUa; 
where  there  arc  two  gates,  a targe  and  a smal)  <mk^ 

Portal  is  sometimes  also  used  for  a kind  of  arch  of 
joiner’s  work  before  a door. 

POR'ICULLICF.,  called  also  Kmc,  and  Sarrasinf  in 
Fortification,  an  assemblage  of  several  large  pirces  of  W09H 
laid  or  joined  across  one  another,  like  a harrow,  and  each 
pointed  at  the  bottom  with  iron.  These  were  formerly 
used  to  be  hung  over  ihc  gateways  of  fortified  placis,  to  be 
ready  to  let  down  in  ckse  of  a surprivc,  when  the  enemy 
should  come  so  quick,  as  not  to  allow  rime  to  shut  the 
gates.  But  thcorgues  arc  no#  more  generally  used,  being 
found  to  answer  the  purpose-  better. 

PORT-Firk,  in  Gunrwry,  a paper  lube,  about  10  inches 
long,  filled  with  a composition  of  meal-powder,  sulphur, 
and  nitre,  rammed  moderately  hard  ; ^used  to  fire  guns 
and  mortars,  instead  of  a mutch. 

PORTICO,  in  Architccluie,  is  a kind  of  gallery,  raised 
upon  arches,  under  which  people  walk  for  vheltcr. 

POSITION,  or  SiiCt  or  Siiur.tioitf  in  Pliysies,  is  an  af- 
fection of  place,  expressing  the  manner  of  a body  ’s  being 
in  it. 

• Position,  in  ArcKiteclurr,  denotes  the  situation  of  a 
building,  with  respect  to  the  points  of  the  horiseun.  The 
• best  it  is  thought  is  when  the  four  sidv's  point  directly  to 
the  four  winds,  or  cardinal  points. 

Position,  in  Astronomy-,  relates  to  the  sphere.  The 
po^itio^  of  the  sphere  is  cither  right,  parallel  or  oblique; 
whence  arise  the  inequality  of  days,  the  difilTcnce  of  sea- 
sons, &C. 

CiTcUa  f>/  Position,  arc  circles  passing  through  the 
common  intersections  of  the  horijon  and  mcndhin,  and 
through  any  decree  of  the  ecliptic,  or  the  centte  of  any 
star,  or  other  point  in  the  het^vctis;  used  for  finding  out 
(he  position  or  situation  of  any  slur.  These 'are  usually 
counted  six  in  riuinber,  cutting  the  equatot  into  twelve  equal 
parts,  which  the  astrologers  call  the  celestial  houses. 

Position,  in  Arithmetic,  called  also  False  Position,  or 
Supposition,  or  Hule-of- False,  is  a rule  so  called,  because 
it  coustsis  in  calculating  hy  false  numbers,  supposed  or 
taken  at  random,  according  to  the  process  described  in 
any  qui'!«iion  cr  problem  proposed,  as  if  they  were  the 
true  liiimbcrs.  and  then  from  the  results,  compared  with 
that  givrn  in  ihe  question,  the  true  numbers  arc  found, 
(l  is  sometimes  aivu^  called  l'rial-and-£rror,  bi'cause  it 
proceeds  by  trials  of  false  numbers,  and  thocice  finds  out 
the  true  ones  by  a comparison  of  the  errors.— Position  is 
cither  single  or  double. 

.SiVfij/c  Position  is  when  only  one  supposition  is  em- 
ployed in  ih<-  cuUulation.  And  Double  Position  is  that 
in  which  Iw*^  suppositions  arc  employed.— To  the  rule  of 
position  properly  brdung  such  questions  as  cannot  be  re- 
solved from  a direct  proci*ss  by  any  of  the  other  usual 
rules  in  arithmetic,  and  in  which  the  required  numbers  do 
not  . ascend  above  the  first  power  : such,  for  example,  os 
most  of  the  quesiims  usually  brought  lu  exercist*  the  re- 
duction of  sim]  !e  equaiioiis  in  algebra.  But  it  mil  not 
bring  out  true  answers  vbcti  the  numbers  sought  ascend 
above  the  first  puwer;  for  then  the  results  are  not  pro- 
portional to  the  positicus,  or  supposed  numbers,  as  in  the 
single. i\ile;  nor  yet  the  errors  to  the  difference  of  the  true 
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numbvr  fttxi  each  posirion,  as  in  th«  doable  rale.  Yet  in 
all  such  cases,  il  is  a very  jiood  approximiAion,  and  in  cx* 
ponefkini  cqautiom,  as  wclf  as  in  many  oth^r  things,  it 
succeeds  Lrcltcr  than  perhaps  any  other  method  whatever. 

. Those  qursliom,  in  which  the  rrsults  are  proportional 
to  their  sup]rasitinus,  belong  to  single  position:  sucb'are 
those  whitli  require  tlie  mullipiicaiion  or  division  of  the 
num])cr  sought  by  ai*y  number^  or  in  which  it  is  to  be 
increased  or  dirninubed  by.iuelf  any  number  of  times,  or 
by  any  part  ODparts  of  it.  But  those  in  which  ^e  results 
are  not  proporiiunallo  tlieir  positions,  belong  to  tne  double 
rule:  such  are  those,  in  which  the  numbers  sought,  or 
their  multiples  or  parts,  are  increased  or  dimmhhcd  by 
some  given  absolute  number,  which  is  no  known  part  of 
the  number  sought. 

/a  Sis'GLF.  Position.  Suppose,  or  assume  any  num> 
ber  at  pleasure,  fur  the  number  sought,  and  proceed' with 
It  as  if  it  were  thf  true  number,  that  is,  perform  the  same 
Ojicruiiona  witii  U as,  in  the  question,  are  described  to  be 
performe^l  with  the  number  sought : then  if  the  resiill  of 
tho*c  opecalions  U*  the  same  with  tliui  mentioned  or  given 
111  the  qu«-sii«'u,  the  supposed  number  is  the  same  as  the 
true  one  that  was  required  ; but  if  it  be  not,  make  luis  pro- 
portion, vir.  as  tlie  result  is  to  that  in  the  question,  so  is 
the  supposed  faUe  number,  to  the  true  one  required. 

Examj/ie,  Snppo>c  that  a person,  after  spending  j and 
^ of  bis  money,  lias  yet  remaining  bO/.;  what  sum  bad  he 
at  first  ? 

Suppose  he  had  at  first  120/. 

Now  \ of  120  is  .40 

, and  I of  il  is  30 

their  sum  is  70 

which  taken  from  ICO 
leaves  rcinaimng  30,  instead  of  60. 

Therefore  as  50 : 60^ : ICO : 144  the  sum  at  first. 

Proqf.  ^of  I44U  48 

I of  it  is  $6 

their  sum  84 

taken  from  144 

leaves  just  60  as  per  quest. 

7b  taorX'  hy  the  Double  Rule  nf  PositIon. 

In  this  rule,  make  two  different  suppositions,  or  assump- 
tions and  work  or  perform  the  operations  with  each,  dc- 
$Crib(*<l  in  the  question,  exactly  as  in  the  single  rule;  and 
if  neither  of  the  supposed  numbers  solve  the  question,  that 
IS,  produce  a result  agreeing  with  iba%.in  the  question; 
then  observe  ihg  errors,  or  how  much  ench  of  the  false  re- 
sults differs  from  the  tru^  ohc,  and  also  uluMber  they  are 
too  great  or  too  little;  marking  them  with  when  too 
great,  and  with  — when  too  little.  Next  multiply,  emss- 
wise,  each  position  by  the  error  of  the  other;  and  if  the 
errors  U*  of  the  same  affection,  that  is  bulb  -i-,or  both  — , 
subtract  the  one  product  from  the  other,  as  also  the  one 
error  from  the  other,  and  divide  the  former  of  these  two 
remainden  hy*  i|ie  lattef,  for  the  answer,  or  number, 
sought.  But  if  the  errors  be  unlike,  that  is,  the  one  4, 
and  the  other  add  the  two  products  together, and  also 
the  two  errors  together,  and  divide  the  former  sum  by  the 
laurr,  for  the  answer. 

Rule  C*  Multiply  the  difference  of  the  two  ts'*umed 
numbers  by  om*  of  the  errors,  and  divide  the  product  by 
the  difference  of  the  results,  the  quotient  will  be  the  cor- 
rection of  the  assumed  number  belonging  to  that  error  : 
Then  add  this  quotient  or  correction  to  the  said  assumed 


number  when  it  is  too  small,  but  subtract  it  when  too 
great,  to  give  the  answer.  * 

This  rule  of  position,  or  triaband-eh'or,  is  a godd  gene- 
ral way  of  approNiroating  to  the  roots  of  the  higher  equa- 
tions, to  whicl}  it  may  1h*  applied  even  before  the  equa- 
tion is  reduced  tp  a final  or  simple  state,  by  which  it  often 
saves  much  trouble  in  such  reductions.  It  is  also  emi** 
nently  useful  in  resolving  exponential  equations,  and  equa- 
tidhs  involving  arcs,  or  sines,  5cc,  or  logarithms,  and  in 
short  ill  any  equations  that  an*  very  intricate  and  difficult. 
And  even  in  the  exiractioti  of  the  higher  roots  of  common 
numbers,  il  may  be  very  usefully  applied.  For  examples, 
and  the  demonstration  of  the  rules,  see  the  1st  vol.  of*  my 
Coursie  of  Mathematics. 

The  rale  of  position  passed  from  tl^e  Moors  into  Europe, 
by  Spain  and  Italy,  along  with  their  algebja,  or  method 
of  equations,  which  was  probably  derived  from  the  former. 

Position,  in  Geometry,  respects  the  shuaiion.  bear- 
ing, or  direction  of  one  thing,  with  regard  to  another. 
And  Euclid  says,  Points,  lines,  aud  angles,  which  have 
and  keep  always  one  and  the  same  place  aud  situation, 
arc  said  to  be  given  by  position  or  situation.'*  Data, 
dcf.  4.  ‘ ^ 

POSITIVE  Surmtitietf  in  Algebra,  such  as  arc  of  a real, 
afliriiiative,  or  additive  nature  ; and  which  either  have,  or 
are  supposed  to  have,  the  affirmative  or  positive  sign  ■+■ 
before  them  ; as  a or  -t-  a,  or  3c,  &c.  It  is  used  in  con- 
tradistincliou  from  ncgaiiic  <;uantilies,  which  are  defective 
or  subductlvu  ones,  and  marked  l»>  the  sign  — ; as  — a, 
or  — a3. 

Positive  £/ecrrici(y.  In  ihe  Franklinlan  system,  all 
bodies  supposed  to  contain  more  than  ih^-ir  natural  quan- 
tity of  eicciitc  mutter,  aronid  to  be  positively  electrified  ; 
and  those  which  have  less  than  that  quantity,  are  said  to 
be  tlectnficd  iu!gativcly.  tIicsc  t>vo  electricities  being  at 
first  produced,  the  one  from  glass,  the  other  from  amber 
dr  rosin,  the  former  was  called  vitreous,  the  other  lesioous 
dcclficity.  . 

POfiT^RN,  or  Sally^-porl,  in  Fortificatfon,  a small  gate, 
usually  made  in  the  angle  of  tfib  flank  of  a bastion,  or  in 
that  of  the  cuflain,  or  near  the.orillon,  descending  into 
the  ditch  ; by  which  the  garrison  can  march  in  and  out, 
unpcrceivH  by  the  enemy,  cither  to  relieve  the  works,  or 
to  make  private  sallies,  li  means  also  any*  private  or 
back  door. 

POSTICUM,  in  Architecture,  the  pMtem  gate,  or 
back-door  of  any  fabric. 

POSTULATE,  a demand,  petition,  or  an  assertion  of 
so  obvious  a nature,  as  to  need  neither  demonstration  nor 
explication,  to  render  it  either  more  plain  or  certain.  This 
definition  will  nearly  agree  also  to  an  axiom,  which  is  a 
self-evident  theorem,  as  a postulate  is  a self-evident  pro. 
blctn. — Euclid  lays  down  these  three  postulates  in  his  Kle- 
ments ; vix,  1st,  That  from  ond  point  to  another  a lin«cao 
be  drawn.  2d,  That  a right  line  can  be  producail  out  at 
at  pleasure.  3d.  That  with  any  centre  and  radius  a circle 
may  be  described. — As  to  axioms,  he  has  a great  number ; 
as,  Tliat  two  things  which  are  equal  to  one  and  ibesamff 
thing,  arc  equal  to  each  other,  ^c. 

POTASH,  in  chemistry,  one  of  the  three  fixed  alkalies, 
procured  from  the  burnt  ashes  Of  vegetables,  by  com- 
bustion in  iron  or  other  pots;  whence*  the  compound 
pul-asb. 

POTASSIUM,  a recently  discoveredand  very  singular 
metal,  obtained  'by  peculiar  management,  from  pbi-a«fa. 
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in  nioili  rn  clicnii»uy  con  only  be  regarded  us  iu 
o.xytl.  . ^ 

FOUND,  a certain  weight;  which  is  of  two  kind»,  viz, 
the  pound  trov,  and  (bf  pound  avoiidupois ; the  funner 
consisting  of  H ounces  troy,  and  tiie  latter  of  l6  ounces 
iivoirdupois.  I'lie  pound  troy  is  to  the  pound  avuirdujKjit 
as  *^7^0  to  699*)f,  or  nearly  57(>  to  700.* 

PouK  D alM>  is  an  titiaginary  money  used  in  accounting, 
in  several  countiics.  Thus,  in  England  there  is  the  pound 
sterling,  containing  in  value  20  shillings;  in  France  the 
pound  or  livre  TournoU  and  Purisis;  in  liolland  and 
Fhniden,  a pound  or  livrc  dc  grus,  ^tc.— The  term  arose 
from  hence,  that  the  ancient  pound  sterling,  though  U 
only  contained  240  pence,  as  ours  dues;  yet  each  penny 
being  ec^uul  to  five  of  ours,  the  pound  of  sliver  weighed  a 
pound  troy-  , 

FOUNDER,  in  Artillery,  a term  used  to  expre«  a cer- 
tain weight  of  shot  or  bail,  or  how  many  pounds  weight 
the  pioper  ball  il  for  any  cannon  : as  a 24  pounder,  a 12 
pounder,  drc. 

POWDEIL  Can.  See  G¥XPOWder. 

Pow  DE  R-Triert,  Sec  1>  R o v vette. 

POWER,  in  Meclinnics,  denotes  some  force  which, 
being  applied  to  a machine,  tends  to  produce  motion ; 
whether  it  dors  actually  produce  it  or  nut.  In  the  for- 
mer case,  it  is  called  a utoving  |M>wer;  in  the  latter,  a 
sustaining  power.. 

Power  is  also  used  in  Mechanics^  for  any  of  the  six 
limptc  machines,  viz,  the  lever,  the  balance,  the  screw, 
the  wheeVand  axle,  the  Wi-dgc,  and  the  pulley. 

Power  qf  a Gftiu,  in  Optics,  is  uu*d  for  the  distance 
between  the  convexity  and  the  M^lar  focus. 

Power,  in  Arithmetic,  fhc  produce  of  a number,  or 
other  quantity,  arising  by  multiplying  it  by  itself,  any 
number  of  limes.  Any  numln^^  is  called  the  lirst  qrsii>g)e 
puwer.  of  itself.  If  it  be' multiplied  once  by  itMdf,  the  pro- 
duct U the  second  power,  or  square ; if  this  be  inultiplie<\ 
by  the  first  power  again,  the  product  is  the  tbiid  power, 
or  cube ; if  this*be  muUipircd  by  the  lirst  power  again, 
the  product  is  the  fourth  power,  or  biquadratic  ; and  so 
on  ; the|Hiwer  being  ulways  denominated  from  the  number 
which  cxceodz  the  multii>licatinns  by  one  or  unity,  which 
number  is  called  the  index  or  exponent  of  the  power,  and 
is  usually  set  at  the  up|u.‘r  *curmT  towards  the  right  of  the 
given  quaulity  or  root,  to  denote  or  express  the  power. 
'I’bus,  3 or  3*  = 3 is  the  1st  powi  r of  3, 

3 X 3 or  3’  = 9 i*  *lie  2d  power  of  3,' 

3*  X 3 or  3’  = 27  is  the  3d  power  of  3, 

, 3'  X 3 or  3*  = 81  is  the  4th  power  of  3, 

‘ vHc.  &1C. 

Hence,  to  raise  a quantity  to  a given  power,  is  the  same 
as  to  find  the  product  arising  from  its  being  multiplied  by 
itself  a certain  number  of  times  ; for  example  to  raise  2 
to  the  3d  power,  is  the  saint  thing  as  to  find  (he  faClum, 
or  product  8 = 2 X 2 x 2.  The  operation  of  raising 
powers,  IS  callixl  Involution. 

Powers,  of  the  same  degree,  are  to  one  another  in  the 
ratio  of  the  roots  us  manifold  as  their  common  exponent 
contains  units  : thus,  squares  are  In  a duplicate  ratjo  of 
the  roots;  cubes  in  a triplicate  ratio;  4lb  powers  in  a <jua- 
dniplicate  ratio.— And  the  powers  of  proportional  quan- 
tities are  also  proportional  to  one  another : so,  ifa : ^ : :c  : d, 
then,  in  any  powers  also,  : 6*  : : c"  : d". 

The  particular  names  of  the  several  powerv,  as  intro- 
duced by  the  Arabians,  were,  square,  cube,  quadratoqua- 


datum  or  biquadnste,  sursolid,  cube  squared,  second  sur- 
solid,  quadrato^uadrato-quudraluni,  cube  of  the  cube, 
square  of  the  sursolid,  third  sursolid,  and  so  on,  accufdmg 
to  the  products  of  the  indices. , 

And  the  names  given  by  Diophanlus,  w ho  is  followed 
by  Vieta  and  Oughtrcd,are,  the  side  or  root,  scjuare,  cube, 
quadrato-quadralum,  quadiato-cubus,  cubo-cubus,  qua- 
drato-quadrato-cubus,  quadrato-cubo-cubus,  cubo-cubo- 
rubus,  &c,  according  lo  the  turns  of  the  indices. 

Bui  the  moderns,  after  Harriot  and  Descartes,  are  con- 
tented to  SisiinguUh  most  of  the  powers  by  the  exponents; 
as  1st,  2d,  3d,  4lb,  &c. 

The  characters  by  which  the  several  powers  arc  denoted, 
both  in.  the  Arabic  and  CarU*siau  noUiion,  are  thus ; 

Arab.  iRqcOqtt^Bsta  be 

Carl.  u*  a*  o*  a*  o*  a®  o'  a* 

1 2 4 8 16'  32  6'4  128  236  312 

Hence,  1st.  The  powers  of  any  quantity,  form  a scries 
of  geometrical  proportionals,  and  their  exponents  a senes 
,of  arithrr^tical  proportionals, in  such  sort  that  the  adtliiioa 
of  the  latter  answers  to  the  multiplication  of  the  former, 
and  the  subtraction  of  the  latter  answers  to  ilie  iliv  isiou  of 
the  former,  ^«c;  or  in  short,  that  the  latter,  or  cxpoiieoi>, 
are  as  the  logarithms  of  the  former,  or  poweis. 

Thus,  o'  X a'  =s  o’,  and  2 -t-  3 = 3 ; 

4 X 8 = 32; 

also  o'  -r  o’  a\  and  3 — 3 os  2 ; 

32  ^ 8 = 4. 

2d.  The  0 Power  of  any  quantity,  as  a",  U = 1. 

3d.  Powers  of  the  same  quaniily  are  multiplied,  by  add- 
ing their  exponents : Thus, 

Mult.  «*  X*  y"  a"  o’ 

by  o*  J*  y" 

Prod.  o'  a* 

4lh.  Powers  are  divided  l^' subtracting  their  cxptwiehts. 
Div.  o’  X*  1*+*  «'-*■* 

by  a'  y”  ^ g*  

Quot.  u*  X*  y™  X"  o" 

5th.  Powers  are  nUo  considered  as  negative  ones,  or 
having  negative  exponents,  when  they  denote  a diviMir,  or 

the  denominator  of  a fraction.  So  = n \ and  = 
Qa  and  &c.  And  hence  any  quanlity  may 

3T 

iic  changed  from  the  denominator  to  the  numerator,  or 
from  a divi»or  to  a multiplier,  or  vice  veraa,  by  changing 
the  sign  of  its  exjipneiit;  ami  the  whole  series  of  powers 
proceeds  indefinitely  both  ways  from  1 or  the  O power,  po- 
sitive on  the  one  hand,  and  negative  on  the  other.  Thus, 

• &c  a *"' a a ■' a '*  0*  o * a*  a*  o*  &c, 

or,&rc-!r  4 -r  --  1 ® a'o’a^&c. 

ft*  a*  a a 

Powers  are  also  denoted  with  fractional  exponenu,*or 
even  with  surd  or  irrational  ones;  and  then  the  numejap 
tor  denotes  the  power  raised  to,  and  the  denominator  the 
exponent  of  some  robt  to  be  extracted  : Thtis, 

=0^,  and  and  3tc.  These  arc 

sumeiimes  called  impcifeci  pi.wers,  or  surds. 

\Vhen  the  quanlity  to  be  raised  to  any  power  is  positive, 
all  us  powers  musf  be  positive.  And  when  the  radich! 
qu.citity  is  negative,  yet  all  lU  even  powers  must’be  posi- 
tive : because  — x — gives  -e  : the  odd  powers  only  be*- 
ing  negative,  or  when  their  exponents  are  odd  numbers: 
Ibui,  the  powers  of  — a, 
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»rc  -*•  J,  — «%  — «*,  •“  a*,  ■+•  a*,  &c. 

where  the  e\c*i  p©wcr»  a®  ire  posiiive, 

and  the  odd  powers  o,  4^  a'  are  negative. 

Hence,  if  a power  have  a negative  sign,  no  even  root  of  it 
can  be  assigned;  since  no  quaolhy  inultiplinl  by  itself  an 
c\rn  number  of  limes,  can  give  a negative  product.  Thus 
^ — or  the  square  or  2d  root  of— a%  cannot  be  assigned ; 
and  is  called  an  impossible  foot,  or  an  imaginaiy*  quantity. 
Every  power  has  as  many  roots,  real  and  imaginary,  as 
there  are  units  in  the  exponent 


reduced  to  the  laws  observed  in  the  foregoing  table,  for 
which  reason  tbit  power  ia  there  omitted.  * ' • 

Any  power  of  the  natural  numbers  Ij  8,  3,  4,  5, 6,  Ac, 
as  the  nth  power,  has  as  many  orders  of  differences  as  there 
are  units  in  the  common  exponent  of  all  the  numbers; 
and  the  last  of  those  differences  it  a constant  quantity,  and  • 
equal  to  the  continual  product  Ix2x3x4>x  -••• 
••  X a,  continued  till  the  last  factor,  or  the  number  of  fac* 
tors,  he  fi,  the  exponent  of  the  powers.  Thus, 
the  1st  powers,  I , 2 , 3 , 4 , 5 , Ac,  have  but  one  order 


.M.  Lahire  gives  a very  odd  propeily  common  (|g  all  of  differences  1111  Ac,and<hatdiffcrenceisl. 


powers.  Carru  had  observed  with  regard  to  the  nuin 
ber  6,  that  all  the  natural  cubic  numbers,  8,  27,64,  125, 
having  their  roots  less  than  6,  boin'g  dfvidfd  by  6,  the  re- 
mainder of  (be  division  is  the  root  itself ; and  if  we  go  far- 
ther, 216,  the  cube  of  6,  being  divided  by  6,  leaves  no  re- 
mainder ; but  the  divisor  6 is  itself  the  root.  Again,  343, 
the  cube  of  7*  being  divided  by  6,  leaves  1 ; which  added 
to  the  divisor  6,  makes  the  root  7,  Ac.  M.  Lahire,  on 


The  2d  pwrs,  I • 4^  p , I6 , 25,  Ac,  have  two  orders  of 
differences  3 5 7 P • * 

2 2 2 

4i]d  the  last  of  these  is  8 =s  1 x 2. 

'ilie  Sd  pwrs.  1 , 8 , 27 , 64 , 125  , Ac,  have  three  orders 
of  di^erences  7 IP  37  6l 
12  18  24 
6 6 


considering  this,  has  found  that  all  numbers,  raised  to  any  and  the  last  of  these  is  6 = 1 x 8 x 3. 

■ ji_: l:_l  I .1 t..  IlL..  ^>1.  ...  !..• 


power  whatever,  have  divisors,  which  have  the  same  effect 
with  ft'gard  to  them,  that  6 has  with  regard  to  cubic  num- 
bers- For  finding  these  divisors,  he  discovered  the  follow- 
ing general  rule,  vix,  If  the  exponent  of  the  power  of  a 
number  be  even,  i.e.  if  the  number  be  raised  to  the  2d, 
4th,  6th,  Ac,  power,  it  must  be  divided  by  2;  the  remain- 
der of  the  division,  when  there  ia  any,  added  to  2,  or  to  a 
multiple  of  2,  gives  the  root  of  this  number,  corresponding 
U>  its  power,  i.  e«  the  2d,  4th,  6th,  Ac  rooL 


III  like  manner,  the  4th  or  last  differences  of  the  4ih 
powers,  are  each  24  =1  x 2x  3x4;  and  the  5tb  or 
last  differences  of  the  5th  powers,  are  each  120  = 1x2 
X 3 X 4 X 5.  And  so  on.  Which  property  was  ffrst 
nolicrd  by  Pelctarius. 

And  the  same  is  true  of  the  powers  of  any  other  arith- 
metical progression  1,1  -t-  d,  1 2(f,  1 3d,  Ac, 

via,  I.  (I  1-  a)*,  (1  2d}«,  (I  3d)",  Ac. 

the  number  of  (be  orders  of  differences  being  still  (he  same 


Hut  if  the  exponent  of  the  power  be  an  uiHwcn  number,  exponent  n*  and  the  last  of  those  orders  each  equal  to 

a.  e.  iflhenumber  be  raised  to  the  3d,  5ih,  7th,  Ac  power;  1 x 2 x 3 ad",  the  same  product  of  factors 

ilic  double  of  this  exponent  will  be  the  divisor,  which  has  “ before,  multiplied  by  the  same  power  of  the  common 
the  property  abovemeniioned.  Thus  is  it  found  in  6,  the  difference  d of  the  series  of  roots : as  was  shown  by  Briggs, 
double  of  3,  the  exponent  of  the  power  of  the  cubes:  so  And  henoe  arises  a very  easy  and  general  way  of  raising 
also  10, the  double  of  5,  is  the  divisorofall  5tb  powers;  Ac.  the  powers  of  all  the  natural  numbers,  vix,  by  common 
If  r be  a prime  number,  and  n any  number  not  divisible  addition  only,  beginning  at  the  last  differences,  and  add 


by  r,  then  n',  being  divided  by  r,  will  leave  the  same  re- 
mainder, ns  a when  divided  by  the  same  number:  and 

hence  it  follows  tbat  always  an  integer;  and  since 

H is  prime  to  r,  therefore  " ^ ^ is  always  an  integer  when 
r i»  a prime  number  and  n prime  to  r.  This  it  a very  im- 
portant theorem  in  the  theory  of  numbers,  the  invention 
of  which  is  due  to  Fermat,  though  the  demonstration  of  it 
was  fint  given  by  Euler  in  the  Petersburg  Memoirs. 

By  means  Of  this  theorem  we  readily  deduce  (be  foltow- 
^ing  table  of  the  forms  of  powers,  with  regard  to  certain 
numbers  taken  as  moduli.  Thus  all  « 

2nd  powers  are  of  the  form  5a  or 
3d  powers  -----  7a  or 
4lh  powers  - - - - - 5a  or 

5tb  powers  ... 

6ih  powers  • - • 

. 8lh  powers  - 

<)th  powers  ... 

10th  powers  . • - 
11th  powers  ♦ 

12(h  powers  ... 

And  generally  if  m ■+■  I is  a prime  number,  then  j"*  is  of 
one  of  the  forms  (m  4-  4)n  or  (w  + l)a  ■+■  I.  And  if 
‘iw  1 be  a prime,  then  x*  is  of  one  of  the  tbri'e  forms 
(«  4*  l)a  or  (m  l)«  ± 1.  And  aince  neither  7 1 

nor  2 7 1 is  a prime,  ibercfori:  7th  powers  cannot  be 

VoL.  II. 


5a  ± I 
7n±  1 
5a  -f-  I 

- - ] la  04*  I la  -f-  1 

• • 13a  or  I3a  ± 1 

- 17a  or  17a  ± 1 

- - 19a  or  19"  ± I 

- - I la  or  11"  ± 1 

- - 23a  or  23a  ± 1 

- - 13a  or  ISn  -»•  I 


ing  (hem  all  continually,  oqe  efb*r  another,  up  to  the 
powers  themselves.  Thus,  to  generate  the  series  of 
cubes,  or  3d  powers,  sdding  always  6,  the  common  3d  dif- 
ference gives  the  2d  differences  12,3  8,  24,  Ac;  and  these 
added  to  (be  1st  of  the  1st  differences  7,  gives  (be  rest  of 
(be  Mid  1st  differences  ; and  these  again  added  to  the  1st 
cube  1,  gives  the  mt  of  the  series  of  cubes,  8,  27,64,  Ac, 
as  below. 

3dD. 


OmmenntTabU  in  Power,  is  said  of  quantities  which, 
though  not  Commensurable  themselves,  have  tbeirsquares, 
or  some  other  power  of  them,  commensurable.  Euclid 
confines  it  to  squares.  Hias,  the  diagonal  and  side  of  a 
square  are  commensurable  in  power,  (heir  squares  being 
as  8 to  1,  or  commensurable;  though  they  arc  not  com- 
mensurable themselves,  being  as  v^2  to  t. 

Power  qf  on  Ifyperbolaf  is  the  square  of  the  4th  part 
of  the  conjugate  axis. 

PRACTICAL  Arithmetic,  Geometry,  Mathematics, 
2 G 
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&c,  j«  tb«  part  that  r^garda  the  pracUcet  or  application, 
as  diftinguisbetl  from  the  ibraretical  part. 

PRACTICE,  in  Arithmetic,  is  a rule  which  expeditious- 
ly and  compendiously  amtvers  i]UC>tioiis  in  the  {^dden 
rule,  or  rule-of-thrcc,  espocially  when  the  first  term  is  1. 
See  rules  for  this  purpose  in  ail  the  books  of  practical 
ariihmeiic.  * 

PRECESSION  of  thf  B/M/aores,  is  a very  slow  motion 
of  them,  by  which  they  change  their  place,  going  from  east 
to  west,  or  backward,  in  atUeccHeTt/ia,  as  a-*>tronomeri  call 
it,  or  contrary  to  the  order  of  the  signs.  From  the  laic 
improvements  in  astronomy  it  appears,  (hat  the  pole,  the 
solstices,  the  equinoxes,  and  all  the  other  points  of  the 
ecliptic,  have  a retrograde  motion,  and  arc  constantly 
moving  from  cast  to  west,  or  frrrra  Aries  towards  Pisces,' 
<ikc;  hy  means  of  which,  the  equinoctial  points  arc  carried 
farther  and  farther  back,  among  the  preceding  signs  or 
stars,  at  the  rate  of  about  50"-|-  each  year;  which  rt'tro* 
grade  motion  is  ratUd  the  Precession,  Recession,  or  Retro- 
cession  of  the  lujuinoxes. 

Hence,  as  the  stars  remain  nearly  imnio\Table,  and  the 
equinoxes  go  backward,  the  stars  will  seem  to  move  more 
and  more  ettHluard  with  respect  to  them;  for  which  rea- 
son the  longitudes  of  all  the  stars,  being  reckoned  from  the 
first  point  of  Aric%  or  the  vernal  e(|uinox,im‘  continually 
increasing.  From  this  cause  it  is,  that  the  constellations 
seem  all  to  have  changpLii  the  places  assigned  to  them  by 
the  ancient  astronomers.  In  the  time  of  Hipparchus,  and 
the  olde^t  astronomers,  the  equinoctial  pointawcrc  fixed 
to  the  first  stars  of  Aries  and  labra : but  the  signs  do  not 
now  answer  to  the  same  points;  and  the  stars  which  were 
then  in  conjunction  with  the  sun  when  he  was  in  the  equi- 
nox, are  now  a whole  sign,  or  30  degrees,  to  the  eastward 
of  it:  so,  the  first  stir  of  Aries  is  now  in  the  portion  of 
the  ecliptic,  called  Taurus;  and  the  stars  of  Taurus  are 
now  in  Gemtm;  and  those  of  Gemini  in  Cancer;  and 
so  on.  • 

This  seeming  change  of  placfe  in  the  stars  was  first  ob- 
served by  Hipparchus  of  Rhodes,  who,  12S  years  before 
Christ,  found  (bat  the  longitudi'it  of  the  stars  in  his  time 
were  greater  than  they  had  been  before  obKTvid  by  Timo- 
clutres,  and  than  (hey  wery  in  the  sphere  of  F.udoxus,  who 
WTOt*  330  years  before  Christ.  Ptolemy  also  perevived 
the  gradual  change  in  the  longitudes  of  the  st%rs;  but  he 
stated  the  quantify  at  too  little,  making  it  but  1^  in  100 
years,  which  is  at  the  rate  of  only  36"  per  year.  Y-hong, 
m Chinese,  in  the  year  721,  slated  (he  quantity  of  this 
change  at  1°  in  83  years,  which  is  at  the  rate  of  43"  4 p«T 
year.  Other  mure  modern  asirunumerB  have  made  this 
precession  still  more,  but  with  some  small  dlffcrmces  from 
each  other;  and  it  is  now  usually  taken  at  60"f  per  year. 
All  these  rates  are  deduced  from  a comparison  uf  the  lon- 
gitude of  certain  stars  as  observed  by  more  ancient  astro- 
nomers, with  the  later  observations  of  the  same  stars;  viz, 
by  subtracting  the  former  from  the  latter,  aud  dividing  the 
remainder  by  the  number  of  years  in  the  intcrral  bt  iwt-cn 
the  dates  of  the  obaervations.  Thus,  by  a medium  of  a 
great  number  of  comparisons,  the  quantity  of  the  annual 
change  has  been  fixed  at 

Thus,  by  taking  the  longitudes  of  ihc  principal  star* 
establishrd  by  Tycho  Hrah6,  in  his  bonk  Astronumw  In- 
stauretoi  Progymnatimnia.  |ia.  208  and  232,  for  the  begin- 
ning of  1586,  and  comparing  them  with  the  same  as  de- 
termined (or  the  year  1750,  by  M.  Lacaille,  for  that  in- 
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gives  50"’336, 

terval  of  164  years,  there  will  be  obtained  the  following 
difictrences  of  longitude  of  several  starsj  viz, 
y Arietis  - • • 

Aidcbaran 
fA  Geminoruro 
jS  Geminorum 
Reguius 
a Virginis 
A Aquils 
a P«*gsiki 
/3«Librx 
Anlures, 
c Tauri 
y Geminorum 
y Cancri 
y Leonis 
y ('apricorni 
Medium  of  these  15  stars 
which  divided  by  164,  the  inb 
or  nearly  50"},  or  aRcr  the  rate  of*  l'*  23'  53"^  in  IW 
years.  And  nearly  the  same  conclusion  rcsulfs  Irom  the 
longitudes  of  the  stars  in  the  Rritannic  catalogue,  com- 
pan.‘d  with  those  uf  the  slili  later  catalogue.  See  Lalande's 
Astronomy,  in  several  places. 

.Mr.  Mayer,  in  the  comtruction  of  his  tables,  assumed 
the  preccssiun  of  the  equinoxes,  or  the  annual  motions 
of  the  fixed  stars  in  longitude,  to  be  exactly  50"-3,  with- 
out paying  any  regard  to  the  alteration  of  the  place  of  tfie 
equinox  arising  from  the  translation  of 'the  plane  of  the 
ecliptic  by  the  action  of  the  planets.  Dr.  Bradley,  by 
comparing  his  own  observations  of  declinations  of  stars,* 
lying  on  both  sides  of  the  equinoctial  colure,  with  the  like 
observatiuns  of  Tycho  Brahe,  found  (he  precession  of  the 
equinoxes  in  longitude,  to  be  exactly  I®  in  7\\  years,  or 
at  the  rate  of  50"*35  in  a year,  which  if  evidently  what 
arises  from  the  motion  of  the  plane  of  the  equator  alone, 
being  timi  which  is  occasioned  by  the  actions  of  the  sun 
and  moon  on  the  spbrruidal  figure  of  ihe  earth.  But  the 
equinoctial  point  is  also  altered,  though  in  a far  less  de- 
gree, by  the  continuni  motion  of  the  plane  of  the  ecliptic, 
owing  to  the  action  of  the  pl.inew,  and  gws  forward  CT‘I5 
in  a year,  from  that  cause,  along  the  ecliptic,  which  will 
diminish  the  precession  of  the  equinoxes,  on  the  »pparent 
annual  motions  of  the  fixed  stars,  lying  near  the  plane  of 
the  ecliptic,  in  longitude  as  much,  and  sd  reduce  them 
from  50"  35  to  50"*20  or  50"-y.  Sec  Naiit,  Ephemer.  fur 
1797,  the  preface. 

Taking  therefore  50'-f  for  the  true  mean  annu.il  pre- 
cession of  the  equinoxes,  at  this  rate  it  •wilt  require 
25,Sl6j  years  for  the  equinoxt's  lu  make  their  revolution 
westward  quite  around  rhe  circle,  and  return  to  the  same 
point  again. 

The  uiicients,flnd  even  some  of  the  moderns,  have  taken 
(be equinoxes  to  t>e  imnioveable ; and  ascribed  that  change 
in  the  distance  of  ih?*  stars  from  it,  to  a real  motion  of  ilse 
orb  of  the  fixed  stars,  which  they  suf|K>sed  had  a slow  re- 
volution about  the  |ioles  of  tlie  ecliptic  ; so  as  that  all  the 
stars  ju  rferm  their  circuits  in  the  ecliptic,  or  its  parallels, 
in  the  «pacc  of  25,791  yfufs ; after  wnich  they  should  all 
return  again  to  (hetr  former  phici's. 

This  period  the  ancients  catkd  the  IMntonic,  or  great 
year;  and  imagined  that  at  its  completion  every  thing 
would  begin  us  at  first,  and  all  things  come  round  in  the 
same  order  as  they  have  duno  Liiffon*. 
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Tbe  phenomena  of  this  retrograde  rootioo  of  the  cqui> 
noxvs,  or  ittcrhcctions  of  the  equinoctial  with  the  ecliptic, 
mk)  con»oqucmly  of  the  conical  motion  of  tbe  earthy  axis, 
by  which  the  pole  of  the  equator  describes  a small  circle 
in  the  »ame  period  of  time,  may  be  understood  and  illus- 
trated by  a »cheme,  as  follows:  Let  NzsvL  be  the  earth, 
aoMA  its  axis  produced  to  the  starr)’  heavens,  and  ter- 
minating iti  A,  ifie  pn*seiu  north  pe>le  of  tbe  heavens, 
which  is  vertical  to  n,  tlie  north  pule  of  the  earth.  Let 
soQ  be  tbe  c<|uator,  tsbe  the  tropic  of  cancer,  and 
the  tropic  of  Capricorn;  voz  the  ecliptic,  and  do  its  axis, 
both  of  which  are  immoveable  among  the  stars.  But  as 
the  equinoctial  points  recede  tu  the  echptic,  the  earth's 
axis  SUN  is  in  motion  upon  the  earth’s  centre  o,  in  such 
a manner  as  to  describe  the  double  cone  von  and  sor, 


round  lha  axis  of  the  ecliptic  do,  in  the  lime  that  the 
equinoctial  points  move  round  the  ecliptic,  which  is  25,75^1 
years ; and  in  that  length  of  time,  the  north  pole  of  the 
earth's  axis,  produced,  describes  the  circle  abcda  in  the 
starry  heavens,  round  rhe  pole  of  the  ecliptic,  which  kei'ps 
immoveable  in  the  centre  of  that  circle*  The  earth’s 
being  now  28'  inclined  to  the  axis  of  the  ecliptic,  the 
circle  AUCDA,  described  by  the  north  pole  of  the  earth’s 
axis  produced  to  a,  is  46^^  5(?  in  diameter,  or  double  the 
inclination  of  the  earth’s  axis.  In  corrsequence  of  this, 
tbe  point  A,  which  is  at  present  the  north  of  the 
heavens,  and  near  to  a star  of  the  2d  magnitude  in  the  end 
of  the  Little  Bear’s  Uul,  must  bo  deserted  by  the  earth’s 
axis;  which  raving  backwards  I degiee every  71|  years 
nearly,  will  bo  directed  towards  the  star  or  point  b in 
6'4-t7|  years  hence ; and  in  double  of  that  time,  or  12,895.^ 
years,  it  will  be  directed  towards  the  star  or  point  c;  which 
will  then  be  the  north  pole  of  the  heavens,  though  it  is  at 
present  8^  degrees  south  of  the  zenith  of  London  L.  Tbet* 


present  position  of  the  equator  xoq  will  then  be  changed 
intueuf,  the  tropic  of  cancer  tszx  into  vig,  and  the  tropic 
of  capricorn  ’V'tif  into  t}^2;  as  is  evident  by  the  figure. 
And  the 
now  ov 

shortest  days  and  longest  nights  in  the  northern  hemisphere, 
will  then  be  over  tfie  earthly  tropic  of  cancer,  and  make 
the  days  luiii'csl  and  nights  shortest.  So  that  it  will  re- 
quire 12,89^1  years  yet  more,  or  from  that  time,  to  bring 
the  north  pole  n quite  round,  so  as  to  be  directed  toward' 
that  point  of  the  heavens  which  is  vertical  to  it  at  present. 


them  all  the  signs  of  the  ecliptic,  it  follows,  that  those 
stars  which  in  the  infancy  of  astronomy  were  in  Acics,  arc 
now  found  in  Taurus;  those'  of  Taurus  in  Gemini,  ded. 
Hence  likewise  it  is,  that  the  stars  wbicli  rose  or  set  at 
any  particular  syasun  of  the  year,  in  the  thnes  of  Hesiod, 
Eudoxus,  V’irgil,  Pliny,  &c,  by  no  means  answer  at  lliis 
time  to  their  dcacriptions. 

As  to  tbe  physical  cause  of  the  precession  of  the  equi* 
HOXC3,  sir  Isaac  Newton  demonstrates,  that  it  arises  from 
the  broad  or  fiat  spberuidal  figure  'of  the  earth ; which 
itself  arises  from  the  earth’s  rotation  about  its  axis:  for  as 
more  matter  bos  thu^  been  accumulated  all  round  the  equa- 
torial parts,  than  any  where  else  on  the  earth,  the  sun  and 
moon,  when  on  cither  side  of  the  equator,  by  attracting 
this  redundant  matter,  bring  tbe  equator  sooner  under 
them,  in  every  return  towards  it,  than  if  there  were  no 
such  accumululion. 

Sir  Isaac  Newton,  in  determining  the  quantity  of  the 
annual  precession  from  tbe  theory  uf  gravity^  on  supposi- 
tion that  the  equatorial  diameter  of  the  earth  is  to  the 
polar  diameter,  as  280  to  229,  l^^ds  the  sun’s  action  suf- 
ficient to  produce  a precession  of  9"i  only;  and  colleciirig 
from  the  tides  the  proportion  between  (he  sun’s  force  and 
the  moon’s  to  be  as  1 to  4l,  he  settles  the  mean  preceMiuti 
resulting  from  their  joint  actions,  at  80";  which,  it  must 
be  owned,  it  nearly  the  same  as  it  has  siiice  been  found 
by  the  bist  observations;  and  yet  several  utlior  matheiiia- 
Itcians  have  since  objected  to  the  truth  of  Newton’s  com- 
putation. 

Indeed,  to deterroinethe  quantity  of  the  procession  arising 
from  the  action  uf  the  sun,  is  a problem  that  has  been 
much  agitated  among  modern  niatbemaiicians;  and  though 
they  seem  to  agree  as  to  Newton’s  misluke  in  the  solution 
of  it,  they  have  yet  generally  disagreed  from  one  aitoiher. 
Dalcmbert,  in  I749>  prinlcd  a treatise  on  this  subject,  and 
claims  the  honour  of  having  been  tbe  first  who  rightly  de- 
termined (be  method  of  resolving  problems  of  this  kind. 
The  subject  has  been  also  considered  by  Euler,  Frisi,  Sil- 
vabellc,  Walmcsley,  Simpson,  Knicpon,  Laplace,  La- 
grange, linden,  Milner,  and  Vince. 

M.  Siivabcllc,  stating  tbe  ratio  uf  the  earth’s  axis  to  be 
that  of  178  to  177,  makes  ^ 

the  annual  precession  caused  by  the  sun  Id"  ST*", 
and  that  of  the  moon  - * 34  17 ; 

making  the  ratio  of  the  lunar  force  to  the  solar,  to  be  that 
of  8 to  2 : also  the  nutation  of  the  earth’s  axis  caused  by 
the  moon,  during  the  time  of  a semirevoluiion  of  the  pole 
of  the  moon's  orbit,  i.c.  in  9|  years,  he  makes  17''  81'". 
VValmrsIey,  on  the  supposition  that  (be  ratio  of  the 


earth’s  diameters  is  that  of  2J0  to.229>  and  the  obliquity 
of  the  ecliptic  to  the  equator  23*  2S'  30",  makes  the  an- 
nual precession,  owing  to  the  sun's  force,  equal  to  lo"'883; 
le  san,  in  the  same  part  of  the  heavens  where  he  is  but  supposing  the  ratio  of  the  diameters  to  be  that  of  178 
a*r  the  earthly  tropic  of  capricorn,  and  makes  tbe  to  I77»  that  precession  will  be  I3"'6’78. — Mr.  Simpson, 

by  a different  method  of  calculation,  delermine*  tbe  w hole 
annual  precession  of  the  equirmxi'S  caused  by  the  sun,  at 
21"  O’";  and  he  has  pointed  out  the  errors  of  the  compu- 
tations proposed  by  Silvabelie  and  Walnu'sley.— Mr.  Mil- 
ner’s deduction  agrees  with  that  of  Mr. Simpson,  as  well 
as  Mr.  Vince's;  and  their  paptm  cuntajn  besides  several 


And  then,  and  hot  lili  ihrii,  the  same  stars  which  at  pre-'  curious  particulars  relative  to  this  subject.  But  for  the 
sent  describe  the  cquatoi,  tropics,  and  polar  circles,  &c,  various  principles  and  rtuvonings  of  iheH*  matliematicians, 
by  the  earth's  diurnal  motion,  wilt  describe  them  over  see  Philos.  Trans,  vol.  48^  pa.  388;  vol.  49,  pa.  7t>4; 
again.  vol.  69,  pa.  808;  and  vol.  77t  pa.  3&3;  as  also  the  tyritiiigs 

From  ibis  movement  of  the  equinoctial  points,  and  with  of  Simpoou,  Emerson,  Landeii,  &c  ; also  Lalandu's  Aatro- 
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iiomic,.  and  (he  Memoirs  of  (he  Acad.  Sci.  in  several 
|jtacc«.* 

- As  to  the  effect  of  the  planets  on  the  equinoctial  points, 
Laiplace,  in  .his  new  researches  on  this  article,  finds  that 
their  action  cause's  those  points  to  advance  by  0'^*S01C  in 
A year,  alou^  the  equator,  or  0''*1649  along  the  ecliptic  ; 
whence  it  tuliows  that  the  quantity  of  the  luiii*solar  pre- 
cession must  be  5U"'4:}49»  since  the  total  observ^'d  pre- 
cession Is  5(fi,  or 

To  find  the  Precession  in  right  ascension  and  declination. 

Pat  d = the  declination  of  a star, 

And  a = its  right  ascension; 

then  their  annual  variations  of  precessions  will  be  nearly 
as  follow  : 

viz,  2C^*084  X cos.  a = the  annual  prices,  in  dcclinat. 
and  46'''D6  1 9 2O"*0S4  x sin.  a x tang,  d s=  that  of 

right  ascension.  See  the  Connuissance  di's  Temps  for 
1792>  pa.  206,  Ac. 

PRLSS,  ifl  Meci.unies,  is  a machine  made  of  iron  or 
wood,  serving  to  cuinpu-ss  or  squeeze  any  body  very  close, 
by  means  of  sCii*w».  The  common  presses  consist  of  six 
raembers,  or  pied's;  vit,  two  tUl  and  smooth  planks;  be- 
tween which  the  things  to  be  pnssed  arc  laid ; two  screw  s, 
or  worms,  fastened  to  the  lower  plank,  and  passing  through 
two  holes  in  the  up(>er;  and  two  nuts,  serving  10  drive 
the  upper  plank,  which  is  moveable,  against  the  lown-r, 
the  latter  being  siaUle,  and  without  moiion. 

PIlbSSION.  See  Peessi  re. 

PllKSSURtl,  is  pro|KTiy  the  action  of  a botly  which 
makes  a continual  effort  or  endi'avour  to  move  another  ; 
such  as  the  action  of  a heavy  body  supported  by  a hori- 
zontal table ; in  contradistinction  from  percu^ion,  or  a 
momenlarv  force  or  action.  Pressure  equally  ropects 
both  bodies,  that  which  presses,  and  that  which  is  pressed  ; 
from  the  mutual  equality  of  action  and  rt'sction. 

Pressure,  in  the  Cartesian  philosophy,  is  an  impulsive 
kind  of  motion,  or  rather  an  endeavour  to  move*  impmsi-fl 
on  a fluid  medium,  and  propagated  through  it.  In  such 
a pressure  the  Cartesians  suppose  the  action  of  light  to 
consist.  And  in  the  various  modifleations- of  this  pressure, 
by  the  surfaces  of  bodies,  on  which  that  medium  prcssi-s, 
they  suppose  the  various  colours  to  consist,  Ac.  Uut 
Newton  shows,  that  if  light  cotisiated  duly  in  a pu*s&uit', 
propagated  without  actual  motion,  i(  Coiilt)  not  agitate  and 
warm  such  bodies  as  rx'ffect  and  refract  it,  us  we  actually 
And  it  does;  and  if  it  consisted  in  an  instuntaneous  muii«n, 
or  one  propagated  to  all  distances  in  an  instant,  as  such 
pressure  supposes,  there  would  be  requiml  an  inffaitc 
force  to  produce  that  motion  every  moment,  in  every 
lucid  particle.  Further,  if  light  consisU'd  either  in  pres- 
sure, or  in* moiion  propagated  in  a fluid  medium,  whether 
instantaneously,  or  in  time,  it  must  foilmv,  that  it  would 
inflect  itself  ad  -umbram;  for  pressure,  or  motion,  in  u 
fluid  medium,  caonut  bo  propagated  In  right  lines,  be- 
yond any  obstacle  which  shall  hinder  any  part  of  the  mo- 
tion ; but  will  inflect  and  dilTuse  itself,  every  way,  into 
those  parts  of  the  quiescent  mirdium  which  lie  bi*yond  the 
said  obstacle.  Thus  (he  force  of  gravity  tends  downward ; 
hut  the  pressure  which  arises  from  that  force  of  gravity, 
tends  every  way  with  nn  equable  force;  and,  with  equal 
ease  and  force,  is  propagated  in  crooked  lines,  us  in  straight 
ones.  Waves  on  the  surface  of  water,  while  they  slide  by 
the  sides  of  ^ny  large  obsiude,  do  inflect,  dilate,  and  dif- 
fdse  themselves  gradually*  into  the  quicscuit  wau-r  lying 
beyond  the  obstacle.  The  wares,  pulse*,  or  vibrations 


of  tbe  air,  in  which  sounds  consist,  do  mamfi-slly  inflect 
themselves,  though  not  so  much  as  the  waves  of  water ; 
for  the  sound  of  a bell,  or  of  a cannon,  Cftn  be  iieard  over 
a hill,  which  intercepts  the  sonorou::  object  from  our  sight ; 
und  sounds  are  propagated  as  easily  through  crooked  tubv^, 
as  through  straight  ones.  Uut  light  is  never  ob>rivcd  to 
go  in  curved  lirK*s,  nor  to  inflect  itself  ad  tiiiiiiram ; for 
tlie  Axed  stars  do  immediately  disappear  on  the  interpo- 
sition of  any  of  the  plauels;  as  well  av  some  putts  of  the 
sun's  body,  by  the  interposition  of  the  moon,  or  Venus, 
or  .Mercuiy. 

Pressure  of  Air,  tVater,  Ac,  See  Am,  Water,  Ac. 

The  eJJircts  anciently  ascribed  to  the  fuga  vacui.  are  now 
accoutitetl  fur  from  the  weight  and  pressure  of  the  air. 

The  presume  of  the  air  on  the  surface  of  theeaith,  ts 
balanced  by  a column  of  water  of  the  same  base,  and 
about  34  feet  high ; or  of  one  of  mercury  of  near  30 
inches  high ; and  upon  every  square  inch  at  the  earthV 
surface,  that  pressure  amounts  to«bout  14|  poumls  avuii- 
dupois.  Thi-  elasticity  of  (he  air  is  equal  to  that  pressure, 
end  by  im-ans  of  that  pn'ssurc,  unlaslicit)  , the  air  would 
rush  into  a vacuum  with  a velocity  of  about  1370  feet  per 
si'Coiu!.  At  diffemu  heights  above  the  earth’s  suiface 
the  pressure  of  the  air  is  as  its  density  and  rlnviicity,  and 
each  deen'oses  in  such  sort,  that  as  the  licight>  above  the 
surface  increase  in  arithmetical  progression,  the  pressure 
Ac  decreases  in  geometrical  prigrcssion  : and  beoceif  the 
axis  BC  of  a loganlliinic  curve  ad  be 
erected  perpmJicular  to  the  horizon, 
and  if  the  ordinate  a u denote  the  pres- 
sure, or  elasticity,  or  density  of  the  air, 
at  the  eurth*s  surface,  then  will  any 
other  absciss 
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note  the  pressure  Ac  at  ' 
the  altitude 


The  pressure  of  water,  as  this  fluid 
is  cvery-wherc  of  the  same  density,  is 
as  its  depth  at  any  place,  and  in  all  di- 
rections the  same ; .'tnd  upon  n square 
foot  of  itirt'ace,  every  fool  in  height 
jin-vses  with  the  force  of  a weight  of  1000  oit’iCt'S  or 
02|lbs.  avoirdupois.  .\iid  hence,  if  aB  be  the  depth  of 


y 
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water  in  any  vessel,  and  be  denote  its  pressure  at  the 
depth  n ; by  joining  a r.  and  drawing  any  other  ordinates 
ro,  til ; then  will  these  ordinati**  ro,  lit,  Ac,  denote  (he 
pressure  at  the  corresponding  depths  AO,  At,  Ac  ; alsotho 
area  of  the  triangle  abe  will  denote  the  whole  pressure 
against  the  whole  upright  side  ab  and  which  therefore  is 
but  half  the  pressure  on  the  bottom  of  the  same  area  as 
the  side.  Moreover,  if  a hole  wen*  opened  in  the  bottom 
or  side  of  the  vessel  at  n,  the  water,  from  the  pressure  of 
the  superincumbent  fluid,  would  issue  out  with  the  velo- 
city of  fl  y' a b feet  per  second  nearly;  ab  being  estimated 
in  feei- 

Perssure  qf  Earth  against  IVaJUf  Ac.  This  is  a circiim- 
stancu  of  considerable  impoitance,  on  many  occasions,  as 
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iti  cmbftnkmenti,  in  Iorti6cationt,  in  docks,  in  pien, 

The  practice  is  to  have  the  counterparts  equal  to,  or  rather 
to  exceed  the  pressure,  in  order  to  secure  stability.  For 
dclertnining  this  equality,  several  different  principles  have 
been  employed,  approaching  more  or  less  to  perfect  accu- 
racy, as  may  be  seen  in  my  Course  of  Mathematics,  vol.2, 
pa.  196,  and  voi.  3,  pa.  25b;  ivhere  a popular  and  mccha* 
nical  theory  is  delivered,  forprelly  compact  or  firm  earth, 
different  from  former  ones,  and  accompanied  with  several 
practical  examples,  which  may  be  usefully  consulted  on 
any  real  occasion.  Below  is  also  insertetl  another  new 
iheot)',  foe  the  pressure  of  push  of  semiOuid  and  cohesive 
earth,  communicated  by  a learned  friend,  Dr.  Young,  Fo- 
reign Seer,  to  the  Roy^  Society. 

An  Euay  on  the  PrcMwre  qf  and  coheaivt  Suhstancea. 

The  rcsisCance  opposed  by  faction,  or  adhesion,  to  the 
relative  motion  of  any  two  given  solul  or  semifluid  sub-, 
stances,  is  nearly  prworlional  to  the  force  urging  the  sur- 
faces into  contact.  Since,  however,  this  force  tnusl  neces- 
sarily he  augmented  by  ihe  force  of  direct  cohesion,  which 
is  proportional  to  the  extent  of  the  surfaces  in  contact,  it 
follows,  that  a portion  of  the  resistance  to  lateral  motion, 
must  also,  in  cohesive  substances,  be  proportional  to  the 
magnitude  of  the  surfaces  concerned,  and  independrnl  of 
the  direct  pressure.  The  proportion  of  the  variable  re- 
sistance, to  the  force  on  which  it  depends,  is  that  of  the 
height  to  the  horizontal  extent  of  an  inclined  plane,  on 
which  the  surfaces  would  begin  to  slide  on  each  other,  if 
this  resistance  only  were  concerned,  or  if  the  force  or 
weight  were  very  great,  and  the  extent  of  the  surface  very 
firaali  : and  the  angle  formed  by  such  a plane,  with  the 
horizon,  is  called  the  angle  of  repose  of  the  substance. 
The  mutual  cohesion  of  two  substance^  may  be  estimated 
from  the  thickni'ss  of  a coat  of  one  of  the  substances, 
which  would  be  supported  by  it  in  contact  with  a vertical 
surface  of  the  other;  and  both  these  properties  may  be 
practically  determined,, willi,resprct  to  any  internal  sur- 
faces or  sections  of  a given  substance,  by  raising  a portion 
of  it,  terminated  by  a horizontal  and  a vertical  surface, 
until  the  angle  breaks  off,  observing  both  the  depth  and  the 
breadth  of  Uie  portion  thys  separating. 

A.  It  is  first  required  to  determine  the  angle  of  fracture 
fora  semifluid  and  cohesive  substance,  termin«ted  by  a 
horizontal  and  A vertical  surface,  and  supported  only  by  a 
horizontal  force. 

We  have  here  a wedge  of  the  given  substance,  tending 
to  slide  down  an  inclined  plane,  and  to  ovcrcomcat  once 
the  horizontal  pressure,  and  the  resistances  in  the  direction 
of  the  plane  derived  from  the  cohesion,  and  from  the  fric- 
tion p^otluccii  by  the  sum  of  the  other  forces;  and  we 
are  to  determine  the  breadth  z of  that  wed^e,  in  which  this 
tendency  will  be  the  grraUat,  its  depth  bring  a. 

Now  the  weight  of  the  wedge  bt  ing  expressed  by  {ox, 
its  immediate  tendency  lodcscend  along  the  inclined  plane 


repose,  the  resistance  being  to  ibe  direct  or  ^^rpcmlicular 
pressure  as  i to  1.  Hence,  fur  the  state  of  equilibrium, 
we  have  the  equation  iax  . ■ . ss /.  r 


jx)  -e  Itox. ^ if. and 

= _/x  -+■  X*)  -*■  a(f';  whence/'  ss 

— atif‘  — /-xr  — l«'xx  m-,  • ^ , 

— - — • This  force  must  be  a maximum 

X ^ ai 

in  the  section  aflbriling  the  greatest  pressure,  and  its  fluxion 
nuisi  \ani»h  ; whence  we  have  — ‘2bx  — «rx).(x  of) 
— a-k  — bx*  — (ofx';  (5  x*  {2abt 

fiVjx  x=  a*b  •*'  ; X*  2aix  •s  a\  x = 

flV)  — of ; and  if  5 = 0,/  = n*  [4  ■+■  — f ^ ( I /*)]. 

Hence  it  appears  that,  as  Mr.  Prony  has  already  ob- 
served, the  angle  formed  by  the  surface  thus  determined, 
with  the  vertical  surface,  is  half  the  complement  of  the 
angle  of  repose,  since  •/{X  -e  <")  — / U the  tnng«'iit  of 
half  the  angle  of  which  the  cotangent  is  f,  as  is  easily 
shown  by  a trigonometrical  calculation;  and  that  this 
angle  is  independent  of  the  magnitude  of  the  cohesive  re- 
sistance, and  determined  only  by  the  friction  ; at  the  same 
time,  if  the  friction  vani^he?,  and  the  cohesion  alone  re- 
mains, we  have  x s a,  the  angle  being  45^. 

B.  Tbe  portion  of  a semifluid  and  cohesive  substance,' 
of  which  the  surfaces  are  horizontal  and  vertical,  aflording 
the  greatest  lateral  pressure,  is  terminated  by  a plane. 

For  if  we  conceive  the  substance  to  be  divided  by  a ae- 
cond  vertical  surface,  parallel  to  the  first,  the  angular  si- 
tuation of  the  upper  part  of  the  oblique  termination,  cut 
off  by  this  surface,  will  obviously  be  correctly  determined, 
if  considere^l  as  a plane,  according  to  tbc  principles  already 
laid  down  ; and  if  any  curved  surface  would  afford  a 
greater  lateral  pressure  than  a plane,  the  direction  of  the 
lower  part  of  the  oblique  lerininaiion,  considered  al^o  as 
a plane,  would  require  to  be  different  from  that  of  the  up- 
per, and  this  difltTcnce  might  be  exhibited  by  supposing  its 
horizontal  extent  to  be  varied,  that  of  the  upper  portion 
remaining  the  same.  But  in  fact,  ihe  determination  of  (he 
direction  for  this  part,  thus  considered,  will.l>e  precisely 
the  same  as  for  tli^iipper  part ; since  lire  proportion  of  the 
resistance  to  the  pressure  remains  the  same,  and  the  hori- 
zontal force  acts  on  the  lower  part  of  the  oblique  surface 
with  the  same  incfrased  intensity  ns  the  weight,  the  one 
depending  on  the  other;  so  that  the  relations  of  all  the 
forces  concerned  in  the  determination  remain  nnaUered. 

C.  To  flgfermine  what  portion  of  a soft  and  adhesive 
substance,  having  a horizontal  and  a vertical  surface,  will 
stand  alone. 

Pot/=  0,  lhcn|fl*x  — n*b  — bxx  — iatrx  = 0;  ami 
if  t is  given,  let  ^{X  -»-/*)  — / be  r,  and  x = ra,  then 

— n*b  — T^ivb  — — 0,  and  {ra  — k — r^fc  — 


.^r^af  = 0,  and  a ~ 


4.  Srr# 
r — frt  “ 


1 IT 

I — rt 


and 


will  be  tar. , which  will  be  onposerl  by  the  hori- 

zontal  force/,  acting  in  n contrary  direction,  and  reduced 
to/ r»  *nd  by  the  resistance  derived  from  three 

sources : tbc  first  from  the  cohesion,  which  is  expressed  by 
b^(aa  xx),  5 being  the  thickness  supported  hy  the  la- 
teral adhesion  of  a vertical  surface  ; the  second  and  third 

from  the  two  pressures,  represented  by  \tax  • 

// !1— — where  t is  the  tangent  of  the  angle  of 

✓(««  + xx> » ® 


b = iflr;  but  if  we  observe  a and  x,  wc  find  t = , 

and  b = , V\'hen  / vanUbes,  x becomes  equal 

3M  + SXX  ’ 

to  fl,  and  k = ^ : if  / = 1,6  = *1036rt,  if  / = ^,  6 = 
•I55rt. 

D.  When  the  surface  of  a soft,  or  semifluid  and  cohe- 
sive substance,  is  inclined  to  the  horizon,  the  portion  af- 
fording the  greatest  horizontal  pressure  is  generally  ter- 
minated by  a curve. 

We  may  suppose  the  substance  to  be  divided  into  ver* 
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tical  strata;  and  the  mean  depth  of  any  stratum  bcin^ 
called  y,  and  the  difference  of  the  depths  of  its  two  sur- 
faces c,  we  must  inquire  what  roust  be  its  thickness  i,  in 
order  to  afford  the  greatest  horizontal  thrust,  the  weight 
of  the  stratum  will  then  be  represented  by  yz ; and  if  the 
tangent  of  the  elevation  of  the  exposed  surface,  ascenditig 
from  its  angular  end,  be  a,  the  length  of  the  oblique  tcr- 
minsiion  of  the  stratum  will  be  a-  (e  -►  ux)  *)  = 
we  have  then,  for  the  state  of  equilibrium,  the  equation 

yx  * bi  * tyx  . r/.‘-^,and/= 

tfx  4*  ify*r  — fra  — . 


X + C<  (MX 

fyx  •¥  u^rx  — txf  — * frrf  — ifvttr  - 


• HmtT  — tyxr 


; then  puttinz 

X ^ et  -h  fui 

the  fluxion  of /=  O,  x only  being  variable,  we  obtain 
(cy  3i(yi  — 2bx  — 2bcu  — 2bti‘x  - 2<yx)  . (*  t- 
ct  -t-  lux)  = (1  -t-  in)  . (cjti  -I-  nyx'  — ix*  — 6c‘  — 
24cux  - 4u‘x*  - ryx^)  ; C2ay  - 2b  - 24a’  - fjry)x  . 

(1  a-  ra)x  -e  (2ay  — 2b  — 24a*  — 2/y)x  . cr  -t-  (cy  — 

24csi)  . (1  -r-  ru)  X -►  (<y  - 24ea) . cr  = (1  -i-  <a) . (ay  — 

b — bn’  — <y)x*  -r-  (I  rn)  . {<y  — 24ca)  x — 

(1  -*■  ra) . 4c* ; and  x*  x ~ 

(try  t — btm  * (yj  . ( I 4 (mJ  r 

fr(M  — (y  -e  fr 


Ij)  I ■ 


^(14  (uj'  (wy  — fr  — fr«M  — <y)  ♦ (>  *► 

Having  thus  ohuincti  the  angular  <iirection  of  the  termina- 
tionof  the  vertical  siratuniy  which  afTorU&  the  greatest  lateral 
thrust  when  tb«  height  isy«  wc  may  proceed  to  find  what 
must  be  the  magnitude  of  y for  dilfercnt  siraia,  in  order 
that  they  may  all  iKwaess  this  property,  and  that  the  whole 
hortaontal  force  may  consequently  be  the  greatest  poisiblc. 

For  this  purpose  we  must  substitute  i for—,  i being 

now  c<Miaidered  as  the  whole  horizontal  thickness,  andy 
the  whole  vertical  ordinate  or  depth,  as  before*  Hence 


(I  4 (■)  • (ttH  (y  — fr) 
• frttu  — (y 


) - 0 = 


tty  — fr  - 

j ,-,v-t-lu-r;i;  _ , 

I ^ (H  '''  — ti«it  — (y  » 4 (Is 

_ ,v  Call  v^(4  + 4«b  -*  (r  - u) y), 

* T fr  4 fWB  4 ((  — tt)  y * 

Oe'V  , 

c,  then  y = — > ~ “ •»  = 

b„  a.  „ _ 

< — tt  ' 

^{b  btt  ~ {b  buu)  : (r  — a) 
> : and  if  we  call 

(,-u)t*b.i-(b  *^  d>,  wc  have  - X = 


9 r V 


(1 

_2 

I a-  tu 


v/(4 


(1  + 

+ (r  r*)  :(«—«)•  ®*  - 


(I  lu;.((-a) 


+ - rni- 

But  it  is  well  known  that  the  fluent  of  v^(a*  x*)  x U 

4-  x“)  + I a*  . H t-  (^^  *+■  y^(o“  x*})!  and  by 

comparison  with  this  fluent,  we  obtain  the  equation  e w-  x s 

j— ^ +•  5*)  -t-  + 


(1  <•  «)  . 

s/(fr  -r 


C*»  - 


•+■  t.  When,  however,  t — u 


1 4 (■ 

u Degative,  that  is,  when  the  elevation  of  the  inclined  snr- 


Ihcc  it  greater  than  could  exist  without  the  cohesion,  the 
fluent  assumes  a different  form,  and  we  must  make  a 

(«-#), (i,  4 »/)  + t -a « 

I + I*  * “ (I  + to) . J,M  — (j 

— p«\  _ — 2 — . But  it  is  known  that  the 
fluent  of  V^(«’  — x*)jp  is  — x*)  4 |a^arc  sine 

I ; hence  c - x becomes  = c - 

- «’)  + d*  arc  tine  ’)  - 

F.  Wbenthe  variable  resistance  vanishes,  the  curve  be- 
comes a parabola. 

For  if  ( = 0,-  or  — . becomes  = t/.  ^ , * , 

whence  x 4 c = ^ ~ buy)  ; but*  when 

X = 0,  y :=  e,  and  ^ ~ ~ ^«)»  (x  4 

“ 4 b'uu  — 6ttu))'*  XZ  ^ z=  I*  4 

4 ii*  - 4 4 bhtu  — 6a«),  and  y = a — 

y'(l  4 im  — ■^u)x—  In  order  to  determine  the 

whole  horizontal  force,  we  must  find  its  fluxion  by  sub* 
stitulingxforx,  and  — j fur  c,  in  the  equation  for/,  which 

becoRiCs  — yy  4 uyx  — 6i  — Stay  — bu^xi  ntwl 

since  — y = yf^(l  4 *to  — ^ h)*  4 ^x-ji,  we  obtain 
the  fluent  = g t iy*  4 our  — ^ 4 m*  — ^ «)x* 

— x’  frx  — 6x  — ia’x  4 oitx ^ Ji. 

I3fr  I3fr  3 

V'Cl  4 Mi  — I w)  4 ai«y  — bu^r  =g  '*•  (2a»  — 3i 

— 2611®  )x  — »v^(I  J — 

\y\  which  mu^t  vanish  when  x = 0,  and  y = o,  nr  g 4 
2bau  — ^0*  =r  0^  and  g sa  — 2f»a«.  When  y = O, 

X 4 c = ^ 4 «*),  and  x s=  ^ V(l  4 u")  — « 

V'Cl  4 a*  — ^ k),  and  the  whole  force  is  4a*  — SAsa  4 

(2a«  — 2fr  — 2ia®)  x — «%/(!  4 a*  — |a)  x*  — 

Here  it  must  be  observed,  that  when  ^ n is  equal  to  or 
greater  than  1 4 u®,  the  problem  becomes  impossible,  the 
value  of  ^ becoming  first  infinite,  and  then  imaginary.  Wc 

may  take  for  an  example  tl»c  case  ti  = 4^  and  a as  lOh, 
ihrnx  = 2a  (v^FOl  — ‘1)  = 1'8U»  «nd  the  whole  force 
is  4o»  - 02a«  4 (*2a  - 2a  - *002a)x  - -Olx*  - 

= V'f'frSa*.  If  u = 1,  and  a 9 2^,  x a v/?a,  and 
the  force  40*  *-  «*  — ^2o®  — |v^2a®,  which,  being  ne- 
gative, intplies  that  there  can  be  no  separation.  In  order 
to  show  bow  little  the  force  thus  determined  differs  from 
that  which  is  afforded  by  a section  terminated  by  a plane 
surface,  even  where  the  variable  resistance  is  supposed  to 
be  absent,  wc  may  calculate,  for  the  depth  of  a,  the  hori- 
zontal extent  x of  a prismatic  section  affording  (he  great* 


Digitized  by  Google 


P R E 


C *»l  1 


PR  E 


est  pressure,  the  equation  of  the  forces  will  then  be 
•«x  — ix  =/.  -,and/=  X + i«<x  - — = 

-t-  )Oiur  — fcr  — ^ — Qbau  — and  when  its 
6uxion  Tanisbes.  ^ ^ “ 6<t*  = 0,  consequent- 
ly ^ = 1 a*  — ^ p which,  when  u = 10^, 

^ js  . ap*  * 

becomes  *51,  anti  x = I‘4o,  whence  / is  found  *337«% 
which  is  not  onr-fortirth  part  less  than  the  more  correct  re- 
sult of  the  fomuT  calculaCiou.  When  the  cohesion  va- 
nishes, and  the  variable  resistance  alone  remains,  (be 
muximuro  pf  force  seems  in  all  cases  to  be  alTurded  by  a 
platte  surface,  whether  the  resistance  is  horironul  or  not. 

• F.  It  remains  to  be  dclermiited,  what  is  the  propor- 
tion of  the  forces,  alien  the  pressure,  instead  of  being  ho- 
rixontal,  is  supposed  to  be  oblique,  as  will  be  the  case 
when  the  surface  of  a wall  is  opposed  to  the  thrust  of 
rnrlb,  and  exhibits  a lateral  adhesion  or  friction,  as  well 
as  a direct  resistance.  • 

We  have  hiTc  (wo  new  forces  to  be  considered,  the 
one-constant,  rrpresentins  the  adhesion  of  the  wall,  the 
other  depending  on/ the  horiaonlal  pressure,  both  tend- 
ing directly  to  lesw*n  the  weight,  if  we  consider  the  sur- 
face of  the  wall  as  vertical.  We  may  still  call  the  hori- 
zontal extent  of  the  prismatic  portion  x,  disregarding  the 
slight  inaccuracy  of  supposing  the  oblique  surface  a plane; 
and  u being,  as  above,  the  tangent  of  the  elevation  of  the 
exposed  surface,  the  friction  <*(  the  wall  being,  for  the 
sake  of  simplicity,  considered  as  equal  to  the  internal 
friction  of  the  materials,  which  it  can  never  exceed,  and 
of  which  it  will  seldom  fall  short,  we  have  the  equation 

— ob  — /)  — bz  — ^(i«x  — fl6  * if) 

^ X s*  ^ I fa  4-  »t)  — «*  ♦ l(a  + at)  + X * 

and  when  its  fluxion  vanishes,  (-ba*  4-  aax  — obu  *^2bx 

— 2abu  — Qbu^z  — atx  tab) . (2<  (ft  ux)  — r*x  -e  x)  = 

(2rti  1).  [(box— o6)  , (a  •+•  ux)  — bx*  — i»(o  ux)*) 

— ^ tax*  ■+■  lobs],  or  ((tttt  — — d^u^-r  *♦“  “ 

3abu  4-  aib‘]  . [(2l«  — ^ 4-l)x  4-  2o/]  =c(2<a  — 4*  I). 

[Qffu  — b — bu^  — b <w)x*  4-  (4au  — abu  — 2tthu  4- 

aib)x  — ; whence  x* 


Qai  'k»*  iJnfa  + nth) 


Sfu  — II  4^  1 


^au  ■ 


S^  — sr^aa  — tU) 
9(t’& 


(Ua  - U 4-  I) 
4i7/r 


=ii’  - 


- ■ ■ ui  * 

«a  — afr  — a«f«  — ct 

•il-itt  — al  — Sfr 


ani  — If  -f  1 


. afj 


, and  X may  be  found 


t-)la  — (I  ^ 1)  . (fftt  — th  — Staui 

by.  completing  the  square. 

But  for  practical  use  on  a large  scale,  we  may  neglect 
the  cohesive  resistance  without  impropriety,  its  value 
being  generally  variable,  from  (be  clfectsof  moisture  and 
agiiattoo,  so  that  it  would  be  unsafe  to  place  uity  depend- 
ence on  it,  even  if  it  were  mwh  larger  than  eummonly 
happens:  we  may  therefore  make  3 s 0,  and  x*  4- 

4ai7  I 

2«  -7: . ..  I , and  x 


na  — II  4-  1 
aal 


VSI«  — <1  4-  1)  . (f  — 


= ±«v'< 


2t 


p.2iu  • 
11* 


ll-t- 


mined,  being  equal  U>  ^ux.  • 


» — (I  — a^x 


If  the  wall,  instead  of  being  vertical,  be  inclined  to- 
wards the  bank,  which  is  a condition  highly  favourable  to 
its  stability,  the  oblique  direction  of  the  thrust  .must  also 
.be  taken  into  consideration,  in  computing  its  magnitude. 
Let  u be  now  the  tangent  of  the  deviation  of  the  wall  from 
the  vertical  direction,  the  surface  of  the  earth  being  ho 
riconta),  and  let  x be,  as  above,  the  whole  horizontal  ex- 
tent of  the  portion  affording  the  greatest  thrust,  the  force 
/being  perpendicular  to  the  wall.  We  sluill  then  have 
for  the  weight,  ^a(x  — ««),  acting  in  the  direction  of 

the  oblique  surface  z with  the  force  \a{x  — ir«)^,  and 
causing  a resistance  ^/(x  — In  order  to  reduce, 

the  force/ to  (be  same  direction,  we  must  find  the  sine 
and  cosine  of  the  angle  contained  by  the  oblique  surfaco 

z and  the  wall,  which  arc  and  v^(l  — ~ *7^) 


have/- 


» (L: 


1 4* 

, and  / 


) = 


» ✓(.!  + •»«) 


; whence  we 


■4 ; and  the  friction 


of  the  wall,/r,  being  reduced  inasimilar  manner,  gives 
— y ^ , and  — yj* — ^ ^ — , whence  we  have 

the  equation  io(x  — mi)  ^ 

^ 1 — g«  a 4»  wx 

4- 


i tU  (i  - an)  ~ + 


^ 3 4 »Ul)  * V'^l  4 tiu) 

or  o*(x  — au)  zz  atx  (x  — «ii) 


v^* 


4 «u;  • 

T — au  ^ (a  nr)  x — mr  _ . 


/ 


V(» 

(m  - tx)  . fx  - 


• ✓(I  + an)”'  (1  - Sir)  . {x  - IW)  4 4l^a  4 «I) 


: this 


we 


may 


4 t u ' "*^^ncc/may  be  readily  deter- 


call  when  its  fluxion  vanishes;  (c  4-  2iix)  . 

(cx  4-  g)  =s  4-  cex  4 dex*  = cex  4-  2dex*  4-  4- 

— -.  Here  ^ — a*a,  c = o 4-  afar,  d = — <,  - s 

t a 

« = — OM,  e=:2  — 2/*4-  4fai,  aud  ^ s 4af 

f ® f 

— (2  - 2«)  n«. 

G.  It  will  now  be  <«.-<y  (0  And  the  direenaions  of  a wall, 
capable  of  wilh->tanding  the  thrust  of  a given  bank  of 
earth,  without  being  overturned  or  carried  away  horizon- 
tally, provided  that  we  know  the  elevation  at  which  tbe 
surface  of  tbe  earth  is  capable  of  supporting  itself. 

U is  obvious  that  the  whole  pressure,  like  that  of  fluids, 
must  be  proportional  to  (he  square  of  the  depth  a, 
glccting  the  eflvcl  of  adhesion ; and  consequently  that  the 
centre  of  pressure  rauiit  be  at  or>e*lbird  of  ^e  height.  We 
may  consider  the  specific  gravity  of  (he  wall  as  equal  to 
that  of  the  earth,  which  will  in  general  allow  us  some 
excess  of  stability  for  the  security  of  the  work : then  if 
tbe  wall  be  vertical,  and  its  thickness  bey,  the  force  being 
referred  to  tbe  outside  of  tlie  base  of  (ho  wall  as  the  fuU 
ci  um  of  a lever,  we  must  have,  in  order  that  it  may  not  be 

overturned,  xs  tfy  Iqjy,  and  y*  4-  = >^,ys 

~ ^ same  manner,  if  wc  sup- 

pose the  section  of  the  wall  to  ba  triangular,  its  outer 
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turfucc  brill*  ilopc J off,  wr  have  =z 
z = ^/{^/  + 0^)  — * ^'"8  (bicLiicss  at 

the  bottom.  When  the  wall  is  inclim-d  towards  the  bank, 
in  an  angle  of  which  the  tangent  U *r,  / being  the  force 
pel  pcinlicular  to  it,  and  jr  Uie  horizontal  thickness  of  the 
wall,  the  force/ will  act  on  a lever  of  which  the  length  is 
• -r  u«)  a»d  friction  tf  will  act 


to  insure  their  stability,  ami  that  occasional  agitation  wv(! 
very  much  diminish  the  resistance  of  almost  all  kinds  nf 
materials  i tn  i*ay  nothing  of  the  precaotion  nrcci»sary  to 
obviate  the  effects  oftbe  penetration  of  water;  which  will 
not  only  act  by  its  own  hydrostatic  pressure,  but  also 
weaken  the  adhesion  of  the  earth  employed,  unless  a stif- 
ticient  number  of  apertures  can  be  pru^idcd  for  allowing 
it  to  esca(>e. 

Table  «/  the  Thrvjt  ^ Kank  against  an  vpngftt  WalK 
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If  the  wall  be  not  securely  tiNcd  at  ill  foundation!,  for 
example  when  the  i*arth  ii  dug  away  beyond  it,  it  may  be 
liable  to  slide  away  laterally  more  easily  than  to  be  over- 
turned. Suppiising  it  simply  to  rest  on  maU-riaU  similar 
to  those  which  constitute  the  bank,  wr  may  calculate  the 
thickness  sufficient  to  produce  a resistance  equivalent  to 
the  thrust;  thus  if  the  wall  is  vertical,  we  must  have 
/ = I (aj  + /<),  and  : but  when  the  wall 

is  inclined,  the  forcr/takes  from  the  weight  the  portion 
/ — •,  and  the  friction  adds  to  U only  /< 
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11.  In  the  case  of  driving  a pile,  the  pressure  of  the  soft 
materials  is  modified  by  the  inversion  of  the  direction  of  the 
friction  o(  the  vertical  surface,  which  now  acts  in  coniunc- 
tioa  with  the  weight  oftbe  materials,  so  that  ao  — ^ 

becomes^  ox  + air  -4*  //,  or.  If  6 = 0,  simply  4 nr  *4-  if $ and/= 

X , which  is  greatest  when  x is  least,  and 


becomes  uUimatfly  resistance  / will  be 


%(,*  — La>,  which  is  a maximum  when  rt  -f-  I = 2t.  or 
* a + i' 

r = 1,  being  then  | a* ; and  in  this  case  the  resistance 
derived  from  the  friction,  on  the  whole  of  the  lateral  sur- 
faces of  a square  pile,  would  be  equal  to  the  weight  of  the 
earth  which  w ould  prcMi  on  one  of  the  surfaces,  if  it  were 
buried  at  the  depth  to  which  its  lower  end  has  penetrated. 
There  w«iti1d  however  bo  other  resistances  from  the  tena- 
city pn  veiiling  the  ready  separation  of  the  earth  before 
the  pile,  w lii«b  would  perhaps  considerably  exceed  the 
frtcliuu  thus  deicriniued. 

I.  Such  of  tbe  results  of  these  calculations,  as  are  most 
likely  to  he  of  practical  utility,  may  be  conveniently  ex- 
hibited in  the  form  of  a table : but  it  must  be  remem- 
borvd,  in  its  application,  that  some  additional  strength 
ought  always  to  be  given  to  the  works  concerned,  in  order 


Surface  Horisontal. 


TmmfWl  at 
Ik*  Mt>*  W 

•w  *e  lk» 

Aa«lr,r*.VM(, 
■I  «WA«iw 
Mkmor*  •01 

BmMiW 

tk*  MirfM* 

3M  tKU- 
Inr  lb* 
ftrMv** 
BfMMIR.lkc 

bWbi 

n««W«au) 

WrnM,  ikM 
■ria(<MllT- 

K*i|aMl*  1 
ibKkM*«r 

nU 

Miy.ft* 

br%li«WW« 
••••T-  1 

W«|»- 

jarUK, 

•wiktT 

VXirtifM* 

1 : 

ge 

00’ 

00' 

tl’414) 

1 000 

•577 

■707 

a 

1 : 

10 

5 

43 

1 234 

•761 

491 

•591 

3-767 

1 : 

8 

7 

7 

1-I94 

713 

•470 

•575 

rai2 

1 : 

6 

9 

28 

1-13'2 

•6*40 

•444 

•539 

1-867 

1 1 

5 

11 

18 

1.086 

•589 

•424 

•514 

1*414 

1 . 

4 

u 

2 

1*022 

•522 

.396 

•479 

•979 

! . 

3 

18 

26 

■927 

430 

355 

•430 

*573 

1 : 

2 

!S 

34 

■774 

•300 

■29* 

•352 

.225 

2 : 

3 

33 

41 

•660 

•217 

•246 

•295 

•090 

3 : 

4 

3ff 

52 

•611 

•186 

•2*6 

*70 

•059 

1 ; 

1 

45 

0 

■500 

•125 

•184 

•221 

•000 

Descent  of  the  surface  towards  the  wall 

10“ 

1 : 

5 

11 

18 

3750 

‘805 

•491 

•591 

] : 

3 

18 

26 

1 51S 

•528 

•399 

•491 

1 : 

2 

26' 

34 

1058 

•373 

•322 

•386 

3 : 

4 

36 

52 

•753 

•211 

'240 

•287 

1 : 

43  0 

Descent  ol 

■385 
the  furl 

•138 
ace  tow 

■192 

ards  the 

•230 

wall 

20“ 

1 : 

2 

■26 

34 

2-022 

■452 

•350 

418 

3 : 

4 

,36 

52 

1 1*040 

•247 

•255 

•304 

1 : 

1 

45 

0 

•743 

•155 

•200 

*239 

1 

30® 

3 : 

4 

36 

5S 

1 1-581 

1 -302 

[ -282 

1 -335 

1 : 

1 

45 

0 

1 1-076 

1 -186 

1 -2*0 

•262 

40’ 

1 ; 

1 

45  0 1 1713|  -246  1 *248 

Ascent  of  the  surface  towards  the 

1 •29* 

wall 

1 

10’ 

1 : 

s 

11 

18 

•746 

•507 

•391 

•478 

1 : 

3 

18 

26 

•712 

•374 

•332 

•401 

I : 

2 

s6 

34 

•639 

•267 

•276 

•333 

3 : 

4 

36 

52 

•534 

•170 

•217 

•261 

1 : 

I 

45 

0 

•452 

•119 

•IbO 

•216 

20’ 

1 : 

2 

26 

34 

•559 

j 239 

■263 

•317 

3 : 

4 

36 

52 

•486 

1 *154 

•208 

•250 

1 : 

' 

45 

0 

■377 

t 117 

•179 

•214 

30’ 

3 : 

4 

1 36 

52 

1 -46o 

j *133 

■195 

1 -234 

1 

1 : 

1 

1 45 

0 

1 -408 

■098 

•i6i 

■197 

1 

40° 

1 : 

ll  45 

0 

1 ’4081  -090 

1 -159 

1 -203 

1 

.Digitized  by  Google 


P R E 


[ «M  ] 


f*f  the  Thrust  of  Karth  against  a WuU  inclined  towards 
the  Bank  in  an  ylitgleof  1 IH',  of  which  the  TuagenI  i$ 
2 ; the  Sar/ace  i/emtr  h*>ritontai. 
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An  instance  has  occuncd  oh  a larjje  scale,  where  tbc 
wall  uf  a dock  has  givrn  way  horizontally,  when  its  mean 
cbickneu  was  about  ’230,  the  ground  having  been  dug 
away  beyond  its  foundation : it  was  of  brick,  and  some- 
what curved,  being  vertical  at  the  lop,  while  the  incli- 
nation  of  the  chord,  or  the  mean  inclination,  was  1 1®  18', 
ns  is  supposed  in  the  second  table.  Hence  it  appears  that 
the  friction  must  have  been  somewliai  less  than  | of  the 
weight,  and  that  the  materials  would  have  stood  at  nil  an- 
gle of  about  23'’:  to.  have  overturned  this  wall,  the  ma- 
leriaU  must  have  exhibited  a friction  of  alxiut  one-third 
of  the  weight,  and  have  been  incapable  of  standing  at  a 
greater  inclination  than' about  20°. 

In  genera),  it  wilt  be  unquestionably  proper  to  calcu* 
late  on  a friction  notcxct»cdiiig  ^of  the  wcighlj  and  fornake 
the  thickness  of  a waH.lf  vertical,  at  teasing  nr  perhaps  j 
ofiU  heigbt,andif  inclim-d  in  an  angle  of  10^  or  12°, about  f, 
taking  cure  to  securt'  the  foundatiunfrom  sliding, ty  which 
an  inclined  wall  will  otherwise  be  liable  if  its  thickness 
be  lc»s  than  though  a vertical  wail  would  be  safe  in 
this  respect  if  its  thickness  were  sufRcicnt  to  secure  it 
from  being  overturned.  The  disposal  of  a part  of  the  ma- 
terials of  the  wall  ui  the  form  of  counterforts,  or  buttresses, 
will  add  to  the  strength  in  either  case,  especially  with 
respect  to  the  danger  of  overturning;  the  curvature, 
which  is  a cunsiderable  convenience  in  the  case  of  a dock, 
tends  in  a slight  degree  to  lessen  the  stability  w ith  respt'Ct 
to  sliding,  ami  makes  it  still  more  necessary  to  attend  to 
the  accurity  of  the  foundation.  On  fhr  other  hand,  when 
we  have  aii  opportunity  of  ascertaining,  by  a simple  ex- 
periment, the  utmost  fluidity  that  can  be  communicated 
by  accidental  moisture  to  a chalky  or  gravelly  soil,  these 
calculations  may  often  justify  us  in  saving  a very  great 
>xp**nse,  by  proportioning  the  strength  of  the  work*  to  the 
obj<‘Cl  required  to  be  attained  by  thent. 

Centre  q/‘PRBSSURR,  in  Hydrostatics,  is  that  point  of 
any  plane,  to  which,  if  the  total  pi^isare  were  applied,  its 
erteJl  upon  the  plane  would  be  the  same  as  when  it  wns 
distribtitcd  unequally  over  the  whole;  or  It  is  that  point 
in  which  the  whole  prr'ssu re  may  be  conceivevl  to  be  uni- 
ted; or  it  w that  point  to  which,  if  a force  were  applircl 
rt|ual  to  the  tot^l  pressure,  but  within  opposite  direction, 
it  would  exactly  balance,  qr  restrain  the  effect  of  the  pres- 
sure, so  that  the  htnly  pressed  on  would  not  incline  to  cither 
st^e.  Thus,  if  abcd  (2d  fig.  above)  be  a vessel  of  water, 
and  the  side  nc  be  pressed  upon  with  a force  equivalent 
to  20  pounds  of  water,  this  force  is  unequally  distributed 
over  Bc,  for  the  parts  near  » arc  les«  pressed  than  iboM 
VoL.  11. 
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fH'arc,  which  are  at  a greater  depth;  and  therefore  t/ie 
efforts  of  all  the  |>arlicular  pn^sures  aic  united  in  some 
point  E,  which  is  nearer  to  c than  to  b j and  that  point  b 
is  calk'd  the  centre  of  pressure;  and  if  to  that  point  a 
force  equivalent  to  20  pounds  weight  be  applied,  it  will 
affect  the  plane  bc  in  the  same  manner  as  by  the  pressure 
ot  the  water  distributed  unequally  over  the  whole  ; and  if 
U>  the  same  point  the  same  force  bc  applied  in  a contrary 
direction  to  that  of  the  prmure  of  Uic  wuter,  the  force 
and  the  pressure  will  balance  each  other,  and  by  opposite 
endeavours  destroy  each  other's  effects,  bupposing  a cord 
RF<4  fixed  at  E,  and  passing  over  the  pulley  r,  has  a wei^^ht 
of  20  pounds  annexed  to  it,  and  that  the  part  of  the  cord 
FE  is  p/cpendicular  to  bc;  then  tbc  effort  of  the  weight 
o is  equal,  and  its  direction  conii^ry,  u»  that  of  the  pixs* 
sufc  of  the  water*  Now  if  e Ibs  the  centre  of  pressure, 
these  two  powers  will  be  in  equilibrio,  and  mutually  de- 
stroy eacli  other's  effects. 

This  point  e,  or  the  centre  of  pressure,  is  the  same 
with  the  cciUrc  of  percussion  of  the  plane  bc,  the  poipt  of 
suspciisiutv  being  b,  the  surface  of  the  water.  Ami  if  the 
plane  be  obiique,  the  case  is  still  the  same,  tnking  for  the 
axis  of  suspension,  the  intersection  of  that  plane  and  the 
surface  of  tlic  fluid,  both  produced  if  necessary.  See 
Corps's  lA'Clures,  pa.  <i0,  &:c.~-'riie  centre  of  pni*.uie  upAn 
a plane  parallel  <o  the  horizon,  or  upon  any  plane  where 
the  pn  ssure  is  uniform,  is  the  same  as  the  ciiitix*  of  gra- 
vity of  that  f)!anc.  For  the  pressure  acts  upon  every  part 
in  the  same  munner  ns  gravity  does. 

IMIFSTKT  (Joiix),  a priest  of  the  Oratory,  was  born 
at  Chalons-sur-Saone,  in  lb*5S.  He  went  to  Paris  early 
in  life,  where,  hav  ing  finished  his  studies,  bo  was  cntiTtaiu* 
ed  by  father  Malbruuclie,  who  taught  him  mathemutics, 
in  which  his  young  pupil  tnaiie  so  rapid  n progress,  that 
at  17  years  of  age  he  pubiished  the  first  edition  of  his  Lie- 
mens  dcs  Malhomatiques.  In  the  same  year  he  entcivd 
the  congregation  of  the  Oralury,  and  taught  mathematics 
with  much  nputQtion,  particularly  ai  Angers  and*nt 
Nantes.  Rut  be  died  in  1690, 32  years  of  agc.-*Hii 
Klemcns  above  noticed,  contain  many  curious  problems  f 
the  best  erlition  is  that  of  1(>85>,  in  2 vols.  4(0. 

PRICE  (Richard),  d.  d.  and  f.  r.  s.  wm  bofn  in 
Giamorgunvhire  in  1723,  and  died  in  171^1.  about  years 
of  age.  He  rcccivcrl  his  education  in  a private  ucadeury', 
afterwhich  he  became  minister  to  a congregation  at  New  ing- 
ton,  in  Middles«.\  ; w hence  he  removixl  to  that  of  Hackney. 
He  was  also  lecturer  of  thcioecting*house  in  the  OldJewry,  • 
in  London.  In  1704  he  became  r.  r.  s.  and  n.  r>.  by  a di« 
pinma  from  a Scotch  university.  At  the  time  of  the  .Ame- 
rican war  he  made  himsi  lf  conspicuous  by  bis  seal  in  the 
cause  of  liberty,  which  he  also  displayed  on  several  other 
occasions;  and  for  (he  publication  of  his  Observations  on 
Lilierty  and  Civil  Government,  he  had  the  thanks  of  the 
city  of  Ixmdim.  Among  many  other  learned  accomplish- 
ments, Dr.  Price  wus  no  mean  math<‘matician,  which  en- 
abled him  to  treat  with  peculiar  precision,  the  calculations 
relating  to  |>oliiicnl  ariihmetlc,  population,  annuities,  Arc. 

It  is  even  said  (hat  he  had  the  honour  of  suggesting  to  (he 
late  prime  minister,  Mr.  Pitt,  the  mcaBiire  of  the  present 
sinking  fund,  to  extinguish  the  national  debt,  by  the  aljot- 
meril  of  an  annual  million  to  accumulate  at  compound 
intcn*st.  Dr.  Prices  principal  works  arc:  l.Four  Dis- 
sertations on  Providence  and  Prayer;  on  the  importance 
of  Christianity,  &c.  2.  A Review  of  the  principal  Ques- 
tions and  Difficulties  in  Murals.  3.  Observaliuns  on  Re- 
versionary Payments,  Annuities,  Ate,  2 vols,  8vo.  4, 
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cuasion  of  ihc  Docirints  of  Materialism  ami  Necessity,  in 
a correspondence  with  Dr.  Priestley.  5.  llssay  on  the  Po- 
pulation of  r.nglanil  and  Wales.  (),  A volume  ol  Sermons. 

PRlKSl  l.tV  (JosLrii),  L L.  D.  Sind  f.r.s.  was  born 
on  March  13,  1733,  at  Field-head,  in  the  parish  ofBir- 
aluli,  in  the  west-riding  dfVorkshirc.  H is  father  was  con- 
cerned in  the  cloth  manufacture,  and  intended  his  son  Ji>- 
fcpli  also  for  trade,  but  was  induced  to  change  his  mind 
by  the  youth’s  early  attachment  to  reading  and  literary 
pursuits.  After  a pretty  extensive  course  of  classical  stu- 
dies, at  19  years  of  age  he  entered,  us  a divinity  student, 
the  academy  of  Davenlry,  under  Dr.  Ashworth,  as  succes- 
sor of  that  kept  by  Dr.  Doddridge  at  Nortimmpton.  lie 
then  officiated  for  some  years  as  a minister  at^ditferent 
places : aud  in  17^1  joined  the  ac.:ulemy  of  Wnrringlon, 
as  a lecturer  in  belles  ie\tresj  where  his  Biographical  wd 
Historical  Charts  appeared,  as  also  his  writings  on  sub- 
jects of  liistor}',  general  politics,  &c:  and  here,  in  I7f>7, 
was  published  his  History  of  Eleciriciiy.  In  1770,  Dr« 
Priestley  accepted  the  hiiuation  of  domestic  librarian  to 
the  earl  of  Shelburne,  or  rather  bis  literary  aud  philoso- 
phical companion,  in  the  hours  that  could  he  devoted  to 
such  pursuits.  His  liistory  and  Present  State  cf  Disco- 
veries relating  to  Vision,  Light,  and  Colours,"  in  2 vois. 
4te,  appeared  in  \77‘Z\  which  may  be  considered  as  a 3d 
part  of  a general  history  of  the  philosophical  acicrKcs  \ and 
which  indeed  proved  (he  last,  os  the  encouragement  of 
this  work  fell  far  short  of  that  of  the  History  of  electri- 
city. In  1775  came  out  hU  “ Fxaminaliun  of  Dr.  Reid 
on  the  Human  Mind  ; Dr.  Beattie  on  the  Nature  and  Im- 
mutability of  Truth ; ami  Dr.  0.swald’s  Appeal  to  Com- 
mon Sense."  In  1777,  “ Disquisitions  relaUng  to  Matter 
nnd  Spirit"  And  soon  after,  his  correbjHuidencc  with  Dr. 
Price,  relative  to  the  same  points.  In  sevi-ral  volumes  of 
the  Philos.  Trans.,  as  well  as  in  si'parate  publications  of  his 
own,  arc  seen  his  numerous  papers  on  discoveries  relating 
to  aeriform  fluids,  and  other  chemical  subjects;  besides 
many  others  on  theology. 

Dr.  Priestley’s  eiigagcn)cnt  with  lord  Shelburne  having 
ceased  in  1730,  he  accepted  the  office  of  pastor  to  a con- 
gregation at  Birmingham;  whence  soon  after  issued  some 
of  tht  most  important  of  bis  theological  works;  from 
which  arose  several  controversies  on  such  topics,  with  Dr. 
Horsley  and  other  learned  men.  Dr.  Priestley  remained 
nt  Birmingham  till  I79H  when  his  house  and  librarywerc 
burnt,  with  many  others,  in  a popular  commotion  in  that 
place.  After  some  little  lime  an  invilation  to  succeed  Dr. 
Price,  in  a congregation  at  Hackney,  gave  Lira  a tempo* 
rary  residence;  till,  in  l79I-»  sailed  fur  North  America, 
where  he  settled  at  the  town  of  Northumberinmi,  in  the 
state  of  PcniL^ylvania,  for  the  remainder  of  bis  life;  and 
where  he  died  the  9th  of  February  1804,  at  nearly  71 
years  of  age. 

The  folliming  has  been  given  as  a true  character  of  Dr. 
Priestley. — **  1 beg  you  will  insert  (he  fuliowing  faithful 
portrait  of  a man  whose  character  has  been  grossly  mM- 
represented  by  interested  enemies,  an<l  misconceived  by  a 
deluded  public.-— He  was  a patient,  indefatigable,  acute, 
and  judicious  experimental  philosopher;  a candid,  bold, 
and  unguarded  disputant  in  theology;  a sincere  and  zea- 
lous Christian,  a serious  and  rational  preacher  of  the  prac- 
tical morality  of  religion— but  without  the  least  pretension 
to,  or  affecftition  of,  oratorical  ornaments.  His  mind  cm- 
braerd  the  whole  extent  of  the  knowledge  and  literature 
in  his  closet ; but  In  the  aifairs  of  the  world,  he  w as  & plain, 
uninformed,  unaccomplished,  honest  man.  1\'hat  be  be- 


lieved to  be  true  he  thought  tt  bU  duty  to  propagate, with- 
out any  regard  to  l»iv  own  interest  or  the  prejudices  of 
mankind.;  but  being  overpowered  by  calumny  and  oppres- 
sion, he  was  compelled  to  seek  a n*sidcucc  among  strangers, 
and  leave  bi»  principle's  and  character  to  the  impartial 
judgment  of  posterity." 

riU.MAHV  Planeu,  are  those  which  revolve  round  the 
sun  as  a centre.  Such  are  the  plaiKts  .Mercury,  Venus, 
Terra,  (the  Earth,)  Mars,  Vesta,  .luno,  Pallas, -Ceres,  Jupi- 
ter, Saturn,  and  Herschrl,  5rc.  They  arc  thus  called,  in  , 
coniradtstinction  from  the  st'condary  planets,  or  satellites, 
which  revolve  about  thtir  respective  primaries.  See 
PLANET. 

PaiMR  and  Ut.TitfATC  Ratios,  a method  invented  by 
sir  Isaac  Newton,  at  once  to  avoid  the  (ediousness  of  tbe 
ancients  and  th«  inaccuracy  of  the  modems.  The  founda- 
tion of  this  method  is  contained  in  the  first  lemma  of  the 
lint  book  of  the  Prinopia.— >This  lemma  may  be  thi^s  ex- 
plained. Let  there  be  two  quantities,  one  flxed  and  the 
other  varying,  mj  related  to  each  olhcr,lhat,  1st,  the  vary- 
ing quantity  coutinualiy  approaches  to  th(  tixed  quantity  ; 
3d,  that  the  varying  quantity  never  reaches  or  can  pass 
beyond  the  tixed  one;  3dly,  that  the  varying  quantity  ap- 
pruacbc*s  neun*r  to  the  fixed  one  than  by  any  assigned  dif- 
ference; then  is  such  a flxed  quantity  called  the  limit  of 
the  varying  one;  or,  in  a looser  way  of  speaking,  these 
quantities  may  be  said  to  be  ultimately  equal  or  in  a 
tuiio  of  equality. 

On  this  subject,  sec  Newton's  Prinetpia,  lib.  1 ; Smith’s 
Fluxions;  Ludlam  ou  Ultimate  Ilatius ; Sec, 

PR1ME.S,  denote  the  first  div4sioiu  into  which  some 
whede  or  integer  u divided.  As,  a minute,  or  prime 
minute,  the  60ih  part  of  a degree  ; or  the  tirst  place  of  de- 
cimals, being  the  lOlh  parts  of  units  ‘„or  the  flrst  divi>ion  of 
inches  in  duodeciinuU,  being  the  i3ih  parts  of  inches;  &c. 

Prime  Au/nkcri,  arc  th6se  which  cun  only  be  measured 
hy  unit9,  or  exactly  divided  without  a remainder,  I being 
the  only  aliquot  part ; as  2,  3,  5,  7.  H,  13,  17,  Arc.  And 
they  arc  otherw  ise  called  Simple  or  liicompusitc  numl>crs. 

Tbe  jH'culiar  proju  rty  of  prime  numbers,  as  to  their 
forms,  the  method  of  finding  them,  and  the  many  col- 
lateral truths  that  have  been  derived  from  the  iavistiga- 
tions  of  those  properties,  have  rendered  them  deserving  of 
the  particular  attention  of  mathematicians;  and  accord- 
ingly, we  find  some  of  the  most  celebrated  analysts  of  mo- 
dem times  have  bestowed  on  the  theory  of  those  numbers 
many  elaborate  and  ingenious  investigations;  among 
whom,  those  who  have  more  particularly  distinguished 
themselve.s,  are  Bachet,  Fermat,  Euler,  Lagrange,  Le- 
gendre, nnd  Gauss;  the  united etforts  of  tht'se  celebrated 
authors  to  any  particular  subject,  cannot  fail  of  giving  it 
cortsiilcrablc  importance  in  the  opinion  of  mnthematiciuus,< 
at  the  »nmc  time  that  we  may  expect  from  their  combined 
ami  concentrated  labours,  that  many  interesting  truths 
have  been  the  rewarjl  i^'  so  much  talent  and  ingenuity. 

It  would  be  contrary  to  the  plan  of  this  work  to  enter 
at  any  length  into  the  invevtigatioiis  above  alluded  to,  but 
the  result  of  them  will  no  doubt  be  Qcccptabic  to  th«- 
reader;  we  sholl  therefore  content  oumdves  with  record- 
ing some  of  the  most  iniport.*int  of  those  propositions,  rt'- 
ferring  for  their  invfsHgytiuns  ami  demonstrations  (o  the 
authors  above  quoted,  viz,  Bachet’s  Diophantus  published 
in  Ki'Jl,  and  his  work  crililled.  Problems  plulsans  et  dt^ 
h'ctables  A'C ; Fermat’s  edition  of  Bachet's  Dinphantus, 
with  notes,  published  in  I6’?0;  Euler’s  Algebra  published 
in  German  1770,  and  since  trofisluted  into  the  Hu>sian, 
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French,  and  Eugli«h  languages,  with  the  additions  by  La- 
grange, on  the  same  «ibjcct ; also  to  the  Analysis  Inhni- 
torum  of  tbe  same  author,  and  more  particularly  to  the 
Petersburg  Acts,  which  contain  many  of  tlic^ngcnious  la- 
bours of  this  celebrated  geometer;  Lagrange's  additions 
to  Euler’s  Ai;>ebra  above  quoted,  and  to  the  Berlin  Me- 
moirs from  1760  for  several  years.  But  the  most  elabo- 
rate and  connected  works  on  the  subject  of  numbers  are 
those  of  Legendre,  entitled  Lssai  sur  la  I'heoric  dcs  Norn- 
bnts,  second  edition,  published  in  1808;  and  the  Oisqui- 
siliones  Arithmetics  by  M.  Gauss,  published  at  Leipsick 
ia  1801,  and since(1807)  translated intoJPrench  by  Poulet 
Delisle,  under  the  title  of  Recherches  Arithmetiques. 

In  these  works  the  reader  will  find  the  subject  of  num- 
bers handled  in  the  most  masterly  manner,  many  parti- 
cular properties  of  tbe  prime  imro^rs  accurately  demon- 
slraUrd,  and  their  applications  to  various  parts  of  the  In- 
determinate and  general  Analysis. 

Every  prime  number,  greater  than  2$  is  of  one  of  the 
forms  4r»  1,  or  4n  1.  ^ 

Every  prime  number,  greater  than  3,  is  of  one  of  the 
forms  6a  If  or  6a  — I. 

Aid  as,  in  the  former  c»sc,  a may  be  cither  even  or  odd; 
it  therefore  follows,  that  every  prime  number,  exci*pt  2,  is 
of  one  of  the  forms  8n  -e  1 , 8n  -f*  3,  8n  -f-  5,  or  8a  ^ 7* 
In  the  same  manner  we  may  divide  prime  numbers  into 
classes  according  to  any  mo<lulus  at  pleasure,  but  the  last 
four  forms,  in  which  are  included  tbe  first  two -forms 
4a  1 and  4a  ~ 1,  are  those  which  are  found  to  pos- 
sess the  most  distinct  properties.  « 

But  ihougb  every  prime  number,  except  S,  iscontained 
in  one  or  other  of  these  four  forms,  the  converse  of  the  pro- 
position is  not  true,  namely,  that  every  number  in  those 
forms  is  a prime  number.  Indeed  no  formula  has  yet 
been  discovered  that  belongs  e.xclusivriy  to  prime  numbers, 
DOT  has  any  direct  rule  been  given  for  finding  them,  or  for 
ascertaiiUM  whether  a given  number  be  prime  or  not ; 
EtileV  has  However  considerably  simplified  the  method  of 
trials,  to  this  latter  case,  by  means  of  the  dificrent  forms 
of  divisoft  that  belong  to  ceitita  aigabraical  formuls; 
tbu%  be  has  shown,  in  the  Berlin  Memoirs  for  177*, 
that  ib  a 8*'  -*  1 can  have  no  divisors  except  numbers 
of  the  forrnSdtffi  1,  or  S48n  63;  and  having  made 
trials  of  all  the  prime  numbere  in  those  forms,  less  than 
46339,  the  root  of  the  number  A,  and  finding  that  none 
of  them  dividixl  a,  be  thence  confidently  concludes  that 
iP*  — 1 ss  2147483647  is  a’prime  number:  and  this  is 
the  greatest  of  those  that  have  been  verified  at  present. 

It  is  needless  to  observe,  that  without  some  method 
similar  to  the  one  above  gi^xn,  we  should  have  no  means 
of  ascertaining  whether  the  number  was  prime  or  not,  but 
by  IryiM every  prime  number  fora  divisor  from  J to  v^a, 
that  is,  from  1 to  46339,'  which  wpuld  be  too  laborious  a 
task  for  any  one  to  have  attempted. 

Fermat  bad  asserted  that  both  8^'  — 1 and  2^*  — 1 
were  prime  numbers,  but  Euler  has  shown  that  this  last 
may  be  decomposed  into  tbe  factors  3-5- 17 '257*65337- 
b>atusthenia  invented  a method  of  finding  those  num- 
bers, but  it  it  father' roechancttHban  analytical ; this  is 
generally  ••poken  of  under  the  appalialion  of  Eratostbcocs', 
Sieve,  or  the  Sieve  of  Eratosthenes,  adcKripUonofwhicb 
if  given  under  that  article.  See  SiavK. 

i*ropff  tier  IViaii  ffumiert. 

Every  prime  number,  in  ■+•  1,  is  tbe  sum  of  two 
squares,  or  is  of  the  form  a*  V y*.  ' Tbim  17  aw  i* 

29  = 5*  2*i  37  ss  6* 


Every  prime  number,  8a  1,  is  at  the  same  time  of 

the  three  forms  r*  y’,  x*  2y*,  and  x*  — 2y’.  Thus 

41  a 5*  ■+•  4*  = 3*  2*4®  = 7“  2.2®. 

Every  prime  number  8n  -i-  3,  is  of  the  form  x*  2y*. 
Tlius  43  = 5*  2.3®,  and  59  = 3®  2.5®,  &c. 

Every  prime  number,  8n  7*  is  of  the  form  x*  — 2y*. 
Thus  31  = 7*  — 2.3®  and  47  = 7®’— 2.1*,  ^c. 

The  demonstrations  of  these  four  theorems  were  first 
given  by  Lagrange,  in  the  Berlin  Memoirs  for  1775; 
they  may  also  be  found  in  the  nolrs  subjoined  to  the  se- 
cond English  edition  of  Euler's  Algebra,  ft  is  likewise  to 
Lagrange  that  wc  arc  indebted,  if  "not  for  the  demonstra- 
tion of  tbe  properties  contained  in  the  followitn’  table,  at 
least  for  pointing  out  the  method  that  led  to  thorn,  as  is 
ii^enuously  ack  nuwlodged  by  Ix*gen  Jre,  at  pa.  286, 1st  edi- 
tion, and  at  pa.  262,  2d  edition  of  his  Theory  of  Numbers, 
whence  this  tabic  is  extracted. 


Thb/r  of  the  JPbrmr  0/  Prinf  Numbtt^i. 


Priin.  Naabm. 

Fornw. 

1 

4rt  -i-  I 

y’  z* 

2 

6«  -f.  1 

y*  + ys  X* 

3 

8»  + 1,  7 

,*  - 2l* 

4 . 

8n  + 1,  3 

y + 2i- 

5 

12n  1 

,*  - 3t- 

6' 

12»  11 

sy  - 1* 
+ 7i* 

7 

>4"  --  1,  9.  U 

8 

20b  + 1.  9,  11,  19 

y - 5r’ 

9 

20n  -4-  1,  9 

y*  -t-  5x* 

10 

20a  -1-  3,  7 

2y  2,»  4-  3:* 

11 

24«  -►  J,  19 

- 6V 

12 

24n  -H  5.  25 

6y  - i’ 

13 

24a  -4-  5.  11 

2,'  4-  3:’ 

u 

24«  + 1,  7 

y 4-  61" 

li 

2Hb  + 1,  9,  25 

y*  - 7s* 

16 

23n  3,  19,  27 

7y  - 1- 

)7 

30/1  4-  1,  19 

y‘  -f.  15a® 

18 

30n  + 17,  23  . 

3y  4-  sz‘ 

IS 

404  + 1,  9,  31,  39  , 

y - loi* 

20 

40b  ■.  3,  13,  27,  37 

2y  - 5»* 

21 

40»  -t-  1,  9,  11,  19 

y 4-  loi* 

22  ’ 

40b  ♦ 7,  13,  23,  37 

2y*  4-  5i* 

23 

120a  11,  29,  59,  101 

5y‘  4-  61* 

24 

120b  ■.  13,  37,  43.  67 

10,*  4-  3i* 

25 

120b  + 1,  31,  49,  79 

y 4-  30s’ 

26 

I20a  17,  23,  47,  113 

2,’  4-  15i* 

Beside  the  properties  of  prime  numbers  above  (nume- 
rated, and  those  which  arc  given  under  the  article  Nvm- 
BRW,  wc  have  another  to  notice,  the  discovery  of  which 
has  been  the  ndmiratiou  of  every  mathematician  in  Europe, 
namely,  the  solution  of  the  equation  x*  — 1 = 0,  when 
a is  a prime  number. 

'Ibc  first  investigation  and  demonstrarion  of  this  pro- 
blem was  published  by  M.  Gauss,  in  his  truly  ingenious 
work  entiilechDisqomtiones  Aritbmeticx;  though  itseemr 
that  Vandermonde  had  asserted,  in  the  Memoirs  of  the 
Academy  of  Sciences,  at  Paris  in  1771, pa-  4l6,but  with- 
out explaining  the  method,  that  suebequations  were  always 
r^olvable  by  means  of  equations  of  inferior  degrees.  It  is 
however  to  M.  Gausi  that  wc  are  iodebted  fur  the  complete 
development  of  this  intevesting  theorem,  he  having  shown, 
in  the  most  satisfactory  manner,  that  when  n is  a prime 
number,  and  (a  — 1)  is  resolved  into  its  prime  factors 
cr  &c,  ^at  the  solution  of  the  equation  x*  — 2 ss  0 
may  be  obtained  by  means  of  a equations  of  tbe  degree  o, 
2 H 2 
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/3  of  ibe  degree  6,  y of  the  degree  c^  ; lho»  the  equa- 
lion  X*’  — I = 0,  (73  — I being  equal  to  3**?’)  it  re- 
vived by  means  of  two  equations  of  ibu  third  degree,  and 
three  of  the  second ; and  x*®  — 1 sc  0,  (as  18  3*’2‘) 

is  resuhed  by  means  of  two  cubic,  and  one  quadratic  equa- 
tion. And  hence  it  follows,  that  when  n = 2*”  ^ 1 that 
the  equation  x*  — 1 s=  0 may  be  lysolved  by  means  of  p\ 

> quadratic  equations,  in  which  case  tho  roots  may  bu 
found  by  construction,  and  coiiscqurntly  the  circle  muy, 
with  such  values  of  n,  be  divided  into  n equal  parts  by 
means  of  the  scale  and  corapawes  only,  which  was  always 
thought  to  be  impouiblc  till  the  ap|)carancc  of  the  wurV 
above  mentioned. 

Since  17  is  a prime  number  of  this  form,  that  is,  17  » 
2*  1»  therefore  a circle  may  be  divided  geometrically 

into  17  equal  parts;  and  since  15  =:  3 a 5,  and  l6  = 2% 


therefore  the  circle  may  be  divided  into  equal  parts  re. 
presented  by  the  thrive  consecutive  num.l>crs  15,  l(i  and 
17  i tlie  same  is  aUo  true  of  the  three  numbi’rs  255,  256', 
aitd  257,  since  255  = 3 x 5 a 17;  '256  rz  2 , and 
257  =s  2«  -h*l ; also  of  the  three  65535,  65536,  and 
65537i  because  65535  sb  255  x 257t  65536  = 2'^  and 
65537  = 2“  I,  But  as  2’^  .»•  I is  not  a prime,  we 
cannot  pursue  this  reasoning  any  farther.  SeeOauis's 
Disquisitlones  Ahihmcticse,  L(*gcndrc*s  Essai  «ur  la 
Throne  des  Nombres,  2d  Edition,  and  the  Complement 
to  Lacloix’s  Algebra. 

The  following  Table  contains  all  tho  prime  numbers, 
and  all  the  odd  composite  numbers,  under  10,000,  with 
the  least  prime  divisors  of  these;  the  description,  nature, 
and  lue  ol  wlucb,  sec  immediately  following  the  table. 
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A Table  qf  Prime  and  Compoeite  Odd  Smhers,  under  10,000. 


M 

35 

so 

37 

3M 

39 

U)41 

42 

13 

U 

15 

+fl|+7 

46 

10 

•M' 

51 

52 

53 

5-1 

u 

57 

joo 

8l|02 

63 

64 

65 

06 

67 

01 

10 

s 

15 

5 

47 

3 

1 1 

5 

7 

13 

s 

13 

3 

01 

7 

3 

II 

3 

3 

17 

d 

37 

3 

7 

41 

31 

3 

7 

3 

1 1 

3 

13 

7 

5 

3 

03 

3 

'll 

3 

13 

: 

3 

17 

3 

to 

7 

3 

07 

3 

11 

5 

3 

7 

59 

3 

17 

3 

11 

7 

3 

07 

if 

a 

3 

1! 

3 

31 

1 

7 

13 

3 

19 

09 

7 

1 1 

■5 

13 

3 

19 

7 

3 

31 

3 

11 

17 

3 

09 

3 

3 

7 

71 

s 

37 

19 

3 

II 

7 

3 

13 

23 

3 

II 

3 

23 

3 

17 

3 

3 

1 1 

IS 

3 

7 

17 

3 

11 

19 

s 

47 

I 

5 

31 

3 

23 

a 

3 

17 

U 

3 

13 

S 

47 

S 

7 

3 

11 

19 

3 

% 

S 

17 

3 

13 

1 s 

3 

37 

3 

2i: 

3 

7 

! 

50 

1 1 

3 

17 

7 

17 

3 

5 

1 1 

3 

23 

5 

7 

3 

53 

3 

20 

17 

7 

3 

1.5 

3 

II 

5 

01 

1 1 

3 

3 

7 

13 

S 

ID 

1 3 

3 

7 

3 

3 

7 

3 

31 

5 

lil 

3 

19 

17 

3 

3 

7 

IJ 

3 

13 

29 

d 

71 

7 

3 

21 

11 

7 

3 

ni 

3 

13 

3 

29 

1 

3 

7 

21 

3 

23 

17 

S 

7 

3 

31 

3 

3 

3 

11 

23 

3 

15 

3 

3 

7 

41 

5 

3 

7 

3 

25 

47 

3 

11 

3| 

39 

3 

19 

3 

7 

3 

1 1 

37 

3 

27 

25 

-3 

13 

3 

S 

ID 

3 

7 

2'- 

3 

IS 

II 

•27 

3 

7 

3 

17 

3 

3 

1 1 

IS 

3 

61 

3 

7 

2» 

3 

IP 

3 

7 

3 

3 

I'i 

7 

.3 

n 

3 

47 

2*' 

•25 

3 

73 

6I 

3 

IS 

17 

3 

7 

3 

3 

7 

3 

31 

17 

3 

7 

3 

29 

3 

at 

3 

23 

1 1 

3 

% 

31 

7 

5 

3 

11 

7 

3 

37 

3 

13 

59 

3 

19 

53 

33 

3 

3 

37 

3 

3 

It 

3 

11 

s 

7 

13 

3 

J 

II 

13 

3 

19 

17 

3 

23 

3 

7 

47 

2 

37 

7 

3 

.17 

3 

31 

II 

3 

19 

3 

IS 

3 

i 

3 

37 

II 

3 

7 

S 

13 

3 

17 

5 

41 

3 

5'» 

3 

1 1 

3 

7 

3 

23 

5 

7 

s 

II 

3'i 

3 

13 

ID 

» 

2d 

3 

3 

7 

17 

3 

17 

13 

3 

23 

41 

3 

11 

3 

33 

7 

3 

41 

3 

19 

3 

11 

17 

3 

71 

11 

53 

3 

7 

3 

3 

13 

7 

3 

70 

17 

3 

31 

2(1 

3 

43 

1 1 

.> 

19 

3 

13 

3 

13 

3 

( 

3 

26 

3 

43^ 

37 

7 

3 

23 

S 

3 

3 

17 

3 

7 

11 

47 

3 

7 

5 

3 

1 1 

31 

3 

3 

17 

37 

3 

7 

47 

3 

la 

3 

7 

3 

19 

3 

II, 

3 

17 

3 

4D 

J 

4> 

23 

3 

1 1 

3 

7 

3 

3 

13 

7 

S 

49 

19 

29 

3 

31 

3 

5 

23 

11 

3 

61 

17 

51 

7 

33 

3 

1 1 

3 

7 

3 

16 

3 

3 

51 

3 

50 

! 

7 

3 

11 

3 

7 

3 

3 

43 

33 

3 

11 

13 

3 

50 

3 

3 

<il 

29 

3 

7 

23 

s 

31 

55 

3 

5S 

7 

3 

II 

3 

3 

13 

3 

3 

37 

3 

13 

7 

3 

3 

3 

67 

3 

13 

57 

3 

7 

11 

3 

3 

7 

3 

♦7 
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lo  the  foregoing  toble>  all  the  odd  numbers  that  end 
with  5 arc  omitted,  bccai;&r  it » known  that  5 is  a divisor, 
or  aliquot  part  of  every  such  number.— The  disposition  of 
the  prime  and  composite  odd  numbers  in  this  table,  is 
along  the  top  line,  and  down  the  hrst  or  Ici't-hand  column; 
while  their  least  prime  divisors  are  placed  in  the  angles  of 
meeting  in  the  body  of  the  page.  I'hus,  the  figures  along 
the  lop  line,  viz,  0, 1,  2, 3,  4,  &c,  to99»  ore  so  many  bun* 
dreds;  and  tbu&e  down  thb^rst  column,  from  1 to  99  also, 
are  units  or  ones;  and  ike  former  of  these  set  before  the 
latter,  make  up  the  whole  number,  whether  it  be  prime  or 
composite;  Just  like  the  dispoattion  of  the  natural  num- 
bers in  a table  of  logarithms.  Thus  the  1 6 in  the  top  line, 
joined  with  (he  19  in  the  first  column,  makes  the  number 
1619  : the  angle  of  their  meeting,  viz,  of  the  column  under 
16,  and  of  the  line  of  1 9>  being  blank,  shows  that  the  num- 
ber 1619  has  no  aliquot  part  or  divisor,  or  that  it  is  u 
prime  number,  in  like  manner,  all  the  other  numbers 
are  primes  that  have  no  figure  in  their  angle  of  meeting, 
as  the  numbers  41,  401,9l9»^c.  But  when  the  two 
parts  of  any  number  have  some  figure  in  their  angle  of 
meeting,  that  hgurp  is  the  least  divisor  of  the  number, 
which  is  therefor*  not  a prime,  but  a composite  numlicr: 
so  301  has  7 for  its  least  divisor,  and  803  bas  11  for  its 
least  divisor,  and  I$33  has  23  for  its  least  divisor. 

Hence,  by  the  foregoing  table,  are  immediately  known 
at  sight  all  the  prime  numbers  up  to  10,000;  and  hence 
also  arc  n-adily  found  all  the  divisors  or  aliquot  parts  of 
tli^  composite  numbers,  namely  in  this  manner:  Find  the 
least  divisor  of  the  given  number  in  the  table,  as  above; 
divide  the  given  nutnbi'r  by  ibis  divisor,  and  consider  ibe 
quotient  as  another  or  new  number,  of  which  find  the  least 
divisor  also  in  the  table,  dividing  the  said  quotient  by  this 
last  divisor;  tind  so  on,  dividing  always  the  lust  quotient 
by  its  least  divisor  found  in  the  table,  till  a quotient  be 
found  that  is  a prime  number:  then  are  the  said  divisors 
and  the  last  or  prime  quotient,  all  the  simple  or  prime  di- 
visors of  the  first  given  number;  and  if  these  simple  divi- 
sors be  muiiiplied  together  thus,  viz,  every  two,  and  every 
three,  and  every  four,  &c,  of  them  together,  the  several 
products  will  make  up  the  compound  divisors  or  aliquot 
parts  of  the  first  given  number;  noting,  that  if  the  given 
number  be  an  even  one,  divide  it  by  2 till  an  odd  number 
come  out. 

For  example,  to  find  all  the  divisors  or  comjiODent  fac- 
tory of  the  number2l0.  This  being  an  even  number,  di- 
viding it  by  2,  one  of  its  divisors,  gives  105 ; and  this  end- 
ing with  5,  dividing  it  by  5,  another  of  its  faciort,  gives 
21 ; and  the  least  divisor  of  21,  by  the  table  is  5,  the  quo- 
tient from  which  is  7;  therefore  all  the 
prime  or  simple  factors  of  the  given  num- 
ber, are  2, 3, 5,7.  Set  these  therefore  down 
in  the  first  line  as  in  the  margin;  then 
multiply  the  2 by  the  3,  and  set  the  pro- 
duct 6 below  the  3 ; next  multiply  the  5 
by  all  that  precede  it^viz,  2,  3,  0,  ami  set 
the  products  below  the  5;  lastly  multiply 
the  7 by  all  the  seven  factors  preceding  it, 
and  Set  the  products  below  the  7;  so  shall 
we  have  all  the  factors  or  divisora  of  the  given  number 
210,  which  are  these,  viz, 

2.  3,  5,  6,  7.  10,  14,  15,  21.  30,  35,  4J.  70.105. 

A table  containing  every  divisor  of  every  number  from 
1 to  10,000,  <vas  given  by  Anjemu,  and  was  rcpriiile<l  in 


London  in  1747*  And  a much  more  extensive  tabic  of  this 
kind  is  given  in  the  second  edition  of  Vega's  tables,  where 
also  is  a table  of  all  prime  numbers  to  400,000. 

Prime  Vertical,  is  ibat  vertical  circle,  or  azimuth,  which 
is  perpendicular  to  the  meridian,  and  passes  thcough  the 
east  and  west  points  of  the  horizon. 

Prime  ycriicaU,  m Dialling,  or  PniuE-Ferrtca/ Dials, 
arc  those  that  are  projected,  on  the  plane  of  the  prime  ver- 
tical circle,  or  on  a plane  parallel  to  it.  These  are  other- 
wise called  direct,  erect,  north,  or  south  dials. 

Prime  qf  the  Moon,  is  the  new  moon  at  her  first  appear- 
ance, for  about  3 days  after  her  change.  It  means  also* 
the  Golde^  Number;  which  see. 

PR  1 MUM  Mobile,  in  the  PtolemaitT  Astronomy,  is  sup- 
posed to  5e  a vast  sphere,  whose  centre  is  that  of  the  world, 
and  in  comparison  of  which  the  earth  is  but  a point.  This 
they  describe  as  including  all  other  &pheiTs  within  it,  and 
giving  motion  to  them,  turning  itself  and  all  the  rest  quite 
round  in  24  hours. 

PRINCIPAL,  in  Arithmetic,  or  in  Commerce,  is  the 
sum  lent  upon  interest,  either  simple  or  corfipuund. 

PrirCIPal  Point,  in  Perspective,  is  a point  in  tbe  per- 
spective plane,  upon  which  falls  the  principal  ray,  or  line 
from  the  eye  jicrpcndicular  to  the  plane.  'I'his  point  is  m 
the  intersection  of  the  horizontal  and  vertical  planes ; and 
is  also  called  the  point  of  sight,  and  point  of  (be  eye,  or 
centre  of  (he  picture,  or  again  the  point  of  concurrence. 

Principal  Ray,  in  IVrspcctive,  is  that  which  passes 
from  tbe  spectator’s  eye  perpendicular  lo  the  picture  or 
perspective  plane,  and  so  meeting  it  it^he  principal  point. 

PRINGLE  (.Sir  John),  Baronet,  the  late  worthy  pre- 
sident of  the  Royal  Society,  was  born  at  StichcUhouse,  in 
the  county  of  Roxburgh,  North  Britain,  April  10,  1707. 
His  father  was  Sir  John  Pringle,  of  Stichel,  Bart,  and  his 
mother  Magdalen  Eiliott,  was  sister  to  Sir  Gilbert  Elliot, 
of  Stobs.  Baronet.  He  was  tbe  youngest  of  several  A>ns, 
three  of  whom,  besides  himself,  arrived  to  years  of  matu- 
rity. After  receiving  his  grammatical  education  at  home, 
be  waaaent  to  the  university  of  St.  Andrews,  where  having 
staid  some  years,  he  removed  to  Edinburgh  in  1727,  to 
study  physic,  that  being  the  profession  which  he  now  de- 
termined to  follow.  He  staid  however  onlyonc  your  at 
Edinburgh,  being  desirous  of  going  to  Leyden,  w hich  was 
then  tbe  most  celebrated  school  for  medicine  in  Europe. 
Dr.  Boerhaave,  who  had  brought  that  university  into  great 
reputation,  was  considerably  advanced  in  years,  and  Mr. 
Pringle  was  desirous  of  benefiting  by  that  great  man  s lec- 
tures. ARer  having  gone  through  his  proper  course  of 
studies  at  Lcyden«  he  was  admitted,  in  1730,  to  his  doctor 
of  physic's  degree;  upon  which  occasion  his  inaugural 
dissertation,  De  liarcore  Scnili,  was  printed.  On  quitting 
Leyden,  Dr.  Pringle  rrtunted  «pd  settUxl  at  Edinburgh  as 
a physician,  where,  in  1734,  he  was  appointed,  by  the  ma- 
gistrates and  council  of  the  city,  to  he  joint  professor  of 
pneumatics  and  moral  philosophy  with  Mr.  Scott,  during 
this  gc-nllcmans  life,  and  sole  professor  after  liis  decease; 
being  also  admitted  at  the  same  time  a member  of  the  uni- 
versity. In  discharging  the  duties  of  this  new  employ- 
ment, his  text-book  was  Puficndorlf  De  Officio  Hominiset 
Civis;  agreeably  to  the  method  he  pursued  through  life, 
of  making  fact  and  experiment  the  basis  of  science. 

Dr.  Pringle  continued  in  the  practice  of  Physic  at  Edin- 
burgh, and  in  duly  perlbrming  the  office  of  professor,  till 
1/42,  when  be  was  appointed  physician  to  ibcearl  of  Staii*, 
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who  Ihen  commanded  the  British  array.  By  the  interest 
ol  this  nobleman,  Dr.  Pringle  was  constituted,  the  same 
year,  physician  to  the  military  hospital  in  Klamlcrs,  with 
a salary  of  iO  shillings  a duy,  and  the  right  to  half-pay 
fur  iile.  On  this  occasion  he  was  ptrnnitled  to  retain  his 
professorship  of  moral  philosophy ; two  gentlemen,  M«  ^srs. 
Muirbead  aod  Cleghorn  ICHching  in  his  absence,  as  long 
as  he  rv(|ucsiedl  it.  The  great  attention  which  Dr.  Prihglc 
paid  to  his  duty  as  an  army  physician,  is  evident  from 
every  page  of  his  Treatise  on  the  Diseases  of  the  Army,  in 
tiie  execution  of  which  office  he  was  sometimes  exposed 
io  very  imminent  dangers.  He  soon  after  also  met  with 
mo  small  otiiituou  in  the  retireimnl  of  his  gnat  friend  the 
earl  of  Stair,  Iroin  the  army.  He  olTered  to  resign  with 
his  noble  patron,  but  was  not  pernnlied:  he  wasTherofure 
obliged  to  cvmlcnt  himself  with  tealifying  his  respect  and 
gratitude  to  hint,  by  accompanying  the  earl  40  miles  on 
his  return  to  England;  after  which  be  took  leave  of  him 
with  the  iiimosl  regret. 

But  though  Dr.  Piinglc  was  thus  deprived  of  the  imme- 
diate protoi  tmh  of  a nobleman  who  knew  and  esteemed 
his  worth,  his  conduct  m the  duties  of  his  station  procured 
him  eflcctu.nl  support.  He  attended  the  array  in  Flanders 
through  the  campaign  of  1744,  and  so  powerfully  recoin- 
inendrd  himself  to  the  duke  of  Cumberland,  that  in  the 
spring  following  he  had  a commission,  appointing  him  phy- 
sician-eentTal  to  the  king’s  forctu  in  the  Low-Countries, 
«nd  parts  beyond  ihe  seas;  and  on  the  next  day  he  re- 
ceived a second  commission  from  the  duke,  constituting 
him  physician  to  ilje  royal  hospitals  in  those  countries. 
In  consiqucnce  of  these  pepinotions,  he  the  same  year  re- 
aigned  his  proft^ssorship  in  the  university  of  Edinburgh. 

In  1745  be  was  also  with  the  army  in  Flanders;  but 
was  recalled  from  that  country  in  the  latter  end  of  the 
year,  to  attend  the  forces  which  were  to  be  swnt  agaiml 
the  febels  in  Scotland.  At  this  time  he  bad  the  honour 
of  being  cbosen'T.  r.  s.  and  the  Society  had  good  reason 
to  be  pleased  with  the  addition  of  such  a member.  In 
the  bi-ginniiig  of  I74-6,  Dr.  Pringle  accompanied,  it*  his  offi- 
cial capacity,  the  duke  of  Cuinb^'rland  in  his  i‘xpcdition 
ugainst  the  rebels;  and  remained  wirii  the  forces,  alter 
the  battle  of  Culloden,  till  ihiirrcturn  to  England  the  fol- 
lowing suinmer.  In  1747  and  1748,  hft:  again  aitbndcd 
the  army  abroad  ; but  in  the  autumn  of  1748,  he  embark- 
ed with  the  forces  for  England,  on  the  signing  of  the  treaty 
of  Aix-la-Chapylh.  • 

From  that  time  he  mostly  resided  in  London,  where, 
from  his  known  skill  and  experience,  and  the  reputation 
he  had  acquired,  he  might  reawmably  expect  to  succeed 
as  a physician.  In  1749  he  was  appointed  physician  in 
ordinary  to  the  duke  of  <'im»bcr!aml.  i-And  in  1750  he 
published,  in  a letter  to  Or.  Mead,  Observations  on  the 
Gaol  or  lliHipitul  Fever:  this  piece,  w^th  some  alterations, 
was  jiftvi wards  included  in  his  grand  work  on  the  Diseases 
of  the  Army. 

In  this  and  the  two  following  years  Dr.  Pringle  com- 
municated to  the  Royal  Society  bis  celebrated  Expert- 
meuts  upon  Septic  and  Antiseptic  .Substances,  wuih  Re- 
marks relating  to  their  Cse  in  the  Theory  of  Medicine ; 
some  of  which  were  printed  in  the  Philosophical  Transac- 
*lions,  Hiid  the  whole  were  subjoined,  as  an  appendix,  to 
his  Observations  on  the  Diseases  of  the  Army.  Those  ex- 
periments procurtHi  for  the  ingenious  author  the  honour 
of  Fir  Gotlliry  Copley's  gold  ine<lal ; beside*  gaining  liira 
a high  and  just  reputatiou  as  an  experimental  philosopher* 


He  gave  also  many  other  curious  papers  to  tlie  Royal  So* 
cirty:  thus,  in  1753,  be  presented,  .An  Account  of  seve- 
ral Persons  seized  with  the  Gao!  Fever  by  working  in  New- 
gate; ami  of  the  Manner  by  which  the  Infection  w'as  com- 
municated to  on«  entire  Family ; in  the  Philos.  Trans,  vol. 

48.  His  next  communication  was,  A remarkable  ca»o  of 
Fragility,  Flexibility,  and  Dissolution  of  the  Bones;  in  the 
- vol. — In  the  49th  volume,  are  account  which  he 
gav-.  of  an  hoirlhqtmke  fell  at  ifl’usscis;  ofanother  at  Glas- 
gow I id  Dunbarton ; and  of  the  .Agitation  of  the  Waters, 

Xov.  I,  1756,  in  Fcoiiand  and  at  Hamburgh. — The  50th 
volume  contains  bis  Observations  on  the  Case  of  lord  Wal- 
pole, ->f  Woollerion ; and  a Ht  lalion  of  the  V'irtiiesof  Soap, 
in  Dissolving  the  .Stone, — The  next  volume  is  enriched  with 
two  of  the  doctor's  articles,  of  considerable  length,  as  well 
as  value.  In  the  first,  h«  hath  collected,  digested,  and 
related,  the  diflrrent  accounts  that  had  been  given  of  a 
very  extiuordiiMry*  Fiery  Mairor.which  appeared  the  26th 
of  November  1758  ; and  in  the  second  he  has  made  a va- 
riety of  rensarks  upon  the  whole,  displaying  a gn^at  degree 
of  philowphical  sagacity.— Besid«-s  hi*  communications  in  * 
the  PjitlmophicaJ  Transactions,  he  gave,  in  the  5ih  volume 
of  the  Fydinburgh  Medical  Kssays,  an  account  of  the  Suc- 
cess of  the  Vitriiin  erratum  Anlimonii. 

In  1752,  Dr.  Pringle  married  Charlotte,  the  second 
daughter  of  Dr.  Oliver,  an  eminent  physician  at  Bath  : a 
connexion  which  however  did  nut  Iasi  lung,  the  lady  dy- 
ing in  the  space  of  n few  years.  And  nearly  about  Ac 
rime  of  his  marriage,  he  gave  to  the  public  the  first  edition 
of  hks  Observations  on  the  Diwases  of  the  Army ; which 
afterwards  went  through  many  editions  with  improve*- 
men!*-,  was  translated  into  the  French,  the  German,  and 
the  Italian  languages,  and  deservedly  gained  the  author 
the  highest  credit  and  encomium*.  *j'he  utility  of  this 
work  however  was  of  still  greater  iniport.*ince  than  its  re- 
putation. From  the  lime  that  the  doctor  was  npjKunted 
a physician  to  the  army,  it  »e*rms  to  have  Urn  hi»  grand 
object  to  lessen,  ns  far  as  lay  in  his  p<.Mver,  the  enlumitie* 
of  war ; nor  wn*  he  without  considerable  success  in  hi» 
noble  and  U'nevulent  design.  'I  he  benefits  which  irmy  be 
derived  from  our  author’s  great  work,  are  not  solely  con- 
fined to  gentlemen  of  the  medicah  profession.  General 
Melville,  a gentleman  who  umied  with  his  military  abili- 
ties the  -vpirii  of  philosophy,  ami  the  feelings  of  humanity, 
was  enabled,  wlirn  governor  of  the  Neutral  Island*,  to  be 
singularly  useful,  in  consequence  oT  the  instructions  iw; 
had  received  from  Dr.  Piingle’s  book,  and  from  personaV 
conversation  with  him.  By  taking  care  to  have  his  nicn 
ahvays  lodged  in  large,  optm,  and  airy  npartinent!,  and  by 
never  letting  his  forct*s  remain  long  enough  in  swampy 
places  to  be  injured  by  the  noxious  air  which  they  are 
subject  to,  the  general  was  the  happy  instrument  of  saving 
the  lives  of  700  soldiers.  .. 

Though  Dr.  Pringle  had  not  for  some  years  been  called 
abroad,  he  still  held  his  place  of  physician  to  the  army  ; 
and  in  the  war  that  began  in  1755,  heattended  the  camps 
in  England  during  three  seasons.  In  J758,  however,  he 
entirely  quilted  the  service  of  the  army;  and  being  now 
determined  to  fix  whollyin  Lcndhn,  he  was  the  same  year 
ailinitted  a liwnciatc  of  the  college  of  physiciuiu. — .After  ' 

the  accession  of  king  George  the  3d  to  (he  throne  of  Grciit 
Britain,  Dr.  Pringle  wan  appointed,  in  1761,  physiciau  to 
the  (jueen'i  housi  hold ; and  this  honour  w as  succeeded,  by 
his  being  constituted,  in  17f>3^  physician  extraordinarv  to 
the  f^uevii.  The  same  year  he  was  dioseu  a member  of 
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the  Acfldcmy  of  Sciences  at  Haarlem,  and  elected  a fellow 
^ of  tile  Royal  College  of  Physicians  in  London.— Iti  17(>4» 
on  (he  decea^  of  Dr.  Wollaston,  ho  Mas  made  physician^' 
in-ordinary*  to  thetjueen.  In  17(^  he  Mas  elected  a loreign 
member,*  in  the  physical  line,  of  the  Royal  Society  of 
Sciences  at  Gottingen,  and  the  same  year  he  was  raUi'd  to 
the  dignity  of  a baronet  of  Grent*Britain.  In  176S  he  was 
appoinitHi  physician  in  ordinary  to  the  late  princes«*dowa' 
ger  of  Wales.  * 

• After  having  had  the  honour  to  be  several  times  elected 
into  the  council  of  the  Royal  Society,  sir  John  Pringle 
was  at  length,  via,  Nov.  30,  1772,  in  consequence  of  the 
death  of  James  West,  esq.  elected  president  of  thut  learned 
Imdy.  His  election  to  this  high  station,  (hough  he  bad  So 
respectable  a character  as  the  laic  sir  James  Porter  fur  his 
op()onenl,  was  carried  by  a very  considerable  majority. 
Sir  John  Pringle’s  conduct  in  this  honourable  staiitui  fully 
justified  the  choice  the  Society  made  of  him  as  their  pre- 
sident. By*  his  equal,  impartial,  and  encouraging  beha- 
viour, he  secured  the  good  will  and  best  e.sertions  of  all 
for  the  general  benefit  of  science,  and  true  interests  of  the 
Society,  which  in  bis  time  was  raised  to  the  pinnacle  of 
honour  and  credit.  Instead  of  splitting  the  members  into 
opposite  parties,  by  cruel,  unjust,  and  tyrannical  conduct, 
a«  has  sometimes  been  the  case,  to  the  ruin  of  the  best  in- 
terests of  the  Society,  sir  John  Pringle  cherished  and  hap- 
pily* united  theendeavoiirs  of  all,  collecting  and  directing 
the  energy  of  every  on®  to  the  common  good  of  the  whole. 
He  happily  al»o  struck  out  a new  way*  to  distioctiun  and 
usefulness,  by  the  discourses  which  were  delivered  by  him, 
on  tb(t  anuual  as'^ignment  of  sir  Godfrey  Copley  s medal. 
This  gentleman  originally  bequcatheii  five  guineas, 
to  Ik?  given  at  each  anniversary  meeting  of  the  Royal  So- 
ciety, by  the  determination  of  the  president  and  council, 
to  the  person  wlio  should  be  the  author  of  the  best  paper 
of  cxperiinenlal  observations  for  the  year.  In  process  of 
time,  this  pecuniary  reward,  which  could  never  be  an  im- 
portant consideration  to  a man  of  an  enlarged  and  philoso- 
phical mind,  however  narrow  his  circumslaiices  might  be, 
was  changed  into  the  mote  liberal  form  of  a'  gold  medal ; 
in  which  form  it  is  become  a truly  bonourablc  murk  of 
distinction,  and  a just  and  laudable  object  of  ambiliuo. 
No  doubt  it  was  always  usual  fur  the  prirsident,  on  the  de- 
livery of  the  meilal,  to  pay  some  com|flireent  to  the  geo- 
tieman  on  whoni  it  was  bestowed;  hut  the  custom  .of 
making  a set  speech  on  the  occasion,  and  of  entering  into 
(be  history  of  that  part  of  philosophy  to  which  the  expe- 
riments, or  the  subject  of  the  paper  related,  was  first  in- 
troduced by  Martin  Tolkes,  esq.  The  discourses  however 
which  he  and  his  successors  delivered,  were  very  short, 
and  were  only  inserted  in  the  minote-hooks  of  the  Society. 
N,oiie  of  them  hail  ever  been  printed  before  sir  John  IVin- 
gle  wa»  raised  to  the  chair.  The  firti  speech  that  was 
^nade  by  him  being  much  more  elaborate  and  extended 
than  uikuul,  the  publication  of  it  was  desired  ; andivitli 
this  request,  it  is  said,  he  wuh  the  more  ready  to  comply, 
as  an  absurd  account  of  what  he  bad  delivered  had  up- 
[K-aied  in  a newspaper.  Sir  John  was  very  happy  in  the 
'abject  of  his  first  discourse.  The  discoveries  in  maanetism 
and  electricity  had  been  succeeded  by  the  inquiries  into 
the  various  spreh's  of  air.  In  lhi*e  inquiries.  Dr.  Priisl- 
ley,  who  had  already  greatly  distinguished  himself  by  his 
cli-ctrical  ekpeiim*  Ills,  and  hli  other  pbilosopbicnl  pur- 
suits and  labours,  took  the  principal  lead.  A paper  of  his,  * 
(milled,  Obsi'rvaiioiis  on  drfierent  Kinds  of  Air,  having 
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been  read  l>efore  the  Soclbty  in  March  1772,  was  ad- 
judged to  Ledcsrrvlng  of  the  gold  rntdol ; arid  sir  John 
Pringle  embraced  w ith  pleasure  the  occasion  ofcclcbraUng 
the  important  communications  of  his  friend,  and  of  re- 
lating « ilh  acenmey  and  fidelity  what  had  previously  been 
discovered  U|>on  the  subject. 

It  was  not  intended,  wc  believe,  when  sir  Johns  first 
spi^-ch  was  printed,  that  the  example  should  be  followed  ; 
but  tbe  second  discourse  was  so  well  received  fay  the  Sov 
ciety,  that  the  publication  of  it  was  nnanimotisly  r^*- 
quested.  Both  the  discourse  itself,  and  the  subject  on 
which  it  was  delivered,  merited  such  a distinction.  Tbc 
comjKisition  of  the  se  cond  speech  is  evidently  superior  to 
that  of  the  former  one;  sir  John  having  probobly  been 
animated  by  the  favourable  reception  of  his  fint  eflbr:. 
His  account  of  the  Torpedo,  and  of  Mr.  NValsb't  ingenious 
omi  admirable  rxperiroems  relative  lonhc  electrical  pro- 
perties of  that  extraordinary  fish,  is  singulaily  curious, 
'Hie  whole  discourse  abounds  with  ancient  and  modern 
learning,  and  exhibits  the  worthy  pn-fident's  knowledge  in 
natural  history,  as  well  as  in  medicine,  to  great  advan- 
lage. 

Th(?  third  ^ime  that  ho  was  called  upon  to  display  his 
abilities  at  the  delivery  of  tfie  annual  medal,  was  on  a very 
beautiful  and  important  occasion.  This  was  no  less  than 
Mr.  .Maskelync's  successful  attempt  Completely  tocstablish 
Newton’s  system  of  the  universe,  by  his  observations  made 
on  the  Mountain  SchihalHcn,  for  finding  its  attraction. 
Sir  John  laid  hold  of  this  opp^>rtunity  to  give  a perspicuous 
and  accurate  relation  of  tbe  several  hypothesi's  of  the  an- 
cients, with  rt*gard  to  the  revolutions  of  the  heavenly  bo- 
dies, and  of  the  noble  discoveries  with  which  Copernicus 
enriched  the  astronomical  world.  He  then  traces  (be  pro- 
gress of  the  grand  principle  of  gravitation  down  to  sir 
Isaac's  illustrious  confirmation  of  it ; to  which  he  adds  a 
concise  account  of  Messrs.  Bouguer's  and  Condaminc’s  ex- 
periment at  Chimborazo,  and  of  Mr.  Maskriync’s’at  Schi- 
ballicn.  if  any  doubts  still  remained  with  respect  In  the 
^trulh  of  the  Newtonian  system,  they  were  now  (^oinpleicly 
removed. 

Sir  John  Pringle  had  reason  to  be  peculiarly  satisfied 
with  the  subject  okhis  fourth  discourse  ; that  subject  being 
perfectly  congenial  to  his  disposition  and  studies,  llis  own 
life  had  been  much  ensployed  m pointing  nut  the  means 
which  tended  not  only  to  cure,  but  to  prevent  the  disi'ases 
of  mankind  ; und  it  is  probable,  from  his  intimate  friend- 
ship with  captain  Cook,  that  he  might  sugeest  to  that  sa- 
gacious commander  some  of  the  rules  which  ho  followed, 
in  order  to  preserve  the  health  of  ijie  crew  of  his  ship, 
during  his  voyage  round  the  world.  AVhether  this  was  the 
case,  or  whether  the  method  pursued  by  the  captain  to 
attain  so  salutary  an  end,  was  the  result  alone  of  his  own 
reflections,  the  success  of  it  was  astonishing  ; and  this  ce- 
lebrated voyager  seemed  well  entitled  to  every  honour 
w hich  could  be  be«>towid.  To  him  the  Society  ^>slgm*d 
their  gold  mrdui,  but  he  was  not  prm-ut  to  receive  the 
honour.  He  was  gone  out  upon  the  voyage,  from  which 
he  never  returned  : but  in  this  last  voyage  he  continued 
equally  successful  in  maintaining  the  health  of  his  men. 

The  learned  president,  in  his  fifth  annual  di««>'’rtarton, 
had  an  oppurliinily  of  displaying  his  knowle«ige  in  a way 
in  which  it  had  not  hitherto  apiieartKl.  I'hc  discourse 
took  its  rise  from  the  adjudication  of  the  prize  medal  to* 
Mr.  Mudge,  then  an  eminent  surgwun  at  Plymouth,  on 
account  of  his  valuable  paper,  containing  Directions  for 
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nmVing  rlie  lot  Composition  foi;thc  McUl«  of  Rrflcciino 
'l\*Jc»co|ic»,  ttith  a Description  of  the  Process  for 

Grinding,  Polivhiu/,  ami  giving  \he  Orem  b|KCuUun  the 
true  Parabolic  form.  Sir  John  has.  acenrntely  related  a 
variety  of  particulars,  concerrung  the  invention  of  reced- 
ing lolescupes,  the  subsequent  iir»pro%einem»  of  these  in- 
struments, and  the  slate  in  v<hich  Mr.  MuJge  foursd  them, 
when  he  first  set  abqut  working  tliem  to  h greuter 
fvciion,  till  he  had  truly  rcaliecd  the  e.xpeclatioh  of  New- 
ton, who,  above  an  hundred  yean>  ago,  presaged  that  the 
public  would  one  day  possess  a paratM>lic  speculum,  not 
aCcomplislied  by  niatheinalical  ruid,  but  by  luechanicul 
devices. 

Sir  John  PrtngU'S  sixth  and  last  discourse,  to  which  he 
was  led  by  tiur  assignment  of  the  gt>ld  im  du!  to  myself,  on 
acciiunt  of  my  paper  entitled.  The  Force  of  fired  Gun- 
powder, and  the  JAilial  VVlocily  of  Cannon  Ball*,  deter- 
mimd  by  Fxpertfnents,  wa»  on  the  theory  of  gunnery, 
'I’hough  sir  John  hu,d  so  lung  attended  the  army,  this  was 
probably  a sfthjcci  to  which  he  had  heretofore  paid  very 
little  attention.  We  cannot  however  help  admiring  witli 
4 what  perspicuity  and  juilgment  he  staled  the  progress  that 

wa\  iTiod«*,  from  time  l<»  time,  in  the  knowledge  of  pro- 
jectiles, ami  the  scicatific  |a-r*tction  to  which  it  has  been 
said  to  be  carried  in  my  |>aj>i'‘r.  Ai  sir  John  Pringle  was 
not  one  of  those  who  dt  lighteil  in  war,  and  in  the  shedding 
of  human  blood,  he  was  happy  in  being  able  to  show  that 
even  the  f>tudy  <if  aruliery  migiit  be  useful  to  mankind  ; 
and  therefore  this  is  u topic  which  he  has  nut  forgotten  to 
nu-niion.  Here  ended  our  author's  Uiac-mrses  on  the  de- 
livery of  sir  (rudfiey  Copley’s  medal,  and  his  pn-sidency 
over  the  Uoyal  Society  at  the  same  lime,  the  delivering 
^ that  iiiedai  into  my  hand  licing  the  last  olfiee  he  ever  per- 

formed in  that  capacity  ; a ceremony  which  was  attended 
by  a greater  number  of  the  members,  than  had  ever  met 
together  before  upon  any  other  occasion.  Had  he  been 
permitted  to  preside  longer  in  that  chair,  be  would  doiibt- 
li'ss  have  found  other  occasions  of  displaying  his  acquaint- 
ance wirbi  the  history  of  phil<m>phv.  Hut  the  opportu- 
nities which  he  had  of  signalizing  himself  in  this  rrspret 
were  important  in  tbemsidves,  happily  varied,  and  suffi- 
^ cient  to  gain  him  a solid  and  lusting  rep'ilatioti. 

Several  marks  of  literary  distinction,  as  we  have  already 
seen,  had  been  conferrerl  on  sir  Jl»hn  Pringle,  before  lie 
was  raised  to  the  pre>ident's  chair.  But  after  that  event 
they  were  bestowed  upon  Imiiin  great  abundance,  having 
btvn  elected  u membiT  of  almost  all  the  literary  societies 
and  institutions  in  Kuropv\  He  was  also,  in  1774,  ap- 
pointed ph)siciHn-extraordinary  to  the-  king. 

It  was  at  rather  a late  period  of  life  vvhen  sirjohn  Prin- 
gle was  cboseit  to  bv’pn-aident  of  the  Hoyui  Society,  being 
then  05  years  of  age.  Considering  therefore  the  great 
attention  thni  was  paid  by  him  to  the  various  and  impor- 
tant duties  of  his  ulltce,  and  the  great  pains  he  tu<»k  in  the 
preparation  of  his  discoiiru'S,  it  was  natural  to  expect  that 
the  burthen  of  his  hunouruble  station  shmdd  grow  heavy 
upon  him  m a course  of  time.  This  burthen,  though  not 
iiicrvosf'd  by  any  great  addtlion  to  his  life,  for  he  was  only 
6 yyurs  president,  was  somewhat  ou,’niented  by  the  acci- 
dent of  a fall  in  the  area  in  the  back  part  of  his  hmise, 
frtmi  which  he  received  some  hurt.  "From  these  circum- 
, stances  some  persons  have  uirecletl  to  account  for  his  re- 
signing the  chair  at  the  time  when  he  diil.  But  sir  John 
Pringle  was  iiaturaNy  of  a strong  and  robust  frame  and 
constitution,  and  had  a fair  prospect  of  being  well  able 
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to  discharge  l)ic  dulitt  of  his  situation  for  many  ji-an  to 
come,  had  his  spirits  not  Uren  broken  by  the  most  cruel  , 
harussings  and  bailings  iti  his  office.  His  resutmion  to 
quit  the  chair  onginuied  frrjm  the  disputes  introouci'd 
into  the  Society,  cuiicernmg  the  que-'tinn,  whether  pointed 
or  blunt  clrctrical  conductors  arc  the  most  efficacious  in 
preserving  hiiildings  from  ihe  pernicious  effects  of  light- 
nir^t  and  from  the  cruil  circmnsiances  attending  those 
disputes.  ‘I  hcie  drove  him  from  the  chair.  Such  of  those 
ctreumbtances  ns  were  opi-n  and  mnnifesi  to  every  one^ 
were  even  of  tbemsclvc*  perhaps  quite  sufficient  to  drive 
him  to  that  nsoluliun.  Hut  there  were  yet*  others  of  a 
more  private  nature,  whicli  r peratod  still  mere  {mwrrfully 
ami  directly  lO  produce  that  event ; which  may  probably 
hertaiter  be  laid  before  the  public. 

His  intention  of  lesigning  however,  was  disagreeable  to 
his  friends,  ami  the  most  distinguirhe^l  members  of  the 
Socu  ty,  who  were  muny  of  them  perhaps  ignorant  of  the 
true  motive  for  it.  Accordingly,  they  earm-stly  solicited 
him  to  continue  in  the  chair ; but,  his  revdution  being 
fixed,  he  resigned  it  at  the  unniversiiry  meeting  in  1778, 
imimdiolely  on  delivering  the  medal,  at  the  conclusion 
of  bis  spcvch,  ns  meniionctl  above. 

Though  sir  John  Priniile  thus  quitted  his  particular  re- 
lation to  the  Royal  Society,  and  did  not  attend  its  meet- 
ings so  Constantly  as  he  had  formerly  done,  he  still  rc- 
taiiietl  his  literary  connexions  in  general,  flit  house  cun* 
tinned  to  be  the  resort  of  iiigenions  and  philosophical 
men,  whether  of  his  own  country,  or  from  abroad  ; aud 
he  wus  frequent  in  his  visits  to  his  friends.  He  was  held 
in  particular  esteem  by  eminent  nnd  ienrned  foreigners, 
none  of  whom  came  to  England  withooi  wailing  upun 
him,  and  paying  him  the  gn*atest  respect.  He  treated 
them,  in  return,  with  distiuguishtMl  civility  and  ngard. 
When  a number  of  genih  men  met  at  his  table,  foreigiH*r« 
were  usually  a |Mrt  of  the  compuny. 

In  1780  sir  John  spent  the  summer  on  a visit  to  Edin- 
buigh  ; us  he  did  also  that  of  17SI  ; where  be  was  treated 
with  the  greatest  respect.  In  iliU  last  visit  he  presented  to 
the  Royal  College  of  Phy  ticians  in  that  city,  the  result  of 
many  years  labour,  being  ten  folio  volumrs  of  Medical 
and  Physical  Observations,  in  nianuscripl,  on  condition 
that  lluy  «-hmild  neither  l>e  published,  nor  lent  out  of  (ho 
library  of  the  college  on  any  account  whatever.  He  was 
at  the  same  lime  preparing  iwo  other  volumt's,  to  be  given 
to  the  university,  containing  the  formulas  reterred  to  in  his 
annotations,  i le  returned  again  to  London,  and  cunlmurd 
for  some  time  his  usual  course  of  life,  receiving  and  pay- 
ing visits  to  the  mo^t  eminent  iiurary  men,  but  languishing 
and  declining  in  hiv  h|;aUhainUpirits.  (ill  (he  IHth  of  Ja- 
nuary 178^,  when  he  died,  in  the  75th  year  of  his  age  ; 
the  account  ol  his  deoth  b(-ing  every  where  recrived  in  rv 
nithiier  which  showed  the  high  si-w^  that  was  entertained 
of  *his  inerit^  > • ' • 

Sir  John  Pringle’s  aminent  character  ns  a practical  phy- 
sician, us  Wf  II  4*  a medical  author,  is  so  well  known,  and 
so  univeisally  acknowledged,  that  an  enlargement  upon  it 
cannot  be  necessary.  In  the  exercise  of  bis  profession  ho 
was  not  rapacious;  being  ready,  on  various  occasions,  to 
give  hisiidvicc  without  pecuniary  views.  The  turn  of  his 
mind  led  him  chielly  to  the  love  ofsclt-nce,  which  he  built 
on  the  firm  b.isis  of  fact.  With  regard  to  pbilusoplty  iu 
general,  he  was  as  averse  to  theory,  unsupported  by  expe- 
riments, ns  he  was  with  respect  to  medicine  in  particular. 
Lord  Bacon  was  his  favourite  author;  and  to  the  method 
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of  inwsUgttion  rccommcndi-d  by  ibat  great  man,  he  stea* 
dily  adhered.  Such  being  his  intellectual  character,  it 
will  oot  be  thought  surprising  that  he  haJ  a dislike  to 
Plato ; and  that  to  metaphysical  disquisitions  he  lost  all 
regard  in  the  latter  part  of  his  lif%. 

Sir  John  bad  no  great  fondm*ss  for  poetry  : he  had  not 
even  any  diatinguisht-d  relish  for  the  immortal  Shake- 
tpear:  at  lenH  be  seemed  too  highly  sensible  of  the  dc* 
feels  of  that  illustrious  bard,  to  give  him  the  proper  degree 
of  estimation.  Sir  John  had  nut  in  his  youth  liccii  neglect- 
ful of  philological  inquiries,  nor  did  be  desert  them  in  the 
Ust  stages  of  his  life,  but  cuUivatt'd  even  to  the  last  a 
knowledge  of  the  Greek  language.  Me  paid  a great  at- 
tention to  the  French  language  ; and  it  is  said  that  tie  was 
fond  of  Voltaircs  critical  writings.  Among  all  hit  other 
pursuits,  he  never  foi^tut  the  study  of  the  English  lan- 
guage. This  he  regarded  as  a matter  of  so  much  conse- 
quence, that  be  look  uncommon  pains  with  regard  to  the 
style  of  his  compositions;  and  it  cannot  be  denied,  that 
he  excelled  in  perspicuity,  correctness,  and  propriety  of 
expression,  llis  six  di»courses  in  pJrlicuiar,  de}iven*d  at 
the  annual  meetings  of  the  Royal  Society;  on  occasion  of 
the  priae  medals,  have  U'cn  universally  admired  as  do- 
gant  Cunipositiuns,  as  well  as  critical  ami  learned  disser- 
tations. And  this  characteristic  of  them,  sei'mi*d  to  in- 
crease and  heighten,  Jrom  year  to  year:  a circumstance 
which  argues' rather  an  irnpruvemeiitof  bu  faculties,  than 
any  decline  of  them,  and  that  even  after  the  accident 
which  it  was  pretended  occasioned  his  descent  ftonv  Uie 
president’s  chair.  So  excelhmt  indeed  were  these  compo- 
sitions esteemed,  that  envy  used  to  asperse  bts  character 
tritb  the  impuiatiuji  of  borrowing  the  hand  of  another  in 
thooc  learned  discourses.  But  bow  iaifc  such  aspersion 
was,  I,andd  believe  moil  of  the  other  gentleme  n wbo  had 
the  honour  of  receiving  the  annual  medal  from  his  hands, 
can  fuHy  testify.  For  myadf  in  particular,  I enn  witness 
for  the  last,  and  perhaps  the  best,  that  on  the  theory  and 
improvements  in  gunnery,  having  been  present  or  privy  to 
his  composition  of  every  part  oi  it.— 'Thotmh  our  author 
was  not  fond  of  poetry,  he  bad  a great 'aflcciion  for  the 
sister  art  music  : of  this  he  was  not  merely  on  admirer,  but 
became  so  far  a practitioner  in  it,  as  to  be  a performer  on 
the  violoncello,  at  a weekly  concert  given  by  n society  of 
gentlemen  at  Edinburgh.  Besides  a close  application  to 
medical  and  philosophical  science,  during  the  Utter  part 
of  his  life,  be  devoted  much  time  to  the  study  of  divinity : 
this  being  with  him  a veiy*  favourite  and'intcresling  ob- 
ject. 

If,  from  the  intellectual,  we  pass  on  to  the  moral  cha- 
racter of  sir  John  Fringlo,  wc  shall  find  that  the  ruling 
feature  of  it  was  integrity:  and  by  this  principle  he  was 
uniformly  actuated  in  the  w hole  of  bis  conduct  and  U‘ba- 
viour.  He  was  equally  distinguished  for  his  sobriety,  hav- 
ing been  heard  lodtdare,  that  ha  had  never  once  in  his  life 
been  intoxicated  with  liquor.  In  his  friendships,  he  was 
ardent  and  steady.  The  intimacies  which  were  formed  by 
him,  in  the  early  part  of  his  life,  continued  unbroken  to  the 
decease  of  the  geiitleroen  with  whom  they  were  made  ; 
and  were  kept  up  by  a regular  correspondence,  and  by  all 
the  good  office  that  lay  in  his  power. 

With  regard  to  sir  John's  external  manner  of  deport- 
mentf  he  paid  a very*rcspcctl'ol  atitntion  to  those  who 
were  bonouicd  with  hislnendship  end  csic«'in,  and  to  such 
strangers  as  came  to  him  well  recommended.  Foreigners 
in  particular  bad  good  Reason  to  bo  satisfied  with  the  un- 


common pains  which  he  took  to  show  them  every  mark  of 
civility  and  regard.  He  had  however  at  times  somiwhai 
of  a dryness  and  resiTvc  in  his  behaviour,  which  liad  the 
appearance  of  coldm-ss;  and  this  was  the  ca*c  when  he 
was  not  perfectly  pleased  with  the  persons  who  were  intro- 
duced to  him,  or  who  Imppcm  d to  be  in  his  companv. 
His  sense  of  integrity  and  dignity  would  not  permit  him 
to  adopt  that  false  ami  superficial  jMdiieness,  which  treali 
ail  men  alike,  though  ever  so  difiVient  in  po;ot  of  real 
estimation  and  merit,  u ith  the  same  show  of  cordiality  and 
kindness.  Ho  was  above  assuming  the  proi'cssion,  without 
the  reality  of  rcspixt. 

FUlS.Sf,  in  Gi'oim  try,  is  a body,  or  solid,  whose  two  > 
ends  are  any  plane  figures  which  ait>  parallel,  equal,  and 
similar;  and  its  sides,  coimcciing  Uiose  ends,  arc  pural- 
leh^rams.— Hence,  every  section  parattrl  to  the  ends,  it 
the  same  kind  ofequdl  and  similar  figure  ak  the  ends  ihem- 
selvtw  are ; and  the  prism  may  be  considered  as  generated 
by  the  parallel  motion  of  tbit  plane  figure. 

Prisms  lake  ihcir  several  particular  name's  from  the 
figure  of  their  ends.  Thus,  w hen  the  end  is  a triangle,  it 
is  a triangular  prism  ; wdicn  a square,  a square  prism  ; , 
when  a pentagon,  n pentagonal  prism  f when  a hexagon,  a 
hexagonal  prism;  and  so  on.  And  hence  the  denomina- 
tion prism  comprises  also  the  cube  and  para]lelopi|H  don, 
the  former  being  a square  prism,  ami  the  Utter  a n'Clnn*  * 
gular  one.  And  even  a cylinder  may  be  cortsideivd  as  a 
round  prism,  or  one  that  has  an  infinite  number  of  sides. 
Also  a prism  is  said  to  be  regular  or  irregular,  according 
as  the  figure  of  its  end  is  a regular  or  an  irregular  poly- 
gon. 

The  axis  of  a prism,  is  the  line  conceited  to  bo  drawn 
lengthways  through  the  middle  of  it,  connecting  the  centre 
of  one  cod  with  that- of  the  other  end. 

Prisma,  again,  arc  cititer  right  or  oblique* 

A Prism  is  that  whose  sides,  ami  its  axis,  are  per- 
pendicular to  its  cuds;  like  an  upright  tower. 

An  Prism,  is  when  the  axis  and  sides  are  oblique 

to  the  ends  ; so  ibut,  w hen  set  upon  one  end,  it  inclines  on 
one  side,  like  an  inclined  lower, 

*rhc  princi|ml  properties  nf  prisms,  aFe, 

1.  That  ail  prisms  arc  to  one  another  irf  the  ratio  com- 
pounded of  their  buses  and  heights. 

2.  Similar  prisms  are  to  one  another  in  the  triplicate 
ratio  of  their  like  sides. 

3.  A prism  is  triple  of  a pyramid  of  equal  base  and 
height ; and  the  M>)id  content  lA a prism  is  found  by  mul- 
tiplying the  base  by  the  perpendicular  height. 

4.  The  upright  surface  of  a right  prism,  is  equal  to  a 
rectangle  of  the  same  height,  ami  its  breadth  equal  to  the 
perimeter  of  the  base  or  end.  And  therefore  such  uprigliC 
surUcc of  aright  prism,  is  found  by  multiplying  the  peri- 
meter of  the  Im^e  by  the  perpendicular  bcigor.  Al'ui  the 
upright  surface  of  an  oblique  prism  is  found  by  multiply- 
ing the  perimeter  of  the  base  by  the  slant  height.  And  if 
to  the  upright  surface  lx-  added  the  areas  of  llie  two  ends, 
the  sum  will  be  the  whole  surface  of  the  prism. 

Prism,  in  Dioptrics,  is  a ph'ce  of  glass  in  form  ofa  tri- 
angular prism  : which  is  much  used  in  experiments  con- 
cerning the  nature  of  light  and  colours. >—1110  use  and 
phenomena  of  the  prism  arise  from  its  sides  not  being  pa- 
rallel to  each  other;  whence  it  KcparalCs  the  rays  ot  light 
in  their  passage  through  it,  by  coming  tiimugb  two  sides 
of  one  and  the  same  angle. 

The  more  general  of  these  phenomena  arc  emiinrratcd 
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and  illustratetl  under  (be article  Colour;  vrhich  are  %ufR* 
.cicnt  to  prove,  that  cotoun  do  not  either  consist  in  the 
contorsion  of  the  globulea  of  light,  a$  Descartes  ima* 
gined  ; nor  in  the  obliquity  of  (be  pulses  of  the  cthea'al 
natter,  as  I fottke  fancied  ; nor  in  the  consiipation  oMight, 
and  its  greater  or  Im  coiicilation,  as  Dr.  Ujirrow  con- 
jectured; but  that  they  are  original  and  unchangeable 
proprrlirs  of  light  itself* 

l*RISMOID,is  u solid,  or  body,  sorpewbat  resembling 
a prism,  but  that  its  ends  arc  any  dissimiUr  parallel  plane 
figures  of  the  same  number  of  sides;  the  upright  sides 
being  trapezoids.— If  the  ends  of  the  prisrooid  be  l)oundcd 
, by  dissimilar  curves.  It  is  somctiines  called  a cylindroid. 

"*  PROBABILITY  an  in  the  Doctrine  of 

Chances  U the  ratio  of  the  number  of  cbanccs  by  which 
the  event  may  happen,  to  the  number  by  which  it  may  both 
happen  and  fail.  So  that,  if  there  be  constituted  a frac- 
tion, of  which  the  numerator  is  the  number  of  chances 
for  the  event's  happening,  and  the  denominator  the  number 
for  both  happening  and  failing,  tliat  fraction  will  properly 
express  the  value  of  the  probability  of  the  event's  happen- 
ing. 'I'hus,  ifan  event  have  3 chances  for  happenins,  and 
2 for  failing,  the  sum  of  which  being  5,  the  fraction  ^ will 
properly  represent  the  probability  of  its  happening,  and 
may  be  taken  to  be  the  measure  of  it.  Tbo  same  thing 
may  be  said  of  the  probability  of  failing,  which  will  like- 
wise be  measured  by  a fraction,  whose  numerator  is  tlic 
number  of  chances  by  winch  it  may  fail,  and  its  denomi- 
nator the  whole  number  of  chances  both  foe  its  happening 
and  failing  1 so  the  probability  of  the  failing  of  the  above 
event,  which  has  2 chances  to  fai!,aDd  3 to  happen,  will  be 
c.xpressrd  or  measured  by  the  fraction  f. 

Hence,  if  there  be  adiied  together  the  fractions  which 
express  the  probability  for  both  happening  and  failing, 
their  sum  will  hlways  be  equal  to  unity  or  ) ; since  the 
«um  of  their  mimeralon  will  be  equal  to  their  common 
denominator.  And  since  it  is  a certainty  that  an  event 
will  either  happen  or  fail,  it  follows  that  a certainty,  which 
may  be  considered  as  an  infinitely  great  degree  of  proba- 
bility, is  fnly  represented  by  unity.  If  it  be  required,  what 
the  probability  iifof  an  event  happening  in  (wo  trials,  then 
wc  must  estimate  the  probability  of  its  failing  twice,  winch 
taken  from  unity  will  be  the  probability  of  its  happening. 
Thus  if  it  was  asked  what  is  the  probability  of  a person's 
casting  an  ace  in  two  throws  with  a die  of  0 fuces.  Here 
the  probability  of  its  failing  the  first  time  is  ^ there  being 
5 sides  that  may  Come  up  without  the  ace  ; also  the  pro- 
bability of  its  failing  the  second  throw  is  the  same,  there- 
fore I « i = !i  the  probability  of  iU  failing  both  times, 
and  conss-quenti^  probability  of  its 

coming  up  one  time  at  least  in  two  tlirows.  This  circum- 
stance is  not  readily  comprehended  by  pi'rsons  unskilled  in 
ihedocirinc  of  chances;  for,  say  they,  thc  probability  of 
its  coming  up  the  first  time  being  and  the  probability  of 
its  coming  up  the  second  time  being  aKo^^,  therefore  the 
two  chances  together  must  be  ^ ^ But  in  ibis 

they  deceive  themselves,  since  it  is  not  certain  that  they 
will  have  to  ilmiw  a second  lime.  See  Simpson’s  or  Dc- 
moivre’s  Doctrine  of  Chances;  also  Ihmou Hi's  .^rs  Cotv- 
.lectnndi;  Monmort’s  Analyse  des  Jeux  dc  Hasard;  or 
•M.  Do  Pnrcicu's  Lssais  snr  Ics  Probabilites  de  la  Vie  hu- 
maine.  See  also  Cii.vNcts,  Lxpkctxtios,  and  Ga- 

MIXG. 

. rRORABiLiTvq)f  Z^r.  See Exp£CT.\TiuN  o/ Lf/V, and 


PROBLEM,  in  Geometry*,  is  a proposition  in  which 
some  operation  or  construction  is  requireil.  Aif  to  binxl 
a line,  to  make  a triangle,  to  raise  a perpendicular,  to  draw 
a circle  through  three  points,  ^c.  A problem,  accorditig 
Id  ^Volfius,  consists  of  tlircc parts:  1 he  proposition,  wiiicli 
expresses  what  is  to  bo  done  ; the  resi/lution  or  solution, 
in  which  are  orderly  rehearsed  4he  sr^verul  steps  of  the  pro- 
cess »or  operation  ; and  the  dcmonstralion,  in  which  it4s 
shown,  that  by  doing  the  several  things  prcKiibed  in  the 
resolution,  the  thing  iXH{uired  is  obtarned. 

PaoELEM,  in  Algebra,  is  a proposition  which  require! 
some  unknown  iiuih  to  be  investigated  or  discovered  ; atui 
the  truth  of  the  discovery  demonstrated. 

Pkoiilem,  Kcpkr*t.  See  Keplek’s  ProltUm. 

Pii(>ni.EM,  Dr/mwMate,  Dtophnnimti  hdetcrmmattf  Li- 
mited, Linear^  Plane,  SoUd,  Surtoiid,  unci  Cnltmifed. 

Sec  the  adjectives. 

Deiiiical  Phoblem,  in  Geometry,  is  (he  doubling  of  a 
Cube.  This  amounts  to  the  same  thing  as  the  finding  of 
two  mean  proportionals  brtwe'cn  two  given  lines  : whence 
this  also  it  called  the  Dcliacal  Problem.  See  Duplica- 
TIOM. 

PHOCLUS,  an  eminent  philosopher  and  mathematician 
among  the  later  Platoni&ts,  was  born  at  Constantinople  jn 
(he  year  410,  of  parents  who  were  both  able  and  willing 
to  provide  for  his  instruction  in  all  the  various  branches 
of  learning  and  knowledge.  He  was  first  sertt  to  Xanthus, 
a city  of  Lycia,  to  learn  grammar:  from  thence  to  Alex- 
andria, where  he  was  under  the  liest  masters  In  rhetoric, 
philosophy,  and  mathematics:  and  from  Alexandria  he 
removed  to  Athens,  where  he  iitteruled  the  younger  Plu- 
tarch, und  Syrian,  both  of  (hem  cek-braled  phtlosophera. 
He  succeeded  the  latter  in  (he  goveminrnt  of  the  Platonic 
school  at  Athens;  where  he  died  in  443,  at  73  years  of  age. 

Marimis  of  Naples,  who  was  his  successor  in  the  school, 
wrote  his  life;  the  first  perfect  copy  of  which  wall  pub- 
lisliixi,  with  ii  Latin  version  and  notes,  by  Eubricius  at 
llainburgli,  1/00,  in  4to;  anil  afterwards  subjoined  to  his 
Bibliotheca  Ijitina,  1/03,  in  8vo.  Magnus  was  also  au- 
thor of  a learned  commentary  on  Euclid’s  Data. 

Proclus  w rote  a gieat  numbt  r of  pieces,  and  on  many 
difierent  subjects  ; as,  cummcniaries  on  philosopiiy,  mathe- 
matics,'and  graninmr;  on  the  whole  works  of  liomcr,  He- 
siod, and  Plato's  books  of  the  r<  public:  he  wrote  also  on 
the  construction  of  the  Astrolabe : but  msmy  of  his  pieces 
are  lost;  some  have  been  published;  and  h few  remain 
still  in  manuscript  only.  Of  the  published,  (hero  are  four 
very  elegant  hymns;  one  to  the  Sun,  two  to  Vi-nus,  and 
one  to  the  Musi‘%.  There  arc  commentaries  on  several 
icccs  of  Plato;  on  the  four  bocks  of  Ptolemy’s  work  Do 
udiciis  .Astroruin  ; nn  the  first  book  of  Euclid's  Klemenis  ; 
and  on  Heviod’s  Opera  et  Dies.  There  arc  also  works  of 
Proclus  on  philosophical  and  asImnoRiicat  subjects ; par- 
ticularly the  piece  De  Spltcra,  which  was  published,  l(i‘40, 
in  4to.  by  Bainbridge,  tiie  Sav'ilian  professor  of  astronomy 
at  Oxford.  He  wrote  also  lb  arguments  against  the 
Christians,  which  arc  still  extant,  and  in  which  he  attacks 
them  on  the  question,  whether  the  world  be  eternal  ? th« 
affirmative  of  wKidi  be  maintains. 

The  character  of  Proclus  is  the  same  ns  (hat  of  all  the 
later  Platonists,  who  it  seems  were  not  kss  enthusiasts  nn/t 
madmen,  than  the  Christians  tlieir  contemporaries,  whom 
they  resembled  in  this  lespect.  Proclus  was  not  reckon- 
ed quire  orthodox  by  his  own  order:  he  did  not  adhere  so 
rigorously,  as  Julian  and  Porphyry,  to  the  doctrines  and 
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prinripln 'of  ht$  master;  “He  ha«V'  iiyi  CndworlK, 
**  some  peculiar  fancies  and  whimsies  of  hil  own,  and  was 
indeed  a confounderof  the  Flatnuic  tbeologyf  and  n niio- 
gllr  of  much  unintelligible  stuff  with  iu*' 

PROeVON,  in  Astronomy,  a lixed  star,  of  the  sccoml 
magnitude,  in  Canit  Minor,  or  the  Little  Dog. 

PRODUCING,  in  Georootry,  denotes  the  continuing  a 
line,  or  drawing  it  farther  out,  till  it  have  an  assigned 
Tengtb. 

PRODUCT,  in  Arithmetic,  or  Algebra,  is  the  quantity 
arising  from,  or  produced  by,  the  miiUipiiCation  of,  two 
or  more  numbers  tVe  togetjier.  Thus,  48  is  the  product 
of  6 multiplied  by  8.— In  multiplication,  unity  is  in  pro^ 
portion  to  one  factor,  as  the  other  Tictor  is  to  the  product. 
So  I : 6 ; ; S : 48. 

9i)  algebra,  the  priKlucL  of  simple  <iu.inCitics*is  express* 
f (1  by  joining  the  (etter^tog^tber  like  a word,  and  prefix* 
ing  the  product  of  the  nuniorul  coefficients  :*So  the  pro* 
duct  of  a and  6 ts  ah,  of  3a  and  4hc  is  \^ahc.  But  the 
product  of  compound  factob  or  quantities  is  expressed  by 
setting  the  sign  of  multiplication  between  them,  and  bind- 
ing each  conqtound  factor  in  a vinculum:  so tbe product 
of  2tf  36  and  a — 4c  is  (2a  -»•  36)  » (o  — Ic). 

In  geometry,  a rectangle  answers  to  a product,  its  length 
and  breadth  being  (he  two  factors;  because  the  numbers 
expressing  the  length.and  breadth  being  multiplied  togc* 
ther,’ produce  the  content  or  area  of  (be  rectangle. 

The  tcTm  product,  or  continual  product,  is  also  some- 


times used  when  the  laciors  are  more*llian  two. 

In  algebra  there  arc  several  curious  properties  relating 
to  the  particular  forms  of  the  product  of  certain  formulae, 
which  are  of  great  importance  tti  the  theory  of  numbers, 
and  the  indeterroinato  analysts;  the  roost  remarkablrfof 
which  are  as  follows: 

1.  The  product  of  a sum  of  two  squares  by  double  a 
square,  is  also  the  sum  of  two  squares. 

For  (»•  -e  y*)  . 2:*’  = (x  y)* . z*  (x  — y)* . z*. 

2.  The  prtHiuct  of  the  sum  of  two  squares,  by  the  sum 
of  two  squares,  is  itself  the  sum  of  two  squares. 

I J' J • V y)  ior(xx^  — ly  )• 

The  product  may  therefore  be  divided  into  two  squares 
two  oiffereiu  ways.  And  if  this  product  be  again  multi- 
plied by  the  sum  of  two  squares,  the  product  may  be  di- 
vided into  two  squares  four  different  ways;  and  so  on. 

3.  'I‘hc  product  of  the  sum  of  three  squares  by  tbe  sum 
of  two  S4]iian's,  is  the  sum  of  four  squares. 

For  (x'  + y'  i')  * -*•  /*)  = 

(xi'  yy')^  {ly  — I'y)*  s x'*  -f  zy\ 

4.  The  product  of  the  sum  of  four  squares  by  double  a 
square,  is  also  the  sum  of  foursquares. 

For  (x*  y*  s’  u»’)  . 2»^  = 
z*((x  y>*  -t*  (x  — y)*  -♦-(*-►  w)*  (z  — te)’  ) ss 

z*(x  y)S  ^ (x  — y)*  -t-  **  (z  «:)•  z*  (z  — U))*. 

5.  The  product  of  the  sum  of  four  squares,  by  the  sum 
of  four  M{uares,  is  itself  tbe  sum  of  four  squares. 

For  (w*  ^ X*  -►  y*  w- 1*)  . (w'*  -i-  x'^  -i-  y * s'*) 

= (aw'  xi^  yy  tz')*  •+•  (wx’  — xw  yz'  — ty)* 

{^y  — xz'  — yui  zj')*  -+•  (wj'  xy'“ yx'  — zw')*. 

(i.  The  two  formula?  x*  -►•y*  i*  and  x'*  y‘*  2s'* 

are  sa  ndated  to  each  other,  that  double  the  one  produces 
the  other. 


For  2 . (x*  y*  -I-  z*)  s 2x*  2y*  -t-  2**  » 

(x  y)«  .+.  (r  — y)*  2x* ; and  2 (x'*  y^-*-  2z*)  = 

2x*  f 2y’*  -e  4i'»  = (i'  y>*  ^ (x  - y')«  + 4z*. 


The  truth  of  the  above  theorems  will  be  teen  immedi- 
ately by  the  dewlopement  of  each  respective  formula. 

PROFILE,  io  Architecture,  the  figure  or  draught  of  a 
building,  fortification.  o,r  the  like;  in  which  are  expressed 
the  several  heights,  widths,  and  thicknessef,  such  as  they 
would  appear,  were  the  building  cut  down  perpendicularly 
fi^m  tho  rbof  ui  the  foundation.  Whence  the  profile  is 
also  called  the  section,  and  sometimes  the  orthographical 
section;  and  by  Vitruvius  the  sciography.  In  this  sense, 
profile  amounts  to  liio  same  thing  with  elevation;  and  so 
stands  opposed  too  plan  or  icbnograpliy. 

PnortLE  IS  abo  used  for  the  contour,  or  outline  of  a 
figure,  building,  member  of  architecture,  or  the  like;  ni 
a base,  a cornice,  &c. 

PROGRESSION,  an  orderly  advancing  or  proceeding 
in  the  same  manner,  course,  tenor,  pro|K»rlion,  &c. 

Piti^ressiou  is  either  ahthnctical,  geometrical,  or  har^ 
monical. 

Arithinctical  Paoc  RxssioN,  is  a series  of  quantities  pro- 
ceeding by  Continued  equal  differences,  cither  Increasing 
or  decreasing.  Thus, 

inciwtting  1,  3,  5,  7,  9,  fire,  or 
decreasing  21,  IR,  13,  12,  9.  &c; 
where  the  former  progression  increases  continually  by  tho 
common  ditference  2,  and  (be  latter  decreases  continually 
by  the  common  diflenmee  3. 

1.  And  hence,  to  construct  an  arithmetical  progression, 
from  nny  given  first  term,  with  a given  common  difference; 
add  the  common  difference  to  the  first  term,  to  give  the 
2d  ; to  the  2d,  to  giro  the  3d ; to  iho  3d,  to  give  the  4th ; 
and  so  on  ; when  tbe  scries  is  ascending  or  increasing:  but 
subtract  thr  common  difference  cuiilinually,  when  the  s^ 
lies  is  a drzcendtng  one. 

2.  TItc  chief  property  of  an  arithmetical  progression, 
and  which  arises  immediately  from  the  nature  of  its  con- 
struction, u ihb;  that  the  suip  of  its  extremes,  or  first 
and  last  terms,  is  equal  to  the  sum  of  every  pair  of  intrr- 
Inediatr  terms  that  are  e<}uidis!ant  from  the  extremes,  nr 
to  the  (fouble  of  the  middle  term  when  there  is  an  uneven 
number  of  the  terms. 

Thus,  1,  3,  3,  7»  9.  Il»  13, 

13,  1 i,  ,9.  7>  3,  3,  1. 

Sums  14  14  1*4  14  14  14  14, 

where  the  sum  of  every  pair  of  terms  is  14. 

Alsu,  a,  a (if  a -t-  ^d,  a •+-  3zf,  a -t*  44/, 

a ’+■  4<f,  a -f-  3<f,  a t2df  a -t-  d,  a 

Sums  2a  2a  4d,  'in  -*■  4d,  2o  4<f,  2a  1-  4d, 

3.  And  lienee  it  followt,  that  double  the  sum  of  all  (he 

terms  in  the  series,  is  equal  to  tbe  sum  of  the  two  extremes 
multiplied  by  the  number  of  the  terms ; and  consequently, 
that  the  single  sum  of  all  the  terms  of  tbe  scries,  is  equal 
to  half  the  said  product.  So  the  sum  of  the  7 terms  I, 
3,  3,  7,  9,  n,  13*  b (I  13)  X i = V X 7 = 4y. 

And  the  sum  of  the  five  terms 

a,  a -t-  d^  a 2d,  a 3d,  a -+•  4d,  b (2a  Ad)  x 4. 

4.  Hence  also,  if  the  first  term  of  the  progrcaion  be  0, 
the  sum  of  the  scries  will  be  equal  to  half  the  product  of 
(he  last  term  iltultiplied  by  tbe  number  of  terms : i.  c.  the 
sum  of 

0-l-d•^2d•^3d•«-4d  - -——(a  — l)d  =s  . (a  — l)rf, 
where  n is  the  number  of  terms,  supposing  u to  one  of 
them.  That  is,  in  other  words,  the  sum  of  an  arithmeti- 
cal progression,  whether  finite  or  infinite,  whose  first  term 
b 0,  is  to  tbe  sum  of  as  many  times  the  greauat  term,  in 
the  ratio  of  1 to  2. 
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5.  In  like  raenncr,  the  »utn  of  the  tquare*  of  the  terms 
of  such  a series,  bcgliming  at  0,  is  to  the  sum  of  as  many 
terms  each  equal  to  ihcgreatest«in  the  ratio  of  1 to  3.  And 
* 6.  The  sum  of  the  cubt’S  of  the  terms  of  such  a series, 
is  to  the  sum  of  as  many  limeti  ite  greatest  term,  in  tho 
ratio  of  1 to  4. 

7.  And  imiversally,  if  every  term  of  such  a progression 
be  raised  to  the  m power,  then  the  sum  of  all  those  powere 
wit)  be  to  the  sum  of  as  many  terras  equal  to  the  greatest, 
in  the  ratio  qf  1 to  at  1.  That  is, 
the  sura  0 2d  ^ 

i«  to  ^ ^ ^ ^ /•, 

in  the  ratio  of  1 to  w ■+■  1. 

a sc  c - (n  - 1)  d a=  - — t s - 
» e = a*^(n  — 


8.  A synopsis  of  alt  the  theorems,  or  relations,  in  an 
arithmetical  progression,  between  the  extremes  or  hrst  and 
last  term,  the  sum  of  the  series,  the  number  of  terms,  and 
the  common  difference,  is  as  foUuws: 
via,  if  a denote  the  least  term, 
a the  greatest  term, 

4 the  common  diflercncc, 
n the  number  of  terms, 
j the  sum  of  the  series } 

then  will  ca^h  of  these  Are  quantities  be  expressed  in  terms 
of  the  otheni,  as  below: 


■ = ^/aid  + i)'  - 2d.)  + 


-d  = y((|d  — a)’  2d$)  — ^d. 


d = 


t — a 
n — I ' 
, t — fl 

■ “7~  " 

a 4*  « 


« — R« 

’ a — I 


PI  — I 

« — I 


. St  - a — si*  4-  *ifi)  _ id  * 


> 4*  I 
fl4-l,t  — « + d 


Sit  + fa  — I'd 


Si  — fit  — iV 


And  most  of  these  expressions  will  become  much  simpler  to  the  first  term  multiplied,  or  divided,  by  the  ratio  raised 


if  the  fir>it  term  be  0 inst«*ad  of  a. 

Ceomeincul  P^oo  region,  b a series  of  quantities  pro- 
ceeding in  the  same  continual  ratio  or  proportion,  either 
inert  dsing  or  decreasing ; or  it  is  a series  of  quanuties  that 
are  continually  proportional;  or  which  increase,  by  one 
common  multiplier,  or  derrease  by  one  common  divisor; 
which  common  raulliplier  or  divisor  is  called  the  cuminon 
ratio.  As, 

increfi<>ing.  1,  S,  4»  ®»  I®» 

decreasing,  81,  27,  9*  3,  I,  &c; 

where  the  former  progression  increases  conlinunlly  by  the 
common  multipljcr  2,  and  Ihc  latter  decreases  by  tho  com- 
mon divisor  3. 

Or  ascending,  a,  ro,  Ha,  r^a,  &c,  • 

or  descending,  «,  -p  -p»  &c; 

where  the  first  term  is  a,  and  common  ratio  r, 

I,  Hence,  the  same  pnncipal  projuTtic*  obtain  in  a geo- 
metTical  progri  ssion,  os  have  been  remarked  of  the  arith- 
metical one,  UMOg  only  iqultiplication  in  the  geomelricaU, 
for  addition  in  the  arilhineticals,  und  division  in  the  for- 


to  the  power  whose  exponent  is  less  b\  1 than  the  number  « 
of  terms  in  the  st-rics;  so  z s;  ar*~*  When  the  senes  » an 
ascending  one,  or  a = when  it  ia  a descending  pro- 
gression. 

4.  As  the  sum  of  all  tlie  antecedents,  or  all  the  terms 
except  the  least,  is  to  the  sum  of  all  the  consi^qiients,  or 
all  the  terms  except  the  greatest,  so  is  J to  r the  ratio. ' For, 
if  a 4-  r«  Ha  4.  r*«  be  all  except  the  last, 
then  ro  4*  r«a  4*  H«  4-  Ha  are  all  except  the  first ; 
where  it  is  evident  that  the  turmrr  is  to  the  latter  as  l to 
f,  or  the  former  multiplied  by  r gives  the  latter.  So  that, 
ft  denoting  the  last  term,  o the  first  term,  and  r the  ratio, 
also  i the  sum  of  mII  the  terms;  then  z — 
r, orz  — o s=  («  — z)r.  And  Irom  this  equation  all  the 
relations  among  the  four  quunmits  a,  r,  r,  s,  are  easily  de- 
rived; such  as  s -2;  viz,  multiply  the  greatest  term 

by  the  ratio,  subtract  the  least  term  from  the  product, 
then  the  remainder  divided  by  1 less  than  the  ratio,  will 
give  the  sum  of  the  serieft.  And  if  the  least  term  a he  O, 


mer  for  subtr-iclion  in  itie  latter.  So  that,  to  construct  »kich  happens  when  the  descending  progression  is  mfiniic- 
a geometrical  progression,  fr«»m  any  given  first  term,  with  |y  continued,  then  the  sum  is  barely  As  m the  in- 

a given  commun  ratio ; multiply  the  1st  term  continually  • , i i i , 

by  tbc  cuoHi)..u  ratio,  lur  the  i«t  of  the  u-rm.  wheu  the  P™gr«*>on  1 + j + J + * &c,  where  t=  1,  ted 


by . 

aeries  u an  ascending  one;  or  divide  continually  by  the 
comimm  r-tio,  when  it  is  a descending  progression. 

2.  Ill  evL’iy  geometrical  progression,  the  product  of  the 
extreme  terms,  u equal  to  the  product  of  every  pair  of 
the  interinidiate  tenos  that  are  equidistant  from  the  ex- 
tremis and  also  tqual  to  ibc  square  of  the  roiddle  term, 
when  there  is  a middle  one,  or  an  uneven  number  of  tbc 
terras. 

Thu.,  1,  2.  4,  8,  I«,  * 

Ifi  S _1 

pr.«i,  lb  Hi  Iti  Hi  Hi 

Alio  a,  ra,  r^a,  r’a,  r<a. 

Ho  r*a  H.i  ra  a 

prod  r‘o*  iv”  r*a*  r*a*  Ho' 

3.  The  last  term  of  a geometrical  progression,  is  equal 


r = 2,  it  is  « or  — = ——  = - = 2. 

J r — 1 a -I  1 

5.  The  first  or  least  term  of  a geometrical  progression, 
is  to  the  sum  of  all  the  terms,  m tbc  ratio  minu»  1,  to 
the  n power  of  the  ratio  minus  1 ; that  is  a : z : : r—  i : 
f*  - I. 

Other  relations  among  the  five  quantities  a,  s,  r,  n,  z, 
where 

a denote*  the  least  terra, 
ft  the  greatest  term, 
r the  common  ratio,- 

n the  numbt'f  of  terms,  * 

z the  sum  of  (he  progression, 
are  as  below  ; viz. 


= — = tr  - (r  - 1).  = 


r — 1 

f*  - 
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; = oi""  = 


a ft  - I'l 


j — I ^ a 

, ri  , a + fr  — ll«  , rx  i — a * 

'"«•  T '"?• : . '“8  — • ; 


lop.r 


k-g.r 


Hsr 


— " ~ * __  r*—  1 ^ '*_zl  * — — y-i* 

““r  — I “"r—  I r — 1*  f*“'  "-^s  — •-y« 

Ami  the  other  values  of  o,  ond  r arc  to  be  tuund 
fironv  these  cQuations,  vis, 

(»  - ?)“■  t = (»  - «)’“a, 


a « 


ITarmanical  PKOCaesaroN,  is  a continued  series  of 
terms  in  harnionical  proportion.  The  reciprocals  of  an 
arithmetical  progression  f^orm  an  harnuMUcal  progression. 
Thus,  ibenciprocaU  of  iht*  arithmetical  senes  1,  3,4, 

5,  6,  &c  give  -Jr,  ^ \\  6<c,  fo  ran  hannunical  scries. 

For  other  Jtinds  of  Progression,  sie  Puopurtiok,  and 
Sembs. 

PHOJKCTILF^  in  Mechanics,  is  any  body  uhich,  being 
put  into  a siolent  motion  by  an  exUrnal  force  impresse^d 
upon  it,  is  dismiss  d frum  the  agent,  and  left  to  pursue  its 
course  buih  ns  a >iorke  thnmn  out  of  the  band  or  a 
sling,  an  urrojiv  from  a Itow,  a hall  frum  a gun,  <Scc. 

PUOJLC'l’lLi'.S, 'the  science  of  the  motion,  velocity, 
flight,  range,  &c,  <d  a prt>j>clile  put  into  violent  motion  by 
some  external  cause,  us  the  force  of  gunpowdi-r,  &c.  This 
is  the  fouiidaliim  of  gunnery,  under  which  article  may  be 
found  all  that  relaUs  peculiarly  to  that  branch. 

Aif  bodies,  being  mdiflerent  as  to  motion  or  res*,  will 
necessarily  continue  in  the  state  the>  arc  put  into,  except 
So  far  as  they  are  n-tanletl,  and  forced  to  change  it  by  some 
new  cause.  Hence,  a projectile,  put  in  motion,  must  con- 
tinue eternally  to  move  on  in  the  same  right  line,  and  with 
the  same  uuiform  or  constant  velocity,  were  it  to  meet 
with  no  resistance  from  the  medium,  nor  had  any  force  of 
gravity  to  encounter. 

In  the  first  case,  the  theory  of  projectiles  would  be  very 
simple  indeed  ; for  there  would  be  nothing  more  to  do, 
than  to  compute  the  space  passed  over  in  a given  time  by 
a given  constant  velocity;  or  either  of  these,  from  the 
other  two  being  given. 

Rut  by  the  constant  action  of  gravity,  the  projectile  is 
continually  drfiectod  more  and  more  from  its  right-iineil 
course,  and  that  with  an  accelerated  • velocity ; which, 
being  combined  with  its  projectile  impulse,  caUH*s  the 
hoily  to  move  in  a curvilincal  path,  with  a variable  motion, 
which  path  is  the  curvi‘  of  a parabola,  ns  will  bo  proved 
below;  and  the  determination  of  the  range,  time  of  flight, 
angle  of  projection,  and  variable  velocity,  constitutes  wlial 
is  usually  meant  by  (he  doctrine  of  projectiles,  in  the  com- 
mon acceptation  of  the  term. 

What  is  said  above  however,  is  to  be  understood  of  pro- 
jectiles moving  in  a non-resisting  medium  ; for  when  the 
resistance  of  the  air  is  also  considcit'd,  which  is  enor- 
mously great,  and  which  very  much  impedes  the  first  pro- 
jectile velocity,  the  path  deviates  greatly  from  the  parabo- 
la, and  the  determination  of  the  circumstances  of  its  mo- 
tion becomes  one  of  the  most  cooplox  and  diflTtcult  pro- 
blems in  nature. 


In  the  first  place  iherrhiro  it  will  bo  proper  to  consider 
the  common  diK'trine  of  projectiles,  u^.it'on  the  para- 
bolic theory,  or  as  dcpemiingotily  on  llwEntureof  gravity 
and  the  projectile  motion,  as  abslracUHi  from  the  resist- 
ance of  the  medium. 

About  300  years  ago,  philosophers  took  the  line  de- 
scribed by  a body  projected  horirontnlly,  such  as  a bullet 
out  of  a cannon,  while  the  force  of  the  powder  greatly 
exceeded  the  weight  <»f  the  bullet,  to  bo  a right  line,  after 
which  they  allowerl  it  became  acurve.  Nicholas  Turtoglta 
was  the  first  who  perceitt'd  the  mistake,  mHintaining  that 
the  path  of  the  bullet  was  a ct|rvnl  line  through  the  udiole 
ol  its  extent.  But  ii  was  Oalileo  who  first  determined 
what  particular  curve  it  is  th-t  a pr«»jectile  describe*; 
showing  that  the  path  of  a bullet  projected  horizontally 
from  an  rminrnce,  was  a parabola ; iheVertex  of  which  is 
the  point  where  the  bullet  quits  ibi*  cannon.  .And  the 
same  is  proved  generally,  in  the  2d  section  following,  when 
the  projection  is  motlc  in  any  direction  w hatever,  viz,  that 
the  curve  is  alwu>*s  a parabola,  supposing  the  laidy  moves 
In  a rton- resisting  medium,  and  that  gravity  acts  upon  it  in 
lines  piimllei  to  each  other.  — It  is  true,  that  thi^is  not  ac- 
curately the  case,  U-cause  this  force  alwa)|  tendi  to  the 
centre  ol  gravity  of  the  rwrlh^  but  the  inclination  of  these 
lines  it  too  trifling  to  nfiect  the  parabolic  theory  of  pro- 
jectiles. • 

The  Lqvi  the  Motion  q/*  PkojeCtilis. 

I.  Ifahcavy  bmly  be  projected  perpondtcuiarly,  it  will 
continue  to  as^'end  or  descend  perpendicularly  ; because 
both  the  projecting  and  the  gravitating  forge  are  found  in 
the  same  Iiik*  of  direction. 

If.  If  a body  be  prr>jccted  in  free  space,  either  parallel 
(o  the  horizon,  or  in  any  oblique  direction ; it  will,  by 
this  motion,  in  conjunciion  with  the  action  of  gravity,  de- 
scribe the  curve  line  of  a parabola. 


For  let  the  body  be  projected  from  a,  in  the  direction 
A D,  with  any  uniform  velocity  ; then  in  any  equal  portions 
of  time  it  would,  by  that  impulse  alone,  describe  the  equal 
spaces  AH,  BC',CD,  in  the  line  ad,  if  it  werv  nut  drawn 
continually  down  below  that  line  by  tlie  action  of  gravity. 
Draw  BE,  cr,  do,  &c,  in  the  din'Ction  of  gravity,  or  per* 
pendicular  to  the  hurizop ; and  lake  be,  cp,  do,  &c,  equal 
to  the  spaces  through  which  thebotly  would  descend  by  its 
gravity  in  the  same  limes  in  which  it  would  uniformly  pass 
over  ihcspaces  ab,  ac,  ad,  A:c,by  the  projectile  motion. 
Then,  since  by  ihtec  motions,  the  bodyAs  carried  over  the* 
space  AB  in  the  same  time  as  the  space  be,  and  the  >pacc 
AC  in  the  same  time  as  the  space  cp,  and  the  space  ad  in 
the  same  time  as  the  space  do,  &c;  thcrefon-,  by  the  com- 
position o(  motions,  at  tbc  end  of  those  times  the  body 
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. ... 

cuJtT’li"' Aim&c!  'isut  .he  »}>••■«■•  *“-'‘'^\.''“;4‘o'f  ranl;er!llh™"»m”.er  *VbX  nature  of  ihc^raboU. 
beins  .escribed  by  un.lorm  mono..,  arc  as  thi  ol  ^ ^ ^ 

ei«J^intiun*  arul  ihc  spaces  BR,  cr»  DO,  Ate,  dctiCribctl  m „ iir..inr  m ap  • then  ihc  velocity  in  the  curve  at 

,ht  umc  .ira«  by  <hb  acfblb«i<i«  'T' [B.IIH,  -ill  i»  i^ial  ■-  <b-  "r«iiy  «q-i«ii  bj,  f,ll- 

■:■•  •r'.-.i. TT.L'S’r-^&r^  ». 5-.‘ «» 

i^Trcspcclively  proportional  to  *b*, 

which  iV  the  same  as  the  properly  of  the  paraboia.  Th«e- 
fore  the  path  of  the  projtcule  is  the  parabolic  line  Air  • 

^ Hen«  t ^^el^3^ll«u/o'f"  a projectile  is  .1-  is, 

frc-L«  H;5.rr^urror,h;^= 

lhal  j’jIij.  psrtmcicr  of  the  diameter  at  A, 

~ . - at  D, 

laZ  ■ - - ■‘”'- 

a If  a body,  after  falling  through  the  height  pa,  which 
is  equal  to  AB,  and  when  it  nrrives  at  a iI  its 
changed,  by  reflection  from  a firm  plane  a i,  or  o.erwise 
cnange  3 allerina  the  vclocitv  : and 


every  point,  will  occquai  to  luo  ... " ■' t 

L rirrough  the  perpendicular  distance  of  the  point  from 
the  said  line  pl  ; that  is,  a body  falling  freely  through 
pa,  acquires  ihe  velocity  in  the  curve  at  a, 

^ . . at  r, 

. .to, 

lu  - - - « • 

The  tea»n  of  which  is.  lhal  the  line  pl  is  what  is  called 


hP  Mime  comiaav  i 

curve : because  the  horirontal  motion  is  in  a ^ 

,io  to  the  motion  in  ad,  which  is  the  uniform  P^>‘  ' 
motion  • via,  the  constant  honrontal  velocity  being  to 
the  projectile  velocity,  as  radius  to  tlie  cosine 
DAti,  or  angle  of  elevotion  or  depression  of  the  piece  above 
or  below  tlic  horiromal  line  All.  „r  .1,- 

2.  Thq  velocity  of  the  projectile  in  the 
curve,  or  of  its  tangent,  a.  any  point  a,  « a.  the  sreantof 

iis  angle  BAi  of  1 ,'bcing  constant,  and  changed,  by  ti flection  irom  a nrm  p.....=  -.  — - 

therefore  the  rooUon  at  a,  m a , ^ completed ; the  boily  will  describe  ihe  parabola  passing 

‘"I'.'Tte  velocity  in  the  direction  no  of  “’™'‘".i.e»u.r]c‘=  Sab  orSCD  or  Sap,  therefore  ac*  = 

pcndicular  to  the  horiRon,  at  any  og  p to  ad  o orn  or  ap  4cd  ; and  because  all  the  ptTpetulicu- 

?oM\er«  iT^cS  a".^  WmH  .a‘r>  ».  f ;crlV^;:^Sctse^-bJ 

velocity  acqu.rcd^^by  twice  ^".nglt  of  The  extremes  is  equal  to  .he  recrangle  of  the 

H equal  time,  and  the  spaces  described  with  umform  „canr.  of  four  proportionals,  theicforc  it  i.  .1  y , 
^lf"r br  ing  a.  the  velocities,  it  follows  thii.  the  space 

r:‘ro^he"®.pacc  SDO.  a,  the  ptojectile  velocity  at  a » .md  ap  : ac  : : aC  : _ 

to  the  oeriiendicular  velocity  at  o#  ami  ap  . A . . 

Ill  The  velocity  in  the  direction  of  the  curve,  at  any  and  so  on. 

■mint  of  it  as  A,  is  equal  to  that  which  U generated  by  jy  Having  given  the  direction  of  a projecUle,  and  the 
^vitv  in  a body  fmely  descending  through  a space  which  jjiiiude  due  to  the  first  velocity  i to  determma 

fs  «?»1  to  o^fourth  of  the  parameter  of  the  diameter  ,g/^„..,cs.  height  to  wl.ich  it  will  mic,  and  the  random  or 
to  the  parabola  at  that  point.  ^ hori.ontaj  ran^. 

A,  or  the  height  which  a body  must  fall  to  acquire  the 
same  velocity  as  the  pro- 
jeelile  has  in  the  curve  at 
A : also  AO  the  tlireclion, 
and  AH  the  horiron.,  Upon 
A(i  let  full  the  perpendicu- 
lar PQ,  and  on  AP  the  per- 
■ pciidicular  qit  I so  shall  a a 
he  equal  to  the  greatcstml- 
titude  cv,  and  4aq  equal  to 
the  horiztmlal  range  AH. 

' -V  Or,  having  drawn  pq  perpendicular  to  *'*  — 

• , 4AQ,  and  draw  OH  perpendicular  to  Alt;  then  AH  IS  the 

Let  PA  or  A«  be  the  height  due  to  the  velocity  of  the 
nroiectile  at  any  point  a,  in  the  direction  of  the  c.vo  or  ^ cor.  - - - A P ; ao  : . ao  . +r.n, 

ninient  AC,  or^hT  velocity  acquired  by  falling  through  ^ triangles,  - - ap  i ao  ; : aq:  oh, 

• bXight;  and  complete  the  parallelogram  A^^^^  or  ap  : ao  : : 4a«:  4oH  i 

is  CD  = aI  or  AP  the  heigh,  due  to  the  velocity  m the  ^ py  i,mnglea.  Alt  = 

curve  atA  ; and  CD  is  also  the  height  due  to  the  ^rpen- 

dicular  velocity  at  D,  which  will  therefore  be  equal  to  the  ^ ^ ^ parabola,  then  a b or 

foiract : bub  by  the'laU  corollary,  the  velocity  at  A is  to 
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. QBj  c<.n«,ucntly  a«  = «v  which  lh«  clc».Uon  of  45* ) that  U.  Iho  rang*  at  15*  i.  equal  i. 
e of  the  parabola.  the  Impetus  or  height  due  to  the  projectile  velocity, 

the  angle  q is  a right  angle,  which  7,  1 he  greatest  altitude  cr.  beine  eoual  to  AH.  i«  U tlll> 


the  point  q. 
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Iao  = Jao,  or  AO  i 
ia  = cv  by  the  nature  i 

ia  lhe'?n.i;  - *?*“'  i.'*  "f*  «rr*tcM altitude  cr.  being'equal  u,  a«.  i.  a.  the 

« the  angle  lu  a Kinictrcle,  therefore  if  upon  a r a.  a vitiod  aine  of  double  the  angle  of  elevuion.  and  alw  a> 
diameter  a setaicircle  be  deicribed,  it  will  pau  thmugh  *r  or  the  square  of  the  velocity.  Or  aa^he  .quare  of  the 

siru!  of  elfvaiion,  and  the  square  of  the  velocity  ; for  the 
square  of  the  sine  is  as  the  versed  sine  of  the  double  angle. 

S.  Ihe  time  of  flight  of  the  projectile,  which  is  equal  to 
the  time  of  a body  falling  freely  tbrottgh  ou  or  4cv,  4 
times  the  altitude,  it  therefore  as  the  square  root  of  the 
altitude.  Of  as  the  projectiH  velocity  and  sine  of  the  ele- 
vation. 

And  hence  may  be  deduced  the  following  set  of  iheo* 
i»ms  for  finding  all  the  circumstances  relating  to  pio* 
joctiles  on  horisontal  planes,  baviog  any  two  of  them 
given.  Thus,  let 

^ sine,  cosine,  and  tang,  of  elevation, 
a,  a s aine  and  vers,  of  double  the  elevation. 

, , . , , , raafp,  T the  timo-of flight,  V the  projectile 

If  the  honxontal  range  and  the  projectile  velocity  « the  greatew  height  of  the  projdfclilc,  g sb  1<JVt 

be  given,  the  direction  of  the  piece  so  as  to  strike  the  ob-  feel^and  4 = the  impetus  or  the  altitude  due  to  the  vclo- 
ject  H will  be  easily  found  thus:  Take  ao  s and  ▼<  Then, 
drwr  i>Q  perpendicular  to  an,  meeting  the  semicircle  de- 
scribed on  the  diametc^ar  in  q and  9 ; then  either  aq  or 
afwill  be  the  direction  of  the  piece.  And  hi-ncc  it  ap- 
pears, that  there  are  two  directions  an  and  ah  which, 
with  the  same  projectile  velocityi  give  the  very  same  bo- 
risontal  range  au  ) and  these  two  directions  make  equal 
angles  7ao  and  Qap  with  au  and  ar,  because  the  arc 
is  equal  to  the  aro  ay, 

3.  Or  if  the  range  au  knd  direction  aa  be  given;  to 
find  the  altitude  and  velocity  or  impetus:  Take  ad 
|au,  and  erect  the  pcrpi'odicular  dq  meeting  an  in 
so  shall  DQ  be  et^ual  to  the  greatest  altitude  cv.  Abo 
erect  'ap  perpendicular  to  ah,  and  qp  to  aq  ; so  shall  ^p 
be  the  height  due  to  the  velocity. 

4.  When  the  body  is  projected  with  the  same  velocity, 
but  in  different  directions;  the  bohaontal  ranges  au  wiU 
be  as  the  sines  of  double  the  angles  of  elevation.  Or» 
which  is  the  same  thing,  as  the  rectangle  of  the  sine  and 
cosine  of  elevation.  For.  a d or  uq,  which  is  ^a  h,  is  the 
sine  of  the  arc  aq,  which  measures  double  the  anglDQAD 
of  elevation. 

And  when  the  direction  is  the  same,  but  the  velocities 
different,  tbc  horizontal  rangi-s  are  as  the  square  of  the  ve- 
locities, or  as  the  height  ap  which  is  as  the  square  of  the 
velocity  ; for  the  sine  a d or  rq,  or  ii,  is  as  Ihe  radius, 
or  as  the  diameter  a p. 

Tlierefure,  when  both  arc  different,  tbc  ranges  are  in  the 
compound  ratio  cf  the  squares  •!  tha  velocities  and  the 
vines  of  double  the  angles  of  elevation. 

5.  The  greatest  range  is  when  the  angle  of  elevation  it 

half  a right  angle,  or  45^  For  the  double  of  46  is  By  tlU  last  prop,  find  the  horizontal  range  an  to  the 

which  has  the  greatest  sine.  Or  the  radius  os,  which  is  ^ given  velocity  and  direction;  draw  U£  perpendicular  to 
of  the  range,  is  the  greatest  sine.  au  meeting  the  oblique  plane  in  b;  draw  ir  parallel 

And  brnce  the  greatest  range,  or  that  at  an  tlevation  of  to  the  direction  ao,  and  pi  parallel  to  mb;  so  shall 
45*^,  is  just  double  the  altitude  aP  which  is  due  to  the  the  projectile  pass  through  1,  and  the  range  on  tbc 
velociry.  Or  equal  to  4vc.  And  consequently,  in  that  oblique  plane  wilt  be  at.  This  is  evident  from  prob.  17 
case,  c is  the  focus  of  the  parabola,  and  a 11  its  parameter.  * of  the  parabola  in  my  Treatise  on  Coaic  Sections,  where 


= <w*  = f/ro  = i^R 

And  from  any  of 
found. 

I'd  determine  tbc  range  on  an  oblique  plane;  having 
given  the  impetus  or  the  velocity,  and  the  angle  of  di- 
rection. 

heC  AB  bo  the  oblique  plane,  at  a given  angle  above  or 
below  the  horizontal  plane  a|t ; ao  the  direction  of  the 
piece;  Aid  ap  the  altitude  due  to  the  projectile  velocity 

at  A. 


And  the  ranges  arc  equal  at  angles  equally  above  and  be- 
low 45°. 

6.  When  the  elevation  is  16^,  tbc  double  of  which,  or 
30^t  having  its  sine  equal  to  half  the  radius,  consequen 
its  range  will  be  equal  to  aP,  or  UaU  the  greatest  ranee 
VoL.  II. 


it  is  proved,  that  if  an,  ai  be  any  two  lines  terminated 
the  curve,  and  ir,  hr  be  parallel  to  tbc  a.\is;  then  is 
parallel  to  the  tangent  ao. 

Hence,  1.  If  ao  be  drawn  perpendicular  to  the  plane 
ai,  and  ap  be  bisected  by  the  perpendicular  sto  ; iheii 
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tvith  ihe  centre  o 
describing  a circle 
Uirougb  A and  P,  ibe 
umi’  will  also  pa»s 
lit  rough  f,  bi’Causc 
the  angle  o a i , formed 
by  the  langenl  AO 
aiid  A I,  •»  equal  to 
(lio  angle  a in/,  which 
will  therefore  stand  upon  the  same  arc  a</. 

If  there  be  given  the  nytge  ami  velocity,  or  the  im- 
petus, the  direction  will  then  be  easily  found  thus : Take 
ait  = }Ai,Uraw  k<f 
perpendicular  to 
ah,  meeting  the 
circle  described 
vrilh  the  radius  AO 
in  two  points  9 and 
q ; then  a</  or  ai/ 
will  be  the  direc- 
tion of  the  piece<i  ^ 

And  hence  it  sip-- 
pears  that  ther|[^. 
are  two  directionv  ‘ ^ 

which,  with  the  same  impetus,  give  the  very  same  nin^ 
At,  on  the  oblique  plane.  And  these  two  directions  make 
equal  angles  with  At  and  ap,  the  plane  and  the  perpendi- 
cular, because  the  arc  P9  = the  arc  Aq.  They  also  make 
equal  angles  with  a line  drawn  from  a through  s,  because 
the  arc  sy  ss  the  arc  sy. 

3.  Or,df  there  be  given  the  range  ai,  and  the  direc- 
tion Aq;  to  find  the  velocity  or  impetus.  Take  Ak  =s 
^Ai,  and  erect  kq  perpendicular  to  ah  meeting  the  line  of 
direction  in  f ; then  draw  yp  making  the  angle  Aqr  — 
the  angle  Akq;  so  shall  ap  be  the  impetus,  or  altitude 
due  to  ihe  projectile  velocity. 

4.  The  range  on  an  oblique  plane,  with  a given  eleva- 
tion, is  directly  as  the  nciangle  of  the  cosine  of  the  direc- 
tion of  the  piece  above  the  horisnn  and  the  sine  of  the  di- 
rection above  the  oblique  plane,  and  reciprocally  as  the 
square  of  the  cosine  of  the  angle  of  the  plane  above  or  be- 
low tbc  horiaon. 

For  put  t s sin.  Z.  9AI  or  a^, 

c = cos.  Z.  qAii  or  sin.  PA9, 

C B cos.  Z.  Aiii  or  sin.  Akd  or  Akq  or  Aqv, 
Then,  in  the  irj.  apv»  - - - c : r : : ap  : ao, 
and  in  the  iri.  Akq^  - - - c : c : : A9  : aa, 
therefore  by  compos,  - • - c*:ci:  : ap  : aA  =3  ^ai. 

So  that  the  oblique  range  At  = a 4ap, 

Hence  the  range  is  the  greatest  when  Ak  is  the  ereatest, 
that  is  when  kq  touches  the  circle  in  the  middle  point  a, 
and  then  the  line  of  direction  pusses  through  s,  and  bi- 
sects the  angle  formed  by  the  oblique  plane  and  the  ver* 
tex.  Alsu  the  ranges  are  equal  at  equal  angles  above  and 
below  this  direction  for  the  maximum. 

5.  The  greatest  height  cv  or  kq  of  the  projectile,  above 

the  plane,  is  equal  to -V  * ap.  Aud  therefore  it  is  as 

the  impetus  and  square  of  the  sine  of  direction  above  the 
plane  directly,  and  square  of  the  cosine  of  the  piano's  in- 
eliaatiun  reciprocally. 

For  c (sin.  a^p)  : • (sin.  APy)  ; : ap  ; 49, 
and  c (sin.  Akq)  : • (sin.  ^a9)  : : a 9 : ^9, 
therefore  by  comp,  c*  : V : ; ap  : A9. 


6.  The  time  of  flight  in  the  curve  An  is  = — V— » 

where  g *a  l6Vr  And  therefore  it  is  as  the  ve- 

locity and  sine  of  direction  above  the  plane  directly, 
and  cosiuc  of  the  plane's  inclination  reciprocally.  For 
the  lime  of  describing  ibe  curve,  is  equal  to  the  time  of 
falling  freely  through  o I or  4*9  or-—  x ap.  Therefore, 
tbc  time  beiifg  as  the  square  root  of  the  distance,  ; 

: f 


jv*- 


^ — the  lime  of  flight. 

7.  From  the  foregoing  corollaries  may  lie  collected  the 
following  set  of  theorems,  relating  to  projectiles  made 
on  any  given  inclined  plaiu's,  cither  above  or  below  the 
borisontal  plane.  In  which  the  letters  denote  as  before, 
namely, 

c ss  COS.  of  direction  above  tbc  hunaon, 
c ss  COS.  of  iiiclinaiion  of  the  plane, 

< = sin.  of  direction  above  the  plane, 

R the  range  on  the  oblique  plane, 

T ihciimc  of  flighr, 

V the  projectile  velocity, 

11  the  greatest  height  above  the  plane,  ^ 

a the  impetus,  or  all.  due  to  the  vdlocily  v,. 
e = 16t*t  fc<^t.  Then 
» = _ K 4.  = -T  =-H. 


= 77*'  = 


tfC' 


»*■  M y" 

: v'—  = Sv^-- 
^ IT 


a>  -a 

^ C gC  ‘ A 

And  from  any  of  these,  the  angle  of  direction  may  be 

(J/'rAc  PaJk  i^PROJECTiLts  iudtpendiitgon  fkeHehs/ojtce 

of  the  Air. 

For  a long  lime  after  Galileo,  philosophers  seemed  to 
be  satisfied  with  the  parabolic  theory  of  pmjvtliles,  deem- 
iitg  the  efiecl  of  tlie  air's  resisitance  on  the  path  lu  of  no 
consequence.  In  process  of  lime  however,  as  the  true 
philosophy  bcgAii  to  dawn,  they  began  to  suspect  that  the 
resistance  of  the  medium  might  have  sonic  effect  on  tl^ 
projectile  curve,  and  they  set  themselves  to  coniuder  this 
subject  with  some  attention. 

Huygens,  suppoiing  that  the  resistance  of  the  air  was 
proportional  lotlie  velocity  of  the  moving  body,  concluded 
that  the  line  described  by  it  would  be  u kind  of  logarith- 
mic curve. 

But  Newton,  having  clfarly  proved,  that  the  resistance 
to  the  boily  is  not  proportional  to  the  velocity  itself,  hut 
to  the  square  of  it,  shows,  in  his  Principia.  that  the  line 

' . ■ I I ..n  liur>«rtwil« 


to  ine  square  01  11,  iu  u»a  • 

a projectile  dtscribei,  approachtg  lu  ari-r  to  an  hyperbola 
than  . pawbola.  Seboh  prop.  10,  lib.  2.  ThusifAOKhe 


a curve  of  llie  hyperbolic 
kind,  one  of  whose  asymp- 
tote* is  wx,  perpendicular  to 
the  horiaoii  a a,  ond  the 
other  IX  inclined  to  the 
same,  where  to  is  recipro- 
cally as  dk",  whose  index  is 
n:  this  curve  will  nearer  re- 
presciu  the  j«th  of  a projec- 
tile thrown  in  the  direction 
All  in  the  air,  than  a para- 
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boU.  Newton  inJecd  says,  that  these  hyperbolas  nre  not 
accurately  the  curvt*s  that  a proj  ctile  makes  in  the  air; 
for  thi' 'tru<‘  onc-s  are  curves  winch  about  the  vertex  are 


more  distant  Iruni  the  usymiitotes,  and  m the  pans  remote 
from  tiie  axis  approach  nearer  to  the  asymptotes  thao 
these  h)  perbolas  ; but  that  in  practice  these  iiy|a‘rbolas 
may  be  used  insieud  uf  ilit»se  mure  coinpoumh d ones. 
And  if  a body  U'  proji'cted  Irom  a,  in  the  nghi  line  a ii, 
and  At  be  drawn  paraUet  to  the  asymptote  NX,  uiid  or  a 
tangent  to  the  curve  at  the  vertex : Tiien  the  density  of 
the  medium  in  a will  be  reCiprucully  as  the  tangent  ah« 

and  the  tKidy’s  vciocily  will  be  as  %/”•  and  the  resist- 
ance of  the  medium  will  be  to  gravfty,  as 


Ail  to  ’ K Al. 

A a 

John  llernoullt  constructed  this  curv*c  by  means  of  the 
quadrature  of  some  transcendental  curves,  at  the  reouesl 
of  Dr.  Koii,  who  proposetl  this  pniblem  to  him  in  1/18'. 
It  was  also  resolved  by  Ur.  Taylor ; and  another  solution 
of  it  may  be  found  in  Hermann's  Fhoronomia. 

Tbe  commentators  Le  ^licur  and  Jacquier  say,  that  the 
description  of  the  curve  in  which  a projectile  moves,  is  so 
very  piTpIcxt-d,  that  it  can  scarcely  be  ex|>ecied  any  de- 
duction sluAild  be  made  from  it,  either  lo  philosophical 
o^inechanicat  purposes : vo).  2,  pa.  118. 

Dan.  Uemouili  too  proved,  that  the  resistance  of  tbe 
air  has  a very  great  ctfect  on  the  swift  motions,  such  as 
those  of  cannon  shut.  He  concludes  from  experiment, 
that  a ball  which  ascended  only  7819  feet  in  tbe  air, 
would  (luve  ascended  i8750  fret  in  vacuo,  being  near  8 
times  us  high.  Comment.  Acad.  Prtr.  tom.  3. 

Kulor  has  still  farther  investigated  the  nature  of  this 
Curve,  anti  directed  the  calculation  and  use  of  a number 
of  tables  for  the  solution  of  all  cases  that  occur  in  gun- 
nery, which  may  t^e  accomplished  with  nearly  as  much 
expedition  as  by  tbccomnxyi  parabolic  principU'S.  Me- 
moirs of  the  Academy  of  Berlin,  for  the  year  I7i>3. 

But  how  rash  and  erroneous  the  old  opinion  of  the  in- 
considerable resistance  of  the  air  is,  will  easily  appear 
from  the  experiments  of  Mr.  Rubins,  who  has  shown  that,  * 
in  some  cases,  this  resistance  to  a cannon  ball,  amounts 
to  more  than  30  times  the  weight  of  the  ball ; and  I my- 
self, havi.ig  prosecuted  thU  subject  fur  beyond  any  former 
example,  have  sometimes  found  this  resibUnce  amount  to 
near  100  times  the  weight  of  the  ball,  vu,  when  it  moved 
with  a velocity  of  3000  feet  per  second,  whicli  is  a rale 
of  almost  33  miles  in  a minute.  What  errors  then  may 
IK>1  bo  expected  Irom  an  hypothesis  which  neglects  this 
force,  as  inconsiderable  ? Indeed  it  is  easy  to  show,  that 
the  path  (d'  such  projectiles  is  neither  a parabola  nor 
nearly  a parabola.  For,  by  that  theory,  if  the  ball,  in  the 
instance  last  meiitiuned,  moved  in  the  curveuf  a paral>ohi. 
Its  horiannlul  range,  ut  43^  elesation,  will  be  found  to  be 
aluKwt  34  miles;  whereas  it  often  happens  that  the  ball, 
with  such  a velocity,  ranges  far  short  of  even  one  mile. 

Indaed  the  fallacy  of  this  hypothesis  almost  appears  at 
sight,  even  in  pnjectilcs  slow  enough  to  have  their  mo- 
tion traces  by  the  eye;  lor  they  are  seen  lo  descend 
through  a curve  manifestly  shorter  and  more  inclined  to 
the  horizon  than  that  in  which  ibey  aacended,  and  the 
higlirst  point  of  their  flight,  or  the  vertex  of  the  curve,  it 
much  nearer  to  the  place  where  they  fall  on  the  ground, 
than  to  Unit  from  which  they  were  al  hrst  discharged. 
I'hese  things  omnot  for  a moment  be  doubled  of  by  any 


one,  who  in  a proper  situatioa  views  the  flight  of  stones 
arrows,  or  shells,  thrown  to  any  considerable  distance. 

Mr.  Rubins  has  not  only  deircted  the  errors  of  the  pa- 
rabolic th»“ory  of  gunnery,  which  takc*s  no  account  of 
the  resislnnce  of  the  air,  but  attempts  to  show  how  to 
compute  the  real  range  of  resisted  bodies.  But  for  the 
method  which  he  proposes,  and  the  tables  be  has  com- 
puted for  this  purpose,  sec  his  Tracts  of  Gunnery,  pa. 
18:1,  itc,  vot.  t ; and  also  Kulcr  a Commentary  on  the 
same,  translated  by  Mr.  Hugh  Bmwn,  in  1777. 

There  is  an  odd  circumstance  which  often  takes  place 
in  the  motion  of  bodies  projected  with  comidenible  l^orce, 
which  shows  the  great  complication  and  difliculty  of  this 
subJt'Cl ; namely,  that  bullets  in  their  flight  are  not  only 
depressed  beneath  their  original  direction  by  the  action  of 
gravity,  hut  are  also  frequently  driven  lo  the  right  or  left 
of  that  direction  by  the  action  of  some  other  force. 
Now  if  it  were  true  that  bullets  varied' their  direciioa 
hy  the  action  of  gravity  only,  then  it  ought  to  happen 
that  the  errors  in  their  flight  to  tbe  right  ordeft  of  the 
mark  they  were  aimed  at,  should  increase  in  the  propor- 
tion of  the  distance  of  tbe  mark  from  the  piece  only. 
Rut  this  is  contrary  lo  all  exporionce;  the  same  piece 
which  will  carry  its  bullet  witbtn  an  inch  of  the  intended 
mark,  at  10  yards  distance,  cannot  be  relied  on  to  10 
incht's  in  100  yards,  much  less  to  30  in  300  yards. 

And  this  inequality  can  only  arise  from  the  track  of  the 
bullet  bring  incurvated  sideways  as  well  as  downwards  ; 
for  by  this  means  the  distance  between  the  incurvated  line 
and  the  line  of  direction*  wilt  increase  in  a much  greater 
ratio  than  that  of  the  di>>tance  ; these  lines  coinciding  at 
tbe  mouth  of  the  piece,  and  afterwards  sepiimting  in  the 
manner  of  a curve  from  its  tangent,  if  the  mouth  of  the 
piece  bo  considered  as  the  point  of  contact. 

This  is  pm  beyond  a doubt  from  the  experiments  made 
by  Mr.  Robins;  who  found  also  that  the  direction  of  the 
shot  in  the  perpendicular  liiu'  was  not  less  uncertain, 
falling  sometimes  300  yards  short  of  what  it  did  at  other 
times,  though  there  was  no  visible  cause  of  diflcrence  in 
making  the  experiment.  And  I myself  have  often  ex- 
perienced a difference  of  one-fiffh  or  one-sixth  of  the 
whole  range,  both  in  the  d^eetton  to  tbe  right  orleR,  and 
also  in  the  extent  of  the  range,  of  cannon  shot. 

If  it  be  asked,  what  can  ^ the  cause  of  a motion  so 
ditferent  from  what  has  been  hilbertu  supposed  ? It  may 
be  answered,  that  the  drfl(>ction  in  question  must  bo 
owing  to  some  power  acting  obliquely  to  the  progressive 
motion  of  the  body,  which  power  can  be  no  other  than 
the  resistance  of  the  air.  And  this  resistance  may  per- 
haps act  obliquely  to  tbe  progressive  motion  of  the  body, 
from  im'ijualitics  in  the  resisted  surface ; but  its  grueral 
cause  .is  doubtless  a whirling  motion  acquired  by  the 
bulla^about  an  axis,  by  its  friction  against  the  sides  of 
the  piece  ; for  by  this  motion  of  rotation,  combined  with 
the  progressive  motion,  <*ach  parl  of  the  ball’s  surface 
will  strike  the  air  in  a direction  very  ditferent  from  what 
it  would  do  if  there  was  no  sucb  whirl ; ami  the  obli- 
quity of  the  action  of  the  air,  arivng  from  this  cause, 
will  be  greater,  according  as  the  roi.-iiory  motion  of  the 
bullet  is  greater  in  proportion  to  its  progressive  motion. 
Tracts,  vol.  3.  ' . 

M.  Euler,  on  the  contraiy’.  aftributt-s  this  deflection  of 
the  ball  to  its  figun*,  and  very  little  to  its  rotation : for 
if  the  ball  was  perfectly  round,  though  its  centre  uf  gra- 
vity did  not  coincide  with  the  centre  of  sponlaneous  ro- 
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tation,  Ihe  deflection  from  the  axit  of  the  cylindei,  or 
line  of  direction  sidevtays,  would  be  rery  incouMderable- 
but  when  it  is  not  round,  it  will  gcnervlly  go  to  the  right 
or  left  of  its  direction,  and  so  much  the  mure,  as  its  range 
is  greater.  From  his  reasoning  on  this  subject  he  infers, 
that  cannon  shot,  which  arc  made  of  iron,  and*rounrler 
and  k-ss  susceptible  of  a change  of  figure  in  passing  along 
the  cylinder  than  thos<*  of  lead,  are  more  certain  than 
mu>ket  shot  True  Principles  of  Gunnery  investigated, 
1777,  pa.  30-t,  &c.  And  for  the  expcriinenls  on  the  air's 
resistance  to  all  balls  and  velocities,  with  the  application 
'to  gunnery.  See  my  Tracts,  vois.  2 and  3. 

PilOJk^  ION,  ill  Mechanics,  the  act  of  giving  a pro- 
jectile its  niotion.>>-lf  the  direction  of  the  force,  by  which 
the  projectile  is  put  in  motion,  be  perpendicular  to  the 
horizon,  the  projection  is  said  to  be  pcTpendicular ; if 
parallel  10  the  apparent  horizon,  it  is  said  to  be  un  hori- 
zontal projection;  and  if  it  make  an  oblique  angle  with  the 
horizon,  ibe  projection  is  oblique.  In  all  cases  the  angle 
which  the  line  of  direction  makes  with  the  borizuiital  line, 
b called  the  angle  of  elevation  of  the  projectile,  or  of  de- 
pression when  the  line  of  direction  puiqts  below  the  Lori- 
Buptai  line. 

Pnuj ECTiOK.  in  Perspective,  denotes  the  appearance 
or  representation  of  ua  object  on  the  perspective  plane. 
So,  the  projection  of  11  point,  is  a point,  where  the  optic 
ray  passt's  from  the  ubjKtivc  point  through  the  plane  to 
the  eye  ; or  it  is  ihe  point  where  the  plane  cuts  the  optic 
ray.  And  hence  it  is  easy  to  conceive  what  b mt^ant  by 
the  pnijectiun  of  a line,  a platvc,  or  a solid. 

pRojRCTtON  (j/* tAe  Sphfre  m Plano,  is  a representation 
of  Ihe  several  points  or  places  of  the  surface  ol  the  sphere, 
and  of  the  circli'^  dt'seribed  upon  it,  on  a supposi'd  trans- 
parent plane  placed  between  the  eye  and  the  sphere,  orsuch 
as  they  appear  to  the  eye  placed  at  a given  distance.  Fur 
tl^  laws  of  this  projection,  sec  Perspective:  the  pro- 
jection of  the  sphere  being  only  a particul.'ir  case  of  ficr- 
spective. — 'Fhe  chief  use  of  the  projection  of  the  sphere, 
is  in  the  construction  of  planispheres,  maps^  and  charts; 
which  are  said  to  b<'  of  this  or  that  prijection,  according 
to  the  several  situations  of  the  eye,  and  Ihc  p<Tsp<*clive 
plane,  with  regard  to  the  meridians,  parallels,  and  other 
points  or  places  to  be  represenieil. — The  mo*t  usual  pro- 
jection of  maps  of  the  world,  b that  on  the  plane  of  the 
meridian,  which  exhibits  a right  sphere  ; the  first  meridian 
being  the  horizon.  The  next  is  that  on  the  plane  of  the 
equator,  which  has  the  pole  in  the  centre,  and  the  mOTi- 
dians  the  radii  of  a circle,  &c  ; which  represents  a paral- 
lel sphere.  See  Map. 


Idixot  <tf  the  Ortho^aphic  Pfojtctxon. 

1.  The  rays  coming  Iroro  the  eye,  being  at  an  lofinitR 
distance,  and  making  the  projection,  are  parallel  to  each 
other,  uud  perpendicular  to  the  plane  of  projt-ction. 

2.  A right  line  perpendicular  to  the  plane  of  pnijection, 

i»  projected  into  a point,  where  that  line  meets  the  said 
plum . ^ 

3 A right  line,  as  a b,  or  co,  not 
perpendicular,  but  either  purallel  or 
oblique  totbe  plane  of  the  projection, 
b projected  into  a right  line,  as  j f or 
oil,  and  is  always  comprehended  be- 
tween the  extreme  p<i~pcndiculars  ae 
and  BF,  or  co  and  pii. 

4-The  projrciion  ol  the  line  a h is  the 
greatix,  when  ab  is  parallel  totbe  plune  of  the  projection. 

5.  fleticc  it  b evident,  that  a line  parallel  to  the  plane 
of  projection,  is  projected  into  a right  liim equal  to  itself ; 
but  a Ime  that  is  oblique  to  the  plane  of  projection,  is  pro- 
jected into  one  that  is  less  than  itself, 

O'.  A plane  surface,  as  acbd, 
perpendicular  to  the  plane  of  pro* 
jeetion,  is  projected  into  the  right 
line,  as  ab,  in  which  it  cuts  that 
plane.— Hence  it  is  evident,  that  the 
circle  ACRD  perpendicular  to  the 
piano  of  projection,  passing  through 
its  centre,  is  projected  into  that  dia- 
meter AB  in  which  it  cuts  ihc  plane  of  the  projection. 
Also  iny  arch  as  cc  is  projected  into  oo,  equal  to  co,  the 
right  sine  uf  that  arch  ; and  the  cumpletnenlal  arc  cb  U 
projected  into  ob,  the  versed  sine  of  the  same  arc  cB. 

7 A circle  parallel  to  the  plane  of  projeetion,  is  pro-. 
jeeted  into  a circle  equal  to  itself,  having  its  centre  the 
same  with  the  centre  of  ihc  projection,  and  its  radius  equal 
h>  the  cosine  of  its  distance  from  the  plane.  And  a circle 
(4>lique  to  the  plane  of  prujeciion,  is  projected  into  an  el- 
lipsis, whose  greater  axis  is  equal  to  ihc  diameter  of  the 
errde,  and  its  leas  axis  equal  to  double  thecositK  of  ibe 
obliquity  of  ihe  cirdc,  to  a radius  e<iual  to  half  the  great- 
er axis. 

PfopertM  qf  the  .S/<reo{^opAjc  Prfy^iian. 

1.  In  this  projection  a right  circle,  or  one  per)>endicu- 
lar  lo  the  plane  uf  proj«.-ction,  ami  passing  ibrough  the  eye, 
is  proji^tcd  into  n line  of  half  tangents. 

2.  The  projection  of  all  other  circles,  not  passing 
ibrough  the  projecting  point,  whether  parallel  or  oblique, 
are  proyected  into  circles. 


Thus,  let  ACEDB  represent  a sphere,  cut  by  a plane  ms. 
The  projection  of  the  sphere  is  usually  divided  into  or-  passing  through  the  centre  1,  perpendicular  to  the  diame- 
thugraphic  and  steroograpbic ; to  which  may  be  added  ter  eh,  drawn  from  e the  place  of  the  eye ; and  let  the 
gnomonic.  section  of  the  sphere  by  the  plane  hs  be  the  circle  CFDL, 

Orthnfrophic  Projbctiox,  b that  in  which  the  surface  whole  poles  are  11  and  E.  Suppose  now  agb  a circle  on 
uf  the  sphere  is  drawn  upon  a [danc,  cutting  it  in  the  mid-  the  sphere  to  be  projected,  whme  pole  most  remote  from 
die;  the  eye  bring  placed  at  un  infinite  distance  vertically  the  eye  b p;  and  the  visual  rays  from  the  circle  agb 
to  one  of  the  hemispheres.  And  mectingin  £,  to  form  the  cv>ne  AOBC;of  which  the  trian- 

StereograplUc  PaojecTioB  of  the  sphere,  is  that  in  gk*  aeb  is  a section  throuiih  the  vertex  and  diameter 
which  the  surface  and  circles  of  the  sphere  are  drawn  upon  of  the  base  ab:  then  will  the  figure  which  b the 
the  plane  of  a great  'circle,  the  eye  being  in  the  pole  of  projection  of  the  circle  abb,  l>e  itself  a circle.  Hence, 


that  circle. 

Gaoffioaicfl/ Projection  q/* rAe  Sphere,  b that  in  which 
the  surface  of  the  sphere  is  drawn  upon  r plane  without 
side  of  it,  cummunly  touching  it,  the  eye  tveing  at  the 
centreof  the  sphere.  See  Gnomonical  Pro/ection. 


the  middle  of  the  projected  diameter  is  the  centre  of  the 
prujecied  circle,  whether  it  be  a great  circle  or  a small 
•nc:  Also  t^c  poles  and  centres  of  all  circles,  parallel  to 
the  plane  of  projection,  fail  in  the  centre  of  the  projec- 
tion : And  all  oblique  great  circles  cut  the  primitive  circle 
in  two  points  diamctncally  opposite. 
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2.  The  projected  diameter  of  any  circle  subtencin  an 
angle  at  the  eye  equal  to  the  difttonce  of  that  circle  from 
lb  nearest  pole,  taken  on  the  sphere ; and  that  anslc  it  bi* 
lecied  by  a right  line  joining  the  eye  and  that  pole.  Thin, 
kt  the  plane  na  cut 
the  sphere  hfso 
Ihrongb  its  centre  i;  . 
and  let  aac  be  any 
oblique  great  circle, 
whose  diameter  ac  is 
projected  into  ac ; 
and  KOL  any  small 
circle  patalU'l  to 
ABC,  whose  diameter 
■ L is  projected  in  kl. 

Then  the  distances  of 
those  circlesfrom  their  pole  r,  being  the  arcs  ahp,  riip  ; 
and  the  angles  aac,  ire/,  bi>ing  (be  angles  at  the  eye,  sub* 
tended  by  their  projectetl  diameters,  acand  kl.  Jt  follows 
that  the  angle  axe  is  measured  by  the  arc  ahp,  and  that 
the  augle  kit  it  mpa>>ured  by  the  arc  kiip;  and  those  an- 
gles are  bisected  by  sp. 

5.  Any  point  of  a sphere  it  projected  at  such  a distance 
from  the  centre  of  projection,  as  is  equal  to  the  tangent 
of  half  the  arc  intercepted  between  that  point  and  the 
pole  opposite  to  the 
eye,  the  semidiamoter 
of  the  sphere  being  ra* 
dius.  Thus,  let  chxB 
be  a great  circle  of 
the  sphere,  whose  cen- 
tre is  c,  on  the  plane 
of  projection  cutting 
the  diameter  of  the 
sphercin  6 and  b;  also 
X and  c the  poles  of 
the  section  by  that 
plane;  and  ajhe  projection  of  a.  Then  ca  is  equal  the 
tangent  of  half  the  arc  ac,  as  is  evident  by  drawing  cp 
eqi^  to  the  tangent  of  half  that  arc,  and  Joining  cP. 

4.  The  angle  made  by  two  projected  circles,  is  equal  to 
the  angle  which  these  circles  make  on  the  sphere.  For  let 
lACK  and  ABL  be  two 
circles  on  a sphere  inter- 
secting in  A ; X the  pro- 
jecting point ; and  rs  the 
plane  of  projection,  in 
which  the  point  a is  pro- 
jected in  a,  in  tbe  line  ic, 
the  diameter  of  the  cir- 
cle ACE.  Also  let  DR 
and  PA  be  tangents  to 
thecircles  acx  and  abl. 

Then  will  the  projected 
angle  tiq/'be  equal  to  tbe  spherical  angle  bac. 


5.  The  distance  between  the  poles  of  the  primitive 
circle  and  au  oblique  circle,  is  equal  to  the  tangent  of 
half  the  inclination  of  those  circles  ; and  the  distance  of 
their  centres,  is  equal  to  the  tangent  of  their  inclination  ; 
tbe  seinidiameter  of  the  primitive  circle  being  radius.  For 
let  AC  be  the  diame- 
ter of  a circle,  whose 

, poles  are  p and  q,  and 
inclined  to  tbe  plane 
of  projection  in  the 
angle  Air;  and  let  a, 
be  the  projections 
of  the  points  a,  c,  p ; 
also  let  ROE  be  the 
projected  oblique  cir- 
cle, whose  centre  is  q. 

Now  when  the  plane 
of  projection  becomes  the  primitive  circle,  whoHC  pole  is  i ; 
then  is  ip  equal  to  the  tangent  of  half  tbe  angle  Air,  or 
of  half  the  arch  a p ; and  iq  is  equal  to  the  tangent  of  a f$ 
orof  the  angle  pho  = Atr. 

6.  If  through  any  given  point  in  the  primitive  circle, 
an  oblique  circle  be  described  ; then  the  centres  of  all 
other  oblique  circles  passing  through  that  point,  will  be 
in  a right  line  drawn  through  the  centre  of  the  first  ob- 
lique circle,  and  perpendicular  to  a line  passing  through 
that  centre,  the  given  point,  and  the  centre  of  the  primi- 
tive circle.  Thus,  let 
QACE  be  tbe  primitive 
circle,  adri  agreatcti^ 
cle  described  through 
D,  its  centre  being  b. 

HK  is  a right  line  drai^n 
through  B perpendicu- 
lar to  a right  line  ci 
passing  through  n and 
B and  the  centre  of  the 
primitive  circle.  Tlien 
the  centres  of  all  other  great  circles,  as  fdo,  passing 
through  D,  will  fall  in  the  line  hk. 

7.  F^qual  arcs  of  any  two  great  circles  of  the  sphere 
will  be  intercepted  between  two  other  circles  drawn  on 
the  sphere  through  the  remotest  poles  of  those  great  circles. 
For  let  PBEA  be  a 
sphere,  on  which 
AOB  and  CPD  are 
two  great  circles, 
whose  remotest  poles 
are  x and  p ; and 
through  these  poles 
let  the  great  circle 
PBSC  and  the  small 
circle  poe  be  drawn, 
cutting  tbegreat  cir- 
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cleft  AOR  end  cro  in  the  puiiilt  B,  o,  d,  r«  Then  are 
the  iuicrccptcd  uics  BO  mid  or  i ^umI  to  each  other. 

8.  It  lim*»  he  drawn  tVom  the  projected  pule  of  any 
great  circle,  cutting  the  penpheritii  ol  the  projected  circle 
and  ptaiK'  of  projt  ciomi  ; the  intercepted  arcs  of  tlio»e  |>e- 
ripheric»  are  et^usi ; that  is,  the  arc  bo  = 4f’ 

9-  'I’he  nwliiis  of  ao^  iraser  circle,  wh<»sc  plane  is  pir- 
pi-ndiCuUr  ki  Ihat  of  the  primiiisc  circle,  is  equal  to  tho 
tattgentof  that  li’»pr  circles  distance  fro^  iU  pole  ; and 
the  siruiU  of  that  distant*  is  equal  to  the  distance  of  iho 
centres  of  the  priimlivc  and  Untser  circle*  For  Id  p be  the 
pole,  and  a a the  dia> 
uji  ter  of  a lesser  circle, 
its  plane  being  perpen- 
dicular to  that  of  the 
primitive  circle,  whuse  , 
centre  is  C : thon  d 
being  the  centre  of  the 
projected  lesser  circle, 
da  is  equal  to  the  tan- 
gent of  the  arc  ha,  and 
dc  = the  secant  of 
Pa.  See  STtkBooRAPMic Prrt;>ctiort. 

fiercuior's  Pkoj  acTiuN.  S**e  Mrrcator,  and  Chart. 

Projection  of  Globes,  &c.  See  Globe,  ficc. 

Poiur  Projection*.  See  Polar. 

Projection  <^’ Shadenva.  See  Shadovt. 

Projection,  or  Projkctouf.,  in  Building,  the  out- 
jetting  or  prominency  which  the  monldings  and  members 
have,  beyond  the  plane  or  naked  of  the  wall,  column,  6tc, 

Moastroua  PROJECTION.  Sec  An  A MORPiiosift. 

PRUJKGTIVK  Diatlin^i  a manner  of  drawing  the  hour 
lines,  the  furni  ure  Htc  oi  dials,  by  a method  of  projt  ction 
on  any  kind  of  surface  whatever,  without  regard  to  ibe 
ftituatiua  of  th;)se  surfaces,  cither  as  to  dccltnattun,  K*cli- 
nation,  or  inclination.  See  Dialling. 

PUOL.XTIi,  or  OiiLoKO  Spheroid^  is  a sphenud  pro- 
duced by  the  revtilution  of  a M*inielHpsis  about  its  lunger 
diameter ; being  longisi  in  the  direction  ol  that  axis,  and 
resembling  an  egg,  or  a iiroon.  It  is  ku  calle.t  in  oppo- 
sition to  the  oblate  or  siiott  spheroiil,  which  is  funiu'd  by 
the  rotation  of  a semicUipsis  ulNiut  its  shorter  a.xis;  being 
therefore  shortest  in  the  direction  of  its  axis,  or  lUtied  at 
thepoles,  and  so  rt'sembling  an  orange,  or  (H'lhaps  a turnip, 
according  to  the  degree  of  Aaiu*  ; ami  which  is  also  tho 
figure  of  the  I'arlh.  Sec  Spheroid. 

PHOMONIUllV,  in  Geography,  is  a rock  or  high 
point  of  land  project  ng  out  into  the  sea.  The  extr«  nmy 
of  which  towaidft  the  sea  is  Usually  called  a Cu|>e,  or 
Hcfldl.ind. 

PIUJPORTION,  in  Arithmetic,  &c,  the  ei{ualtty  or 
similitude I'f  ratios.  As  the  four  numbers  4,  8,  Id,  ;10 
are  proportionals,  or  in  prop'irtion,  because  the  ratio  of 
4 to  8 is  equal  or  similar  to  the  ratio  of  Id  to  30,  both  of 
them  biung  the  same  as  the  ratio  of  1 to  2. 

Euclid  in  the  dih  definition  of  the  dtb  hook,  gives  a 
general  definition  of  four  proportionals,  or  whui,  of  four 
terms  the  first  has  the  same  ratio  to  the  2d,  as  the  3d 
ITas  tu  the  4ih,  vis.  when  any  equimultiples  whatever  of 
the  first  and  third  bidng  taken,  and  any  cquimuliiples 
whatever  of  the  *<d  and  4th ; if  the  multiple  of  the  first 
be  le^  than  that  of  the  2d,  the  multiple  of  the  3d  is  also 
less  than  that  of  the  4th  ; or  if  the  multiple  of  the  fir^t  be 
equal  to  that  of  the  2d,  the  multiple  of  the  3d  is  also 
equal  to  that  of  the  4th  ; or  if  the  multiple  uf  the  first  be 


greater  than  that  of  the  2d,  the  mulHplo  of  the  3d  is  also 
greater  than  that  ol  the  4th.  And  this  definition  is  gene- 
ral fur  all  kinds  of  magnitudes  or  quuntilies  whatever, 
though  a very  obscure  «mc. 

Alau,  in  the  7lh  book,  Euclid  gives  another  definition 
of  proportionals,  vie,  when  the  first  is  the  same  i*<}uiinul- 
tqde  of  the  2d,  as  the  3d  is  of  the  4lb,  or  the  same  part 
or  parts  of  it.  But  this  definitnm  appertains  on^  to  num- 
bers and  commensurable  quantities. 

Proportion  is  often  coniounded*  with  ratio;  but  they 
an*  quite  diirereni  things.  For,  ratio  is  properly  the  re- 
lation of  two  inugniiudes  or  quuiitilies  of  one  and  the  same 
kind  I as  the  ratio  uf  4 tu  8,  or  of  1 5.  to  30,  or  uf  1 to  2 ; 
and  $u  implits  or  rc*spccts  only  two  terms  or  things.  Hut 
proportion  respects  four  terms  or  things,  or  two  ratios 
which  have  each  two  teriiis.  Though  the  middle  term 
may  be  common  to  both  ratios,  RnU  then  the  prupurtUM 
is  expreHM'd  by  three  terms  ojily,  as  4,  8,  04,  where  4 is 
to  8 as  K to  f)4. 

Proportion  is  also  sometimes  confounded  with  pro- 
gri'skion.  In  fact,  the  two  ufu-n  coinci4e  ; the  diliercnce 
bctwi'en  them  only  consisting  in  this,  that  progression  is 
a particular  spt'civs  of  pioporiion,  being  inde^  u lonti- 
nued  proportion,  or  such  hh  has  all  the  terms  in  the  same 
ratio,  VIZ,  the  1st  to  the  2d,  the  2d  to  the  3d,  the  3d  to 
the  4lh,  &C;  as  the  terms  2.  4,  8,  Ifi,  6cc  ; so  that  pro- 
gre-siuii  is  a series  or  continuation  of  proportions. 

Propurtioii  is  either  continual,  or  discrete  or  inieirupted. 

The  pr<<pi»ruon  is  conlinuHl  when  every  two  adjacent 
terms  have  the  same  ratio,  nr  when  the  consequent  ol  each 
rutin  IS  the  untvcedeot  ol  the  next  following  ratio,  and  so 
all  the  terms  form  a progrewiion  ; h>  2,  4,  8,  l6,  «$kc; 
where  2 is  lo  4 as  4 to  8,  and  as  K to  10,  ike. 

Diserr-te  or  interrupted  pr<>]H>riitiii,  is  when  the  conse- 
qut-m  of  the  first  ratio  is  dillereiit  from  ihi-  antecedent  of 
the  2d,  ikCi  av  2,  4,  and  3,  6. 

Proprutinn  is  also  either  direct  or  inverse. 

Direr/  PuopoRiiuN  is  when  mure  lequireft  more,  or 
less  reqiiiies  h^s.  As  it  will  nquire  inuie  n»eii  to  ;>erturm 
mon*vii>rk.  nr  fewer  men  for  less  w<  vk,  in  ibe  rami  time. 

/vrrrse  or  Proportion,.  i»  when  more  re- 

quires less,  or  less  requires  more.  As  it  will  require  more 
men  to  |)eifurm  the  ramc  woik  iirbss  time,  or  fewer  men 
in  more  time.  ' Ex.  If  6 men  c,in  pi-rlorm  a pk-t'e  rd  work 
in  15  day.s,  imw  many  m«n  ran  do  the  same  m fO  days. 
Then,  retiprtiCally  - as  in  so  is  b : 9 ? *he 

* or  inversely  - as  10  tu  15  »o  is  6 : 9 5 answer. 

Proportion,'  again,  is  distinguished  into  arithmetical, 
geometrical,  and  ImnnrmcHl. 

AithntetiCtti  Propukiion  is  the  equality  of  two  arith- 
metical ratios,  or  diHer.  ners.  As  in  the  numbers  12,  9, 
6 ; where  the  ililfereiiCe  belwt*en  12  and  9»  >‘v  the  same  as 
the  ditTerenri  beiwerii  9 And  (i,  va  3.  And  here  the  sum 
of  (he  extreuu  t<*rms  is  cNpui)  to  the  <uni  of  (ht*  mean«,'or 
to  double  ihe  single  iman  when  ihere  u but  one.  Aft 
12  6 =s  9 9 = 18. 

GeoHtHrica!  PaopuKTlcrN  is  the  equalify  between  two. 
gcomeiiicai  ratios,  or  I’Ctwirn  the  qut>tt'niBnf  the  terms. 
As  III  the  Ihnc  9,  6\  4,  where  9 h*  tu  6 as  6 is  to  4, 
thus  <:■  noted,  9 • 6 • : (v  : 4;  fi*r  | = *,  beinj*  each  equal 
I or  14.  And  in  this  prop«»i  turn,  the  rectangle  or  pnxluct 
of  the  exin  me  terms,  is  ev{Uiil  in  that  of  the  two  mean*, 
or  the  square  of  (he  singU' mi^n  vibiii  there  is  but  vine. 
For  9 X 4 =s  6 X 6 ss:  Jfj. 

UuTmonieal  Proportion,  is  when  tbe  ficatlera  is  to 
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the  third,  as  the  diflerence  between  the  1st  and  2d  it.  to 
the  ditfricnce  bi'twtt.‘U  ihi*  2U  and  3d  ; or,  lu  lour  ternii, 
when  tlie  lat  is  to  the  4th,  as  the  ditfcrence  between  the 
1st  and  2d  IS  lo  the  difference  between  lhe3J  and  4ili ; or 
the  reci(»rocats  of  ho  arithmetical  proportion  are  in  b4ir> 
loonical  prop«>rtmii.  As  6,  4,  3;  because  6 : 3 r : 6 — 4 
s 2 : 4 3 = 1 ; or  becuusi-  7,  -y.  arc  m iirithmc* 

ticaJ  proportion,  making  = Also  Uie 

four  24,  16'.  12,  9 ttre  in  harmomcai  proportion,  because 
24  : 9 : : » : 3. 

Set*  Proportionals. 

Cdm/mim  (/Proportion,  a name  by  which  the  French, 
Rod  some  English  iiuthors,  call  the  Sector. 

Aedr  o/Phoporiion.  in  Ariihmeiic,  a rule  by  which 
a 4ih  term  is  found  in  proportion  to  three  given  terms.  It 
is  popularly  called  the  Golden  Rule,  or  Rule  of  'lliree. 

PROPORTIONAL,  relating  to  proportion.  As,  Pro- 
portional Ctimpasses,  ParU,  Scales,  Spirals,  &ic.  See  the 
sevcrHl  terms. 

Proportional  Compattes,  arc  compasses  with  two 
pmr  of  opposite  leg?», ‘like  a St.  Andrew's  cross,  by  which 
any  space  is  enlarged  or  diminished  in  any  proportion. 

Proportiunal  Part^  is  a part  of  some  number 
that  is  analogous  tn  some  other  pari  or  number;  such 
as  the  proportional  parts  in  the  logarithms,  and  other 
tables. 

Proportional  Scnle*t  called  nho  logarithmic  scales, 
are  the  logarithms,  or  anilicial  numbers,  placed  on  lines, 
for  the  CRS<‘  and  advantage  of  multiplying  and  dividing 
ice,  by  means  ol  compasses,  or  o(  sliding  rulers,  llicse 
are  iu  efr(*ct  so  many  lines  of  mimbers,  as  they  are  called 
by  Gunter,  but  made  single,  double,  triple,  or  quadruple  ; 
beyond  which  they  seldom  go.  See  Gunter’s  Sco^, 
ScALK,  dec. 

Propori  lONAL  S^'ra/.  See  Spiral. 

PROPUR  I lONAl.lTY,  the  quality  of  proportionals. 
This  term  is  used  by  Gregory  St.  VinciTit,  lor  the  propor- 
tion bctwiMn  ihe  exponents  of  lour  ratios. 

PUOPOR'l  lONALS,  arv  the  terms  of  a proportion; 
consisting  of  two  (‘Xiremet,  which  are  the  first  and  last 
terms  ol  the  si't,  and  ihc  means,  which  are  the  other  terms. 
These  proporii><nals  may  bi*  either  arilbmeticals,  geome- 
tricals,  or  huriiXinicaK,  and  in  any  number  above  two, 
and  also  either  continued  or  discontinued. 

Pappus  gives  this  beautiful  and  simple  comparison  of 
the  three  kinds  of  proportionals,  arithmetical,  geoiuein- 
cal,  and  harniqnical,  viz.  u,  t,  c,  U^ingthe  first,  second, 
and  third  terms  in  any  such  proportion,  tbeu 

In  the  arilhtxK'ticals.  n : a ) 

ill  the  geometncals,  « ; 6 > : : a — ; h — c. 

in  the  harmonicals,  o : c ; 

See  Mean  PropoiTiona/. 

Comimied  proportionals  form  what  is  called  a pro- 
gression ; for  the  properties  ol  which  Progrbssion. 

1.  I*ropertie*  Arithmeitcal  Proportionals. 

(For  what  respects  progressions  and  taean  proportionals 
of  all  sorts,  see  Mean,  and  pRuoacEsfoN). 

1.  Four  arithmetical  proportionals,  us  2,  3,  4,  5, 

arc  still  proportionals  taken  inversely,  as  5,  4,  3,  2 ; 
or  alternately,  thos,  - - 2,  4,  3,  3 ; 

or  inversely  and  alternately,  thus  - • 3,  3.  4,  2. 

2.  if  two  arithraeticals  be  added  to  the  like  terms  of 
other  two  arilbmeticals,  of  the  same  difference,  or  arith- 
metical TEtio,  the  sums  will  have  double  the  same  dif- 
ftnmee  or  arithmetical  ratio. 


80,  o 3 and  5,  whose  difference -Is  2* 
add  7 and  U,  whose  diflerence  is  also  2, 
the  sums  10  and  14  have  a rlouble  diff.  viz,  4. 

And  if  to  these  sums  be  added  two  other  numbers  also  in 
the  same  difference,  the  next  sums  will  have  a triple 
ratio  or  diflrrence ; und  so  on.  Also,  whatever  be  the 
ratios  of  the  terras  that  are  added,  whether  the  same  or 
dificrent,  the  sums  of  the  ler>ns  will  have  such  arithme^- 
tical  ratio  as  is  composed  of  the  sums  of  the  others  that 
arc  added. 

So  3 ' , 3,  whose  dif.  is  2 

and.  7 , 10,  whose  dif.  U 3 

and  , 16',  whose  dif.  is  4 

make  22  , 31,  whiise  dif.  is  9* 

On  the  contrary,  if  from  two  anthmclicals  there  be 
subtracted  others,  the  ditlerence  will  have  such  arilh- 
metical  ratio  as  is  equal  to  the  differences  of  those. 

So  from  12  and  l6,  whose  dif.  Is  4 

take  7 and  10,  whose  dif.  is  3 

leaves  3 and  6',  whovc  dif.  Is  I 

Also  from  7 nnd  9,  whose  dif.  is  2 

take  3 and  5,  whose  dif.  is  2 

' leaves  4 and  4,  whose  dif,  is  0 

3.  Hence,  if  arithmetical  proportionals  be  multiplied 
or  divided  by  the  same  numl^r,  ihcir  difference,  or 
arithmetical  ratio,'  is  also  multiplied  or  divided  by  the 
same  number. 

11.  Prapfrtiet  (f  Geometrical  Praportioneh, 

The  properties  relating  to  mean  proportionals  arc  giveiv 
under  tlie'term  M ban  I^-oporiioiuU  : some  arc  also  given 
under  the  article  Proportion  and  some  additional  ones 
are  as  below  : 

].  l‘o  find  a 3d  proportional  to  two  given  numbers,  or 
a 4th  proporlional  to  three:  In  Ihe  former  case,  muliiply 
the  2d  term  by  itself,  and  divide  the  product  by  ihc  1st: 
and  in  the  latter  case,  multiply  the  2d  term  by  the  3d, 
and  divide  ihe  product  by  the  1st. 

So  2 : 6'  : : 6'  : 1 8,  the  3d  prop,  to  2 and  6 : 

and  2 : 6'  : : 3 : 13,  the  4th  prop,  to  2,  6,  and  3. 

2.  If  the  termv  of  any  georoelrical  ratio  b“  augoirntod 
or  diniinisbcti  by  any  cithers  in  the  same  ratio,  or  propor 
tion,  the  sums  or  diWiTences  will  still  be  in  the  same  ratio 
or  proportion. 

So  if  a : b ::  c : d, 

then  ii  a : b : : a ^ c : b i d : : c i d. 

And  if  the  terms  of  a ratio,  or  proporiion,  be  multiplied 
or  divided  by  the  same  mirabef,  the  products  and  quo- 
tients will  still  be  in  the  same  ratio,  or  proportion. 

. • ^ 

Thus,  a : b ::  na  i nb  : : 

3.  If  a set  of  continued  proportionals  be  either  aug* 

mcntid  or  diminished  hy  the  same  part  organs  of  theiq- 
selvi-s,  the  sums  or  differences  will  also  be  proporlioiials. 
Thus  if  fl,  b,  c,  d,  &c  be  propors. 

then  are  a ± b ± &c  also  propers. 

where  the  common  ratio  » 1 ± ^ • 

And  if  any  single  quantity  be  either  augme  nted  or  di- 
minislbcd  by  some  part  of  itself,  and  the  result  be  also 
incremced  or  diminished  by  the  same  part  ol  itvlf,  and 
this  third  quantity  treated  iu  the*  same  manner,  and  so 
on;  then  shall  ail  these  quantities  bo  continued  propor* 
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lionuls.  So,  Ix^nning  wilh  ibe  quantitjr  «,  snd  taking 
atwayi  the  nth  part,  then  shall 

n,  a ± a ± 4-  &c  be  proportionals, 

or  a,  a ± (a  ± (a  ± -j-)’,  die  propori. 

the  common  ratio  being  1 i 

4.  If  one  »et  of  pro|>ortionals  be  multiplied  or  divided 
by  iny  other  set  of  pruportionnlt,  each  term  by  each,  the 
pioducts  or  quotients  will  also  be  proportionals. 


Tlius,  if 

a « 

na 

: b 

nb. 

and 

c 

MC  ; 

: d 

mdi 

then  is 

<tc 

mnac  : 

S bd 

mnbd. 

and 

a 

na 

b 

nb 

e * 

me 

mb 

5.  If  there  be  several  continued  proportionuU,  then 
whatever  ratio  the  Ut  has  to  the  2d,  the  first  to  the  3d 
shall  have  the  duplicate  of  the  ratio,  the  1st  to  the  4th 
the  triplicate  of  it,  and  io  on. 

So  in  «,  na,  n^a,  n^a,  he,  the  ratio  being  n ; 
then  a : n*a,  or  1 to  (he  duplicate  ratio,  ; 
and  a : it^a,  or  1 to  «*,  the  triplicate  ratio,  &c- 

6.  In  three  continued  proportionalu,  the  difference*  be- 
tween the  1st  and  2d  term,  is  a mean  proportional  be- 
tween the  1st  term  and  the  2d  difference  of  all  the  terms. 


Thus,  in  the  three  proper,  a,  na,  n^a  ; 

Terms  lit  difs.  2d  dif. 

n*a  ^na  • . v 

iw  n*a  — 2na  -e  a, 

no— a * 

• a 

then  a : na  — a : ; na  — a : n*a  — 2na  -4-  a. 

Or  in  the  numbers  2,  18  ; 

18  I 

6 8 the  2d  difference  | 

2 * j 

then  2i  4,  8 arc  proportionals. 

7.  When  four  quantities  arc  in  proportion,  they  are 
also  in  proportion  by  inversion,  composition,  division, 
&c  j thus  a,  na,  b,  nb  being  in  proportion,  vie. 


a .4.  n«  : 
a na  : 


b : nb 
nb  i b 
na  nb 
b-*-nb 


nb;  (hen  by 
b ; 


6.  Division 


* ^ a — » 


-nb  : b ; 


ill,  Pro^tia  of  ffarmonicad  ProperOonaU. 

1.  If  three  or  four  numbers  in  harmonical  proportion, 
be  either  mnltiplicd  or  divided  by  any  number,  the  pro- 
ducts or  quotients  will  also  be  harmooical  proportionals. 

Thus,  o,  3,^  being  harmon.  proper.  • 

then  12,  6,  4 arc  dso  harmon.  proper. 

and  T harmon.  proper. 

2.  In  the  three  harmonical  proportionals  a,  b,  e,  when 

any  two  of  iheTke  are  given,  the  3d  can  be  found  from  the 
definition  of  them,  vis,  that  a : c : : a—b  : b—c;  for 
hence  , 

b = — ^ the  barmonical  mean,  and 
a 

nf* 

c =;  : the  3d  harmon.  to  a and 

3a  — 

3.  And  of  the  four  harmonicals,  a,  b,  e,  d,  any  three 
being  ^veu,  the  fourth  can  be  found  from  the  debnition 


of  them,  via,  that « : d : : 8 : c— d;  for  lhonc«  the 

throe  b,  c,  d,  will  be  thus  found,  vk, 

, -Jioi  — Me  9arf  — W , oe 

b =r  — - — : c =S  ; d = . 

(t  ' a * aa  — A 

4.  If  iheie  be  four  numbers  disposed  in  order,  as  2, 
3,  4,  6,  of  which  one  extreme  and  the  two  middle  terms 
are  in  arithmetical  proportion,  and  the  ntlmr  extreme  and 
the  same  middle  terms  are  in  harmonical  proportion; 
then  arc  the  four  terras  in  geometrical  proportion  : thus, 

the  three  2,  3,  4 are  aiiihmciicals,' 

and  the  three  3,  4,  6 are  harraonicais, 

thou  the  four  2,  8,  4,  6 are  gcumctricdls. 

5.  If  between  any  two  numbers,  as  2 and  6,  there  be 
interposetl  an  arithmetical  mean  4,  and  also  a harm<^ 
nicaJ  mean  3,  the  four  will  then  be  gcometricals,  vit, 
2 : 3 : : 4 : (>. 

6.  Betsveen  the  three  kinds  of  proportion,  there  is  this 
remarkable  difference  ; viz,  that  from  any  given  Clumber 
there  can  be  rain'd  a continued  arithmetical  series  in- 
creasing ad  infinitum,  but  not  decreasing  while  the 
harmonical  can  be  decreased  ad  infinitum,  but  not  in- 
creased ; and  the  geometrical  admits  of  i>olb. 

PROPOSITION,  is  either  sonic  truth  advanced,  and' 
shown  to  be  such  by  demonstration ; or  some  operation 
proposed,  and  its  solution  shown.  In  short,  it  is  some- 
thing proposed  cither  to  be  demonstrated,  or  to  be  done 
or  performed.  The  former  is  a theorem,  and  the  latter 
U a problem. 

PUOSTHAPIIERESIS,  in  Astronomy,  the  difference 
between  the  true  anil  mean  motion,  or  between  (he  truo 
and  mean  place,  of  a planet,  or  between  the  true  and 
equated  anomaly ; called  also  equation  of  the  orbit,  or 
equation  of  the  centre,  or  simply  the  equation;  and 
it  is  equal  to  the  angle  formed  at  the  planet,  and  sub- 
tended by  the  excentricily  of  its  orbit.  Thus,  if  9 
be  tbe  sun,  and  r the  place  of  a planet  in  its  orbit 
APB,  whose  centre  is  c.  Then  the 
Mean  anomaly  is  the  ^ ac?, 
true  anomaly  is  the  Z.  asp, 
dif.  of  which  is  the  Z.  cps, 
which  is  the  prostbapberesis;  which 
is  so  called,  because  it  is  someiimos 
to  be  added  to,  and  sometimes  to 
be  subtiactod  from  the  mean  mo- 
tion, to  give  (he  true  one ; as  is 
evident  ftum  tbe  figure. 

PROTRACriNG,  or  Protraction,  in  Surveying,  the 
act  of  plotting  or  laying  down  (be  dimensions  taken  in  tbe 
field,  by  means  of  a Protractor,  &c  : Protracting  makes 
one  part  of  surveying. 

PROTRACTfNO-/’ia,  a fine  pointed  pin,  or  needle, 
fitted  into  a handle,  used  to  prick  off  degrees  and  minutes 
from  the  Irmb  of  the  protractor. 

PROTR.ACTOR,  a mathematical  instrument,  used  in. 
surveying,  for  laying  down  angles  on  paper,  Ac. 

I1ie  simplest,  and  most  natural  protractor  consists  of  a 
semiciicular  limb  aob  (fig.  7,  plate  24)  commonly  ot* 
metal,  divided  into  ISO'^,  and  subtended  by  a diame- 
ter ab;  in  the  middle  of  ubicli  is  a small  notch  c, 
called  the  centre  of  the  protractor.  And  for  the  con- 
venience of  reckoning  both  way?,  the  degrees  are  num- 
bered from  tbe  leli  hand  towards  tbe  right,  and  from  tho 
right  hand  towards  the  left. 

But  this  io>truraent  is  made  much  more  conMBodinus 
by  transferring  tbe  divisions  from  the  circumfcrenc*  lo  iha 
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of  a ruleff  whose  side  tr  is  parallel  to  ad,  wlikh  i« 
(‘fl'tily  dune  by  laying  a ruler  on  the  centre  c,  and  over  the 
several  divisions  on  the  semicircumfercncc  ado,  and 
marking  the  intersections  of  that  ruler  on  the  line  ef  : so 
that  a ruler  with  these  diyisions  marked  on  one  of  its  sides 
as  above,  and  returned  down  the  two  ends,  and  numlLK-re<l 
both  ways  as  in  the  circular  protractor,  the  fourth  or  blank 
Side  representing  thediameter  of  the  circle,  is. both  a more 
useful  form  than  the  circular  protractor,  and  better 
adapted  fur  putting  into  a ease. 

To  make  any  Anf^le  ivuh  the  Lay  the  diaroe* 

ter  of  the  protractor  along  the  gieen  line,  which  is  to  be 
one  side  of  the  angle,  and  its  centra  at  the  given  angular 
point;  then  make  a mark  opposite  the  given  degree  of  the 
angle  found  on  the  limb  of  the  instrument,  and,  removing 
the  protractor,  by  a plane  ruler  laid  over  that  point  and 
tlie  centre,  draw  u line,  which  will  form  the  angle  sought. 
In  the  same  way  is  any  given  angle  measured,  to  find  the 
number  of  degrees  it  contains.— Ibis  protractor  is  alsf> 
very  useful  in  drawing  one  line  perpendicular  to  another, 
which  is  readily  dune  by  laying  the  protractor  across  the 
given  line,  so  that  both  its  centre  and  the  90ih  degree  on 
the  oppmiic  edge  fall  upon  the  line,  also  one  of  the  edges 
passing  over  the  given  point,  by  which  then  let  the  perpen- 
dicular be  drawn. 

The  Improved  Protractor  is  an  instrument  much  like 
the  former,  only  furnished  with  a little  more  apparatus, 
by  which  an  angle  may  be*  set  riff  to  a minute. 

The  chief  addition  is  an  index  attached  to  the  centre, 
about  which  it  is  moveable,  so  as  to  play  freely  and  stea- 
dily oyer  the  limb:  beyond  this  limb  the  index  is  di- 
vided, on  both  edges,  into  60  ec|ual  parts  of  the  portions  of 
circles,  intercepted  by  two  other  right  lines  drawn  from 
the  centn*,  so  that  each  makes  an  angle  of  I**  with  lines 
drawn  to>  the  assumed  points  from  the  centre. 

Ta  set  ofT  an  angle  of  nny  number  of  degrees  and  mi- 
nutes with  this  protractor,  move  the  index,  sn  that  one  of 
the  lines  drawn  on  the  limb,  from  one  of  the  forc-men- 
lioncd  points,  may  fall  upon  the  number  of  degrees  given  ; 
and  prick  o(t  as  many  of  the  equal  parts  on  the  proper 
edge  of  thix  inde.x  as  there  are  minutes  given;  then  drawing 
a line  fmm  the  centre  to  that  point  so  pricked  off,  the  re- 
quired angle  is  thus  formed  with  the  given  line  or  diameter 
uf  the  protractor. 

The  best  protractors  arc  now  made  with  a vernier,  and 
fine  pins,  to  prick  off  angles  to  minutes. 

PROVING  of  Gunpowder.  Sec  Eprouvette,  and 
Gunpowder. 

PSEUDO-Stella,  any  kind  of  meteor  or  phenomenon, 
appearing  in  the  heavens,  and  resembling  a star. 

PTOLEMAIC,  or  Ptolomaic,  something  relating  to 
Ptolemy  ; as  the  Ptolemaic  System,  the  Ptolemaic  Sphere, 
dec.  See  System,  Sphere,  dec. 

PTOLEMY,  or  Ptolomy,  (Claudius),  a celebrated 
geographer,  astronomer,  and  mathematician,  was  horn  at 
Peluiium  in  ^ypt,  about  the  70th  year  of  (he  Christian 
cm  ; ond  died,  it  has  been  said,  in  the  78th  year  of  his  age, 
and  in  the  year  of  Christ  147.  He  taught  astronomy  at 
Alexandria  in  Egypt,  where  he  made  many  astronomical 
observations,  and  composed  his  other  works.  It  is  certain 
however  that  he  flourished  in  the  reigns  of  Marcus  Anto- 
ninus and  Adrian:  for  it  is  noted  in  his  canon,  that  Anto- 
ninus Pius  reigned  2J  years,  which  shows  that  he  himself 
survived  him  ; he  also  tells  us  in  or>c  place,  that  he  made 
a great  raaoy  observations  on  the  fixed  stars  at  Alcxan- 
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drio,  in  the  second  year  of  Antoninus  Plus  ; and  in  ano 
ther,  that  he  oWrvvnl  an  eclipse  of  the  moon,  in  the  9th 
year  of  Adrian ; from  which  it  is  reasonable  to  roncluda 
that  this  astronomer's  observations  on  the  heavens  were 
many  of  them  made  between  the  years  125  and  140. 

Ptolemy*  has  always  been  reckoned  the  prince  of  astrr>> 
noiiiers  among  the  ancients,  and  in  his  works  has  left  us 
an  entire  body  of  that  science.  He  has  preserved  and 
trarrsmitted  to  us  the  observations  and  principal  discoveries 
of  the  ancients,  and  at  the  same  time  augmented  and  en- 
riched them  with  his  own.  He  corrected  HipparchuVs 
catalc^uc  of  the  fixed  stars ; and  farmed  tables,  by  which 
the  motions  of  the  sun,  moon,  and  planets,  might  be  calcu- 
lated and  regulated.  Me  was  indeed  the  first  who  col- 
lected the  scattered  and  detached  observations  of  the  an- 
cients, and  digested  them  ioto  a system  ; whicli  be.  st't 
forth  in  his  E'jvra^if,  sive  Magna  Constructio,  di- 

vided into  13  books.  He  there  adopts  and  c.xhibils  the 
ancient  system  oftbe  world,  which  placed  the  earth  in  the 
centre  of  flie  universe ; and  this  has  been  called  after  him 
the  Ptolemaic  System,  to  distinguish.’ 2|k  from  those  of  Co- 
pernicus and  Tycho  Brahd.  ^ i 

About  the  year  827  this  work  was  translated  by  the 
Arabians  into  their  language,  in  which  it  was  called  Alma- 
gestum,  by  order  of  me  of  their  kings;  and  from  Arabic 
into  Latin,  about  1230,  by  the  encouragement  of  the  em- 
peror Frederic  the  2d.  'rherc  were  also  other  versions 
from  (be  Arabic  into  Latin;  and  a manuscript  of  one, 
done  by'Girerdus  Cremoneosis,  who  flourished  about  the 
middle  of  the  14th  century,  which,  Fabricius  says,  is  still 
extant  in  the  library  of  AH  Souls  College  in  Oxford.  The 
Greek  text  of  this  work  began  to  be  rend  in  Europe  in  the 
15th  century;  and  was  first  published  by  Simon  Gryneus 
at  Basil,  1538,  in  folio,  with  the  eleven  books  of  commen- 
taries by  Thcon,  who  Hourishcil  at  Alexandria  in  the  reign 
of  the  elder  Theodosius.  In  1541  it  was  reprinted  at  Ba- 
sil, with  a Latin  version  by  George  Trapexond  ; and  again 
at  the  same  place  in  1551,  with  the  addition  of  other  worka 
of  Ptolemy,  and  Latin  versions  by  Camerarius  : which  last 
edition,  vrt  learn  from  Kepler,  was  used  by  Tycho. 

Of  this  principal  work  of  (he  ancient  astronomers,  il 
may  not  be  improper  to  give  here  a more  particular  ac- 
count. In  general,  it  may  be  observed,  that  it  is  founded 
on  the  hypothesis  of  the  earth's  being  at  rest  in  the  centra 
of  the  universe,  and  that  the  heavenly  bodies,  the  stars  and 
planets,  all  move  around  it  in  M>)id  orbs,  whose  motiona 
are  all  direclAby  one,  which  Ptolomy  called  the  prinium 
mobile,  or  first  mover,  of  which  he  discourses  at  large. 
The  whole  of  this  great  work  is  divided  into  13  books. 

In  the  first  book,  Ptolemy  shows,  that  the  earth  is  in 
the  centre  of  thosuorbs,  and  of  the  universe  itself,  as  b« 
imdentood  it:  he  represents  the  earth  as  of  a spherical 
figure,  and  but  as  a point  in  comparison  of  the  rest  of  the 
heavenly  bodies  : he  then  treats  of  the  several  circles  of 
the  earth,  and  their  distances  from  the  equator  ; as  also  of 
the  right  and  oblique  ascension  of  the  heavenly  bodii'S  la 
a right  sphere. 

In  the  2d  book,  he  treats  of  the  habitable  parts  of  the 
f*arth  ; of  the  elevation  of  the  pole  in  an  oblique  sphere, 
and  the  various  angles  which  the  several  circles  make  with 
the  horizon,  according  to  the  different  latitude  of  places  ; 
alao  of  the  phenomena  of  the  heavenly  bodies  depending 
OD  th*  same. 

In  the  3d  book,  he  treats  of  the  quantity  of  the  ycaf, 
and  of  the  unequal  motiou  uf  the  sun  through  the  zodiac : 
i L 
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aikl  he  here  nito  ((im  the  method  of  computing  the  mean 
motion  of  the  »ur>,  with  table*  of  the  sumo;  and  aUo 
Ue;tl*  of  the  Intn^uality  of  day*  and  night*. 

In  the  4th  book,  he  treats uf  the  lunar  mutiorvs.and  their 
various  piu  nootena:  and  gives  (aide*  for  finding  the  moon"* 
nu’Mn  motions,  Miih  her  latitude  and  longitude:  he  dis- 
courses largely  concerning  lunar  epicycle*  ; and  by  com- 
paring the  time*  of  a grcui  number  of  eclipses,  mentioned 
by  Hipparchus,  Culippus,  and  others,  he  has  computed 
the  places  of  the  sun  and  moon,  according  to  their  mean 
motions,  from  the  hrst  year  of  Nabonazar,  king  of  Egypt, 
to  hisoiAn  time. 

In  the  6th  book,  he  treat*  of  the  instrument  called  the 
astrolabe,  and  also  of  the  excentricity  of  the  lunar  orbit, 
and  lilt  inequality  of  the  moon's  motion,  according  to  her 
distance  from  the  sun:  bo  abo  gives  tables,  a'nd  a univer- 
sal canon  for  (he  inequality  of  (he  lunar  motions  : he  then 
(real*  of  the  different  aspects  or  phases  of  the*moon,  and 
give*  t computation  of  the  diameter  of  (be  sun  and  moon, 
with  the  magnitude  of  the  lun,  moon  and  earth  compared 
(ogelhcr;  he  states  also  the  diflereiit  measures  of  the  di- 
stance of  the  sun  and  moon,  according  as  (hey  are  deter- 
mined by  ancient  uialhcmaticians  and  philosophers. 

In  the  6th  book,  he  treats  of  the  conjunctions  and  op- 
positions of  the  sun  and  moon,  with  tables  for  computing 
the  mean  time  when  they  happen  ; of  the  boundaries  of 
solar  and  luuar  eclipses  ; uf  the  tables  and  methods  of 
computing  the  eclipses  of  the  sun  and  moon,  with  many 
other  particulars. 

In  the  7th  book,  he  spvaks  of  the  fixed  stars;  and 
shows  the  methods  of  di'scribing  them,  in  their  various 
constellations,  on  the  surface  uf  an  artilicial  sphere  or 
globe  : he  rectifies  thcplaiccs  of  the  stars  to  hb  own  time, 
and  shows  how  diflcrcni  those  places  vv<‘re  then,  from  what 
they  had  been  in  (be  times  of  Timocharb,  Hipparchus, 
Aristilius,  Calippus,  ami  others:  he  tlieii  lays  down  n ca- 
talogue of  the  stars  in  each  of  the  tioribrrn  consUllatioDs, 
with  tlicir  latitude,  longitude,  and  maguitudea. 

In  (he  8th  book,  he  gives  a like  catalogue  of  the  stars  in 
the  constellation*  of  the  southern  hemisphere,  and  in  the 
12  signs  or  constellations  of  the  zodiac.  This  is  the  old- 
est catalogue  vf  the  stars  now  c.xtant,  and  forms  the  roost 
valuable  part  of  Ptolemy's  works.  He  then  (reals  of  the 
galaxy,  or  inilky-way  ; alao  of  (be  planetary  aspects,  with 
the  rising  and  setting  of  the  sun,  rooon,  and  stars. 

In  the  9ih  book,  be  tix'als  of  the  order  of  the  sun,  moon, 
and  planets,  with  the  peiiodical  revolutions  of  the  live 
planets,  Mercury,  Venus,  Mars,  Jupiter,  and  Saturn  ; he 
then  gives  tables  of  (he  mean  motions,  beginning  with  the 
theory  of  Mercury,  and  showing  its  various  phenomena 
with  respect  to  the  earth. 

'Hie  ioth  book  begiu*  with  the  tloi'ory  of  the  planet 
Venus,  a*  to  its  greatest  distance  from  the  sun  ; of  its  epi- 
cycle, excentricity,  and  peiiodical  motions;  and  then 
treats  of  the  same  particulars  in  the  planet  Mars. 

In  the  1 Ith  book  ho  considers  the  snroe  circumstances 
in  the  theory  of  the  planets  Jupiter  and  Saturn.  He  also 
corrects  all  the  planetary  motions  from  obvervatious  made 
from  Ihc  time  of  Nabonazar  to  his  own. 

The  12th  book  treats  of  the  retrogressive  motion  of  the 
several  planets  ; giving  also  tables  of  their  stations,  and  of 
the  gren^test  distances  of  Wnusand  Mercury  from  the  sun. 

The  I3ih  hook  relates  to  the  several  hypotheses  of  tHe 
latitude  of  the  6vc  planets ; of  the  greatest  latitude,  or  in- 
clination of  the  orbits  of  th«  6ve  planets,  which  are  coin- 


puled  and  disposed  in  tables;  of  the  risirvg  and  setting  of 
the  planets,  with  tables  of  them.  Then  follows  a conclu- 
sion or  summing  up  of  the  wheic  work. 

.This  great  work  of  Ptolemy  will  always  be  valuable  on 
account  of  the  observation*  he  gives  of  the  places  of  the 
stars  and  planets  in  former  times,  and  according  la  ancient 
philosophers  and  astronomers  that  were  Uicn  extant ; but 
principally  on  account  of  the  large  and  curious  catalogue 
of  the  stars,  which  being  compared  with  their  places  at 
present,  we  thence  deduce  the  true  quantity  uf  their  slow 
progressive  motion  according  to  the  order  of  the  signs,  or 
of  the  precession  of  the  equinoxes. 

Another  great  and  important  work  of  Ptolemy  was,  his 
Geography,  in  7 books;  in  which,  with  hi*  usual  sagacity, 
be  searches  out  and  marks  the  situation  of  places  accord- 
ii^  to  their  laltludes  and  longitudes;  being  the  hrst  (hat 
did  so.  Though  this  work  must  needs  fall  far  short  of 
perfection,  for  the  want  of  necessary  obsvrvatium,  yet  it  is 
of  considerable  merit,  and  has  been  very  useful  to  modem 
geographers.  Cellarius  indeed  sunpccts,  and  be  was  a very 
competent  judge,  that  Ptolemy  did  not  use  all  the  care  and 
application  which  the  nature  of  his  work  required ; and 
his  reason  is,  that  the  author  delivers  himself  with  tbo 
same  Hueucy  and  appearance  of  certainty,  concerning 
things  and  places  at  the  remotest  distance,  which  it  was 
impossible  he  could  know  any  thing  of.  that  he  docscon- 
iCcrningthose  which  lay  the  nearesUohim,  and  fall  the  most 
under  his  cognizance,  Salmasius  had  before  made  sumo 
remarks  to  the  same  purpose  on  this  work  of  Ptolemy. 
The  Greek  text  of  this  work  was  first  published  by  itself  at 
Basil  in  1633,  >n4to:  afterward  with  a Latin  version  and 
notes  by  Gerard  Mercator  at  .Amsterdam,  l606;  which 
last  edition  was  reprinted  at  the  same  place,  l6l8,  in  folio, 
with  neat  geographical  tabk^,  by  Bertiua. 

Other  works  of  Ptolemy,  tliough  less  considerable  than 
these  two,  arc  still  extant.  A*,  Libri  quaiuur  do  Judiciis 
Astrorum,  on  the  first  two  books  of  which  Cardan  wrote 
a coromenlary.— Fructus  labrurum  suorum ; a kind  of 
supplement  to  the  former  work. — Rccensio  Chrunulugica 
•Regum  : this,  with  another  work  of  Ptolemy,  Dc  Hypoihe* 
sibus  Flanetarum,  was  published  in  l620,  4to,  by  John 
BainbriJge,  the  Savilian  professor  of  astronomy  at  Oxford  : 
andScaligcr,  Peiavius,  iJodwell,  and  the  other  chronolo- 
gical wiiters,  have  made  great  use  of  it.— Apparentiae 
Sitellarum  liierrantium  : this  was  publishtni  at  Paris  by 
Petavius,  with  a Latin  version.  1630,  in  folio;  but  from  i 
mutilated  copy,  the  defects  of  which  have  since  been  sup- 
plied from  a perfect  one,  which  Sir  Henry  Saville  bad 
communicated  to  archbishop  Usher,  by  Fabricius,  in  the 
3d  volume  of  his  Bibliotheca  Greca. — F.lemenloram 
Ilarnmnicorum  libri  tres ; published  m Gre«k  and  Latin, 
with  1 commentary  by  Porphyry  the  phiiosophtr,  by 
Dr.  Wullis  at  O.xfurd,  l682,  in  4to  ; and  alteivKuril*  re- 
printed there,  and  inserted  in  the  3d  volume  of  Wallis's 
works  169P,  in  folio. 

Mabillon  exbibiiz,  in  his  German  Travels,  nn  effigy  of 
Ptolemy  looking  at  the  stars  through  an  opucal  tube; 
which  effigy,  he  says,  he  found  in  a manusciipt  of  the  13th 
century,  made  by  Cooradus  a monk.  Hence  some  have 
fancied,  that  the  use  of  the  telescope  was  known  to  Con- 
radus.  Bill  this  is  only  matter  of  mere  conjecture,  (bera 
being  no  facts  or  testimonies,  nor  even  probabilities,  to 
support  such  an  opinion.  It  is  rather  likely  that  the  tube 
was  nothing  more  than  a plain  open  one,  employed  to 
strengthen  and  diftnd  ihc  eye-sigbi,  when  looking  at  par- 
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ficuUr  tfan,  by  tscluding  advsntiliflui  rayi  frotn  other 
fttun  ami  objecu;  a contrivance  which  no  obterrerof  the 
heavrn*  ran  ever  hetU|if>o«oU  tu  have  been  without.  • 

PULLEYi  one  of  ihc  hve  nurchanical  powera;  consist* 
ing  of  a little  wheel,  being  a circular  piece  of  wood  or 
metal,  turning  on  nit  axis,  and  having  a channel  around 
its  (hI|c  or  circumference,  in  which  a cord  slides  and  so 
raises  up  weights. 

The  Latins  call  it  trochlea;  and  the  senrnen,  when  ht- 
te«t  with  a rope,  a tackle.  An  assemblage  of  several  pul* 
leys  IS  called  a system  of  pulleys,  or  uolyspaston  : some 
of  which  are  in  a block  or  case,  which  is  tixed ; and 
others  in  a block  which  is  moveable,  and  rises  with  the 
weight.  l*hc  wheel  or  rundle  is  called  the  sheave  or 
shiver;  the  iixiv  on  which  it  turns,  the  gudgeon  ; and  the 
fixed  piece  of  wood  or  iron,  into  which  it  is  placed,  is 
called  the  block. 

Doctrine  qf  the  If  the  equal  weights  f 

and  w bang  by  the  cord  aa  upon  the  pulley  a,  wHomi 
block  h is  Axed  to  the  beam  III,  they  will  counterpoise 
each  other.  Just  in  the  same  manner  as  if  the  coid  were 
cut  in  the  middle,  and  iis  two  ends  hung  upon  the  hooks 
fixed  in  the  pulley  at  a and  a,  equally  distant  from  the 
centre. 


Hence,  a single  pulley,  if  the  lines  of  direction  of  the 
power  and  the  weight  be  tangents  to  the  periphery,  neilber 
assists  i>or  impeiles  the  power,  but  only  changes  its  direc* 
tion.  The  use  of  the  pulley  therefore,  is  when  the  vertical 
direction  of  a power  is  to  be  changed  into  an  horizontaf 
one;  or  an  ascendingdirection  into  a descending  one;  dec. 
This  is  found  a good  piovisioii  fur  iho  safety  of  the  work* 
men  employed  in  drawing  with  the  pulley.  And  this 
change  of  direction  by  means  of  a pulley  has  this  further 
advantage  ; that  if  any  power  can  exert  more  force  in  one 
direction  than  another,  we  are  hence  enabled  to  employ 
it  witli  its  greatest  effect ; as  forthc  convenience  of  a horse 
to  drew  in  a borisontal  direction,  or  such  like. 

But  the  great  use  of  the  pulley  is  in  combining  ^eral 
of  them  together;  thus  forming  what  Vitruvius  and  others 
call  pol>  sputa ; the  advantages  of  which  are,  that  the  roa* 
chine  takes  up  but  little  room,  it  easily  removed,  and 
raises  a very  great  weigbtwith  a moderate  power. 

2.  When  a weight  v hangs  at  the  tower  end  of  the 
moveable  block  p of  the  pulley  d,  and  the  cord  cr  goes 
under  the  pulley,  it  it  evident  that  the  part  o of  the  cord 
bears  one  half  of  Ihc  weight  w,  and  the  part  t the  other 


half  of  it ; for  they  bear  the  whole  betirecn  them  ; there- 
fore whatever  holds  the  upper  end  of  either  rope,  sustains 
one  half  of  the  weight ; and  ihns  the  power  P,  which  draws 
the  cord  p by  mennv  of  the  cord  e,  passing  over  the  fixed 
pulley  c.  will«u>lain  the  wviglil  w when  iu  intensity  U 
only  equal  to  the  half  of  w ; i|:at  is,  in  the  case  of  one 
moveable  pulley,  the  power  gained  is  as  2 to  1,  or  u the 
number  of  ropes  c and  f tu  tlie  one  r»pe  e. 

In  like  manner,  in  the  case  of  ino  moveable  pulleys  p 
and  L,  each  of  these  aUo  doubles  the  power,  and  produces 
again  of  4 to  1,  eras  the  niiml>er  of  the  ropes  q.  m,  s,  k, 
sustaining  the  weight  w,  to  the  t rope  o sustaining  the 
power  T ; that  i«,  w is  wx  as  4 to  1 . And  so  on,  for  any 
number  of  moveable  pulleys,  via,  3 such  pullejsprbdocing 
an  increase  of  power  as  6 to  I-,  4 pulleys,  » to  l ; 
Arc ; eacb  pulley  adding  2 to  the  number.  Also  the  etfect 
is  the  same,  when  the  pulleys  are  disposed  as  in  the  fixed 
block  X,  and  the  other  two  as  in  the  moveable  block  t ; 
these  in  the  lower  block  giving  the  same  advantage  to  the 
power,  when  they  rise  all  tc^cther  in  one  block  with  the 
weight. 

Hut  if  the  lower  pulleys  do  not  rise  all  togethek  tn  one 
block  with  the  weight,  but  act  upon  one  another,  having 
the  weight  only  fiutemxl  to  the  lowest  of  them,  the  force 
of  the  power  is  still  more  increased,  each  power  doubling 
the  former  numbers,  tbe  gain  of  power  in  this  case  pro* 
ceedingin  the  geometrical  progression,  1,  2,  4,  8,  l6,  &c, 
according  to  the  powers  nf2;  whereas  in  the  former  case, 
the  gain  was  only  in  arithmetical  progreaaion,  increasing 
by  the  addition  of  3.  Thus,  a power  whose  intensity  is 
equal  to  8lb  applied  at  a will,  by  means  of  the  lower  pul* 
Icy  A,  sustain  l61b  ; and  a power  equal 
to  4lb  at  ^ by  means  of  the  pulley,  will 
sustain  the  power  of  8lb  acting  at  a,  and 
coni^uently  the  weight  of  ifilb  at  w ; 
also  a third  power  equal  to  21b  at  c,  by 
jneanwof  the  pulley  c,  will  sustain  thu 
power  of  4lb  at  b i and  a fourtb  power 
of  lib  at  d,  by  means  of  tbo  pulley  d, 
will  sustain  the  power  2 at  c,  and  conso* 
qoently  tbe  power  4 at  a,  and  the  power 
8 at  A,  and  tbe  weight  ifi  at  w. 

3.  It  b to  be  noU'd  however,  that,  in 
whatever propbrtiontbe  poweris gained, 
in  that  very  same  proportion  u iho 
length  of  tiro^pcreascd  to  produce  tbe 
same  effect,  when  a power  jnQves 
a weight  by  means  of  several  pulleys, 
the  space  passed  over  by  the  powc  is 
to  the  space  passed  over  by  the  weight, 
as  the  weight  is  to  the  power.  Hence, 
the  iipaller  a force  is,  (hat  sustains  a 
weight  oy  means  of  pulleys,  the  slower 
is  the  weight  raised;  so  that  what  b saved  or  gained  in 
force,  it  always  spent  or  lost  in  time : which  b the  general 
property  of  all  the  mechanical  powers. 

*The  usual  methods  of  arranging  pulleys  to  (heir  blocks, 
%iay  be  reduced  to  two.  The  first  consists  in  placing  them 
one  by  the  side  of  another,  on  the  same  pin  ; the  other,  in 
placing  them  directly  under  each  other,  on  separate  pins. 
Each  of  these  methods  however  is  liable  to  inconvenience; 
and  Mr.  Smeaton,  to  avoid  t^e  impediments  to  which  thesa 
combinations  are  subject,  proposes  to  combine  these  two 
methods  in  one.  See  tbe  Philos.  Trans,  vol.  47,  pa.  494. 
Some  instances  of  such  combinatians  of  pulleys  are  exhi* 
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iMtcd  in  the  following  figures ; besides  which,  there  are 
also  other  variolic*  of  form*. 

A very  conniJcrable  in)j»rovemenl  in  the  construction  of 
pulleys  has  been  made  by  Mr.  Janie*  White,  who  has  ob* 
tninoU  a patent  for  hi*  invention,  and  of  which  ho  givc$ 
the  following  description.  The  Iasi  of  the  three  following 
figures  shows  the  machine,  consisting  of  (wo  pulleys  q and 
R,  one  fi.Ned  and  the  other  moveable.  Kach  of  these  has 
six  concentric  grooves,  capable  of  having  a line  put  round 
them,aiul  thus  acting  like  as  many  different  pulleys,  bav« 
ing  diameters  equal  to  those  of  the  groove's.  Supposing 
then  each  of  the  grooves  to  be  a distinct  pulley,  and  that 
all  their  diameters  were  equal,  it  is  evident  that  if  the 
weight  144  were  to  be  raised  by  pulling  at  s till  the  pul- 
leys touch  each  other,  the  first  pulley  must  receive  the 
length  of  line  as  many  times  as  ibeje  arc  parts  of  the  lino 
hanging  between  it  and  the  lower  pulley.  In  the  present 
case,  tliere  arc  12  lines,  </,  /,  &c,  hanging  between  the 


two  pulleys,  formed  by  its  revolution  about  the  six  upper 
and  lower  groove's,  llcncc  as  much  line  must  pass  over 
the  uppermost  pulley  as  is  equal  to  12  times  the  distance 
of  the  two.  But,  from  an  inspection  of  the  figure,  it  is 
evident,  that  the  second  pulley  cannot  receive  the  full 
quantity  of  line  by  as^nich  as  is  equal  to  the  distance  be- 
tween It  and  the  first.  In  like  manner,  the  third  pulley 
receives  less  than  the  first  by  as  much  as  is  the  distance 
between  the  first  and  Ihird  ; and  so  on  to  (he  last,  which 
receives  only  w hole.  For  this  receives  iisshare 

nf  line  n from  a fixed  point  in  the  upper  frame,  which  gives 
it  nothing;  while  all  theoibeni  in  the  same  frame  receive 
(he  line  partly  by  turning  to  meet  it,  and  partly  by  the 
line  coming  (o  meet  them. 

Supp(»*mg  now  these  pulleys  (o  be  equal  in  site,  and  to 
move  Irecly  as  the  line  determines  them;  it  appears  evi- 
dent, from  (be  nature  of  the  system,  that  (he  mimbt'r  or 
their  revolutions,  and  consequently  their  velocities,  must 
be  in  proportion  to  the  number  of  *us[K-nding  parts  that 
are  between  the  fixed  point  above  mentioned,  and  each 
pulley,  respectively.  Thus  the  outermost  pulley  would  go 
J2  limes  round  in  the  time  that  the  pulley  under  which 
the  part  n of  the  Hoc,  if  equal  to  it,  would  revolve  only 


once ; and  the  intermediate  times  and  velocities  would  be 
a scries  of  arithmetical  proportionals,  of  which,  if  the  first 
number  were  1,  (he  last  would  always  be  equal  to  (be 
whole  number  of  terms.  Since  then  the  revolutions  of 
equal  and  distinct  pulleys  are  lucasured  by  their  veloci- 
ties, ami  (hat  it  is  posbible  to  find  any  proportion  of  velo- 
city, on  a single  body  running  on  a centre,  viz,  by  finding 
prt'porlionate  distances  from  that  centre  ; it  follows,  that 
if  the  diameters  of  certain  grooves  in  the  same  substance 
be  exactly  adapted  to  the  above  scries  (the  line  itself  being 
supposed  inelastic,  and  of  no  magnitude)  the  necessity 
of  using  several  pulleys  in  each  Irarau  will  be  obviated, 
and  with  (hat  some  of  the  inconveaiencics  to  which  (he 
use  of  the  pulley  i>  liable. 

In  the  figure  referred  to,  (lie  coils  of  rope  by  which 
the  weight  is  suppoited,  are  represented  by  the  lines  o,  6,  c 
&C  ; a is  the  line  of  traction,  commonly  called  the  fall, 
which  p.i$sc$  over  and  under  the  proper  grooves,  until  it 
is  fastened  to  the  upper  frame  just  above  n.  In  piacticc. 
however,  (he  groovv*  are  not  arithmetical  proportions, 
nor  can  they  be  so  ; for  the  diameter  of  the  rope  em- 
ployed must  in  all  cases  be  deducted  from  each  term  ; 
without  which  the  smaller  grooves,  to  which  jht*  »aid  dia- 
meter bears  a larger  proportion  than  to  the  larger  ones, 
will  tend  to  rive  and  lull  (aster  than  they,  and  thus  intro- 
duce worse  dcfocts  than  those  which  they  were  intended 
to  obviate. 

The  principal  advantage  of  this  kind  of  pullry  is,  that 
it  destroys  lateral  friction,  and  that  kind  of  shaking  mo- 
tion which  is  so  inconvenient  in  the  common  pulley. 
Ami  lest  (says  .Mr.  White)  ihis  circurnslunce  should 
give  (he  idea  of  weakness,  1 would  observe,  that  to  have 
pins  for  the  pulleys  to  run  on,  is  not  the  only  nor  |ier- 
haps  the  best  method  ; but  thnt  1 somvliims  use  centres 
fixed  to  (he  pulleys,  and  revolving  on  a very  short  bear- 
ing in  the  side  of  the  frame,  by  which  strength  is  in- 
creased, and  friction  very  much  diminished  ; fur  to  the 
last  moment  (he  motion  of  the  pulley  is  f>erfecity  circu- 
lar; and  this  very  circumstance  is  the  cause  of  its  not 
wearing  out  in  (he  centre  us  soon  as  it  would,  as^i^t^d 
by  the  ever  increasing  irregularities  of  a gullied  beating. 
Tliesc  pulleys,  when  well  cxccuied,  apply  to  jacks  and 
other  machines  of  that  nature  with  peculiar  advantage, 
both  as  to  the  time  of  going  and  their  own  durability  ; 
and  it  is  possible  to  produce  a system  of  pulleys  of  (his 
kind  of  six  or  eight  parts  only,  and  adapted  to  the 
pockets,  which,  by  means  of  a skuin  of  sewing  silk,  nr  n 
clue  of  common  thread,  will  raise  upwards  of  an  hun- 
dred wiight. 

As  a system  of  pulleys  has  no  gn^nt  weight,  and  lies  in 
a small  compass,  it  is  easily  carried  about,  and  can  be 
applied  for  raising  weights  in  a great  many  cases,  where 
other  engines  cannot  be  used.  But  they  arc  subject  to  a 
great  deal  of  friction,  on  the  following  accounts ; viz,  Ut, 
because  the  diameters  of  their  axe*  licar  a very  consider- 
able proportion  to  their  own  diameters ; Cd,  because  in 
working  they  are  apt  to  rub  against  each  other,  or  against 
the  sides  of  (he  block;  3dly,  becau<x*  of  the  stiffness  of 
(he  rope  that  goes  over  and  under  them.  See  Ferguson's 
Mech.  pa.  37.  4(o. 

But  (he  friction  of.  the  pulley  i*  now  reduced  to  no- 
thing a*  it  were,  by  the  ingenious  Mr.  Garnett’s  patent 
friction  rollers,  which  produce  a great  saving  of  labour 
and  expense,  as  well  an  in  the  wear  of  the  machine,  both 
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when  applied  to  piille)‘s  and  to  the  axles  of  uhcel-car> 
ria^et.  His  f*enenil  principle  is  this:  between  the  axle 
and  nase,  or  centre  jmi  and  bux.  a hollow  space  is  left, 
to  be  tilled  up  by  solid  equal  rollers  nearly  toueliin^each 
ullier*  4he»earc  furnished  with  axles  inserted  into  a cir- 
cular ring  at  each  end,  by  which  their  relative  distancis 
are  preserved ; and  they  are  kept  parallel  by  means  of 
svires  fastened  to  the  rings  between  the  rollers,  and  which 
me  riveiled  to  them. 

The  above  contrivance  is  exhibiuxl  in  the  annexed 
tigure  ; where  abcd  represents  a piece  of  metal  to  be  in- 
serted into  tlio  box  or  nase,  of  which  L is  the  centre- 
pin  or  axle,  and  1, 

1,  1,  Arc,  rollers  of 
metal  having  axes  in- 
serted in  the  braxen 
circit'  winch  passes 
through  their  centres ; 
and  boih  circles  be- 
ing rivctlrd  together 
by  means  of  bolts 
passing  lelween  tho 
rollers  from  one  side 
of  the  nave  to  the 
other : und  thus  they 
arc  always  krpt  sepa- 
rate and  parallel. 

PL’MP,  in  Hydraulics,  a machine  for  raising  witer, 
and  other  fluids.— Pumps  arc  prolubly  of  very  ancient 
use.  V'itruvius  ascribes  the  invention  to  Ctesebes  of 
Athens,  >ome  say  of  Alexandria,  about  120  years  before 
Christ.  They  are  now  of  various  kinds.  As  the  Surk- 
III!*  Pump,  the  Lifting  Pump,  the  Forcing  Pump,  Ship 
Pumps,  Chain  Pumps,  &c.  Uy  means  of  the  lifting 
an«l  forcing  pumps,  water  may  be  raised  to  any  height, 
with  a suflicietit  |K>wcr,  and  an  adequate  apparatus  : but 
by  the  sucking  pump,  the  water  being  *mly  raised  by  the 
general  pressure  of  the  almosphrre  on  the  surface  of  the 
well,  is  limited  in  its  ascent  to  about  33  or  34  bet ; 
though  ill  practice  it  is  seldom  applied  to  the  raising  it 
much  above  28 ; because,  from  the  variations  observed 
in  the  barometer,  it  ap|>cars  that  the  air  may  someiinirs 
Ik*  lighter  than  33  feet  of  water;  and  whenever  that  hap- 
pon>,  for  want  of  the  due  counterpoise,  this  pump  will 
full  ill  its  {verfornmnee. 

TAc  O^rntnott  Smektn^  Prut*. — Thru  coiidsts  of  a pijvc, 
of  wood  or  metal,  open  ni  both  ends,  having  a fixed  valve 
ill  the  lower  past  of  it  <>|K'ning  upwards,  and  a moveable 
valve  or  bucket  by  which  the  water  is  drawn  or  lifted  up. 
Tliis  bucket  ib  just  the  size  of  the  bore  of  the  pump-pipe, 
in  that  part  where  it  works,  and  leathered  round  so  as  to 
tit  it  very  close,  that  no  atr  may  pass  by  the  sides  of  it ; 
the  valve  hole  being  in  the  middle  of  the  bucket.  The 
bucket  is  commonly  worked  in  the  upper  part  of  thu 
barrel  by  a short  roil,  and  another  fixed  valve  pUcetl 
just  below  the  descent  of  the -bucket.  1'hus,  (tig.  I, 
pi.  28),  AH  is  the  pump-pipe,  c the  lower  fixed  valve, 
op'-ning  upwards,  ami  d is  the  bucket,  or  moving  valve, 
aUtf  opening  upwards. 

In  working  the  pump;  draw  up  the  bucket  n,by  means 
uf  the  pump  rod,  having  any  kind  of  a handle  fixed  to 
it:  this  draws  up  the  water  that  is  above  it,  or  if  not. 
the  air ; in  either  case  the  water  pushes  tip  the  valve  c, 
and  enters  to  supply  the  void  left  between  c and  d,  be- 
ing forced  up  by  the  pressure  of  the  atmosphere  on  the 
stufacu  of  the  water  in  thu  well  below.  Next,  the 


bucket  D is  pushed  dow*n,  which  shuts  the  v*alvc  c,  and 
prevents  the  rrturn  of  the  water  downwards,  which  opona 
thi*  valve  n.  hy  which  the  water  ascends  above  it.  And 
thus,  by  rcpi-ating  the  strokes  of  the  pump-rod  handle, 
the  valves  alternately  open  and  shut;  and  the  water  is 
drawn  up  at  ew*ry  stroke,  and  runs  out  at  the  nuslo  or 
spuut  near  ihc  tup. 

Tkf  Lifting;  Fi’mp  diiYcrs  from  the  sucking  pump  only 
in  the  disposition  uf  its  valves  and  the  form  of  its  pistoo 
frame.  'I'liis  kind  of  pump  is  rep(csintc«l  in  fig.  2,  pl«' 
28  ; where  the  lower  valve  d is  moveable,  being  worked 
up  and  down  with  the  pump  rod,  which  lifts  the  water 
up.  and  so  0|>em  the  upper  valve  c,  which  is  fixed,  and 
permits  the  water  to  issue  through  it,  nnd  run  out  at  top. 
Then  as  the  piston  d descends,  the  weight  of  the  water 
above  c shuts  that  valve  c,  and  so  prevents  its  return,  till 
chat  valve  be  opened  again  by  another  lift  of  the  piston 
n.  And  so  on  alternately.  • 

7%e  Forc$ng  Pump  raises  the  water  through  the  sucker, 
or  lower  valve  o (tig.  3,  pi.  2H),  in  the  same  manner  as 
the  sucking  pump ; but  as  the  piston  or  plunger  d has 
no  vaivr  in  it,  llic  water  cannot  gt*t  above  it  when  this 
is  pushed  down  again ; instead  of  which,  a side  pipe 
is  inserted  Wlwcen  c and  n,  having  a fixed  valve  at  e 
opening  upwards,  through  which  ^hc  water  if  forccebout 
of  the  pump  by  pushing  down  the  plunger  d. 

To  the  forcing  pump  is  sororiimc*  adapted  an  air  ves- 
sel, in  which  Uic  air  bring  compressed  by  ibe  water,  by  its 
elasticity  acts  upon  the  water  again,  ami  forces  it  out  to 
a great  distance,  and  in  a continue*!  stream,  instead  of^by 
jets  or  jerks.  Newsham’s  engine,  for  extinguishing 
tires,  consists  of  two  forcing  pumps,  whicb  alternately 
drive  water  into  a close  vessel  of  air,  by  which  means  the 
air  in  it  is  enndensod,  and  compresses  the  water  so 
strongly,  that  it  rushes  out  with  great  impetuosity  and 
force  through  a pipe  that  comes  down  into  it,  making  a 
continued  uniform  stream.— By  means  of  forcing  pumps, 
water  may  be  raised  to  any  height  whatever  above  the 
level  of  a river  or  spring;  and  machines  may  be  con- 
trived to  work  these  pumps,  either  by  a running  stream, 
a fall  of  water,  or  by  horves.  ^ 

Ofrjcrrarioat  Pumpt. — The  force  required  to  work  a 

pump,  is  equal  to  the  weight  of  water  raiM'd  at  each 
stroke,  or  equal  to  the  weight  of  watrr  tilling  the  cavity 
of  the  pipe,  and  iis  height  o(|ual  to^the  length  of  the 
stroke  made  by  the  piston.  Hence  if  d denote  the  dia- 
meter of  the  pipe,  and  i the  length  of  the  stroke,  both 
iu  inches;  then  is  -785-K/*/  the  content  of  the  water 
raised  at  a stroke,  in  inches,  or  '00280^  in  ale  gallons; 

and  the  weight  of  it  is  ^ ounces  or  ^ lb.  But  if 


the  handle  of  the  pump  be  a lever  which  g*ins  in  the 
power  of  p to  1,  the  force  of  the  hand  to  work  the 

pump  will  be  only  '^1**'**  p is  5 for  in- 

stance, it  will  he  -^^^^Ib*  And  all  these  over  and  above 
the  friction  of  the  moving  parts  of  the  pump. 

CuieOes'i  Pump,  acts  both  by  suction  and  by  pression. 
Thus,  a brass  cylinder  abcd  (fig.  3,  pl«  28),  furnished 
with -a  valve  at  L,  is  placed  in  the  water.  In  this  is 
tilled  the  piston  XM,  made  of  green  wood,  which  will 
not  swell  in  the  water,  which  is  adjusted  to  the  aper- 
ture of  the  cylinder  with  a covering  of  leather,  but  with- 
out any  valve.  Another  tube  Xii  is  titled  on  at  ir,  with 
a valve  i opening  upwards.— Now  the  piston  being  raised. 
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tht  wftter  openi  the  vtlve  l,  and  risrs  into  the  cavity  of 
the  cylinder. — NN  lien  the  pi-Um  is  lUpresactl  again,  the 
valve  1 is  ppetted,  und  the  water  is  diiven  up  through  iho 
lube  liN.  This  was  the  pump  used  among  the  aiitienls, 
and  that  from  which  the  others  have  been  deduced.  Sir 
Samuel  Morland  has  endeavoured  to  increaK*  iU  force  by 
lessoning  the  friciion;  which  he  has  done  in  a great  de- 
gree. Inhere  are  various  kinds  of  pumps  used  m ships, 
f^or  throwing  the  water  out  of  the  bold,  and  on  other  oc- 
casions, as  the  chain  pump,  &c. 

A Tablc  by  whicit  the  Quantity  and  Weight  of  Water 
in  a Cylindrical  Bore  of  any  given  Diameter  and  Per- 
pendicular Height^  may  be  tuuitd ; and  consc({uc(itly, 
tht  Degrci*  of  Power  that  will  be  requisite  to  work  any 
Hydraulic  Engine.  By  James  Fcrovsos,  r.  R.a. 
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43-6332312 

9 

84  8230020 

1 44-741in6o  1 

49*0873851 

The  numbers  to  the  right  hand  from  the  points  in  each 
Column  are  dectmuU. 


For  lens  of  feet  high,  remove  the  decimal  points  one 
place  forward;  fur  huudretls  of  feel,  two  places;  for 
thousands  of  feet,  thrtv  places;  and  so  on. 

Then,  multiply  the  sums  by  the  square  of  the  diame- 
ter of  the  given  lx>re  ; and  the  products  wilt  be  tbe  quan- 
tity of  water  in  the  pipe,  in  cubic  inches,  and  in  troy  and 
avoirdupois  ounces. 

Example,— Qu.  The  SuaniiVy  and  Wtight  q/*  Water  in 
an  upright  Pipe  u'Aojir'Bore  U 10  Inckee  i»  DintHtteTf  and 
iit  Height  208  Feet  f— The  Square  of  10  is  100. 

Fcvtlkigh.  Cubic  lorhrv  TroyOunm.  Aminl. Omim. 

200  - 1884*95502  - .994-24080  - X090-8d078 

8 - 75  39«22  - 39  70897  - 43*6*3823 

aOH  I 1^3538+  - 103401577  - ll34  46'40l 

Multiply  by  - ItK)  • 100  • 100 

. Ans.  196035  384  - 103401-577  ^ Il3446-40l 

Which  number  of  cubic  inches  being  divided  by  231 
(the  number  of  cubic  inches  in  a wine  gallon)  gives 
848^  for  the  number  of  gallons  of  water  in  ihc  pipe; 
and  the  respective  weights,  103401*577  and  113446*401, 
being  divided  by  12  and  by  16,  give  8616^7  for  the  num- 
ber of  troy  pounds,  and  70.90/,  for  the  number  of  avoiiv 
dupois  pounds  of  water.  The  power  of  an  cjigine  equal 
to  (he  weight  will  just  balance  the  water;  but  the  engine 
must  have  as  much  mure  power  as  will  be  sufficient  to 
overcome  the  fiiction  of  iu  working  parts.— In  pumps,  it 
matters  not  whal  the  diameter  of  any  part  of  the  bore 
be.  besido  that  part  in  which  the  piston  or  bucket  works; 
for,  (he  power  requisite  to  work  them  will  be  the  same  as 
if  the  whole  bure  was  of  that  diameter  throughout. 

./fir.PvMP,  in  Pneumatics,  is  a machine*  by  means  of 
which  (be  air  is  emptied  out  of  vi*s6els,  and  a kind  of 
vacuum  produced  in  tbem.  For  the  particulars  of 
which,  see  Aia-iV«>p. 


PUNCHEON,  a measure  for  liquids,  containing  \ of 
a tun,  or  a hogshead  and  or  84  gallons. 

PUNCIilNS,  or  PuKCHioirs,  in  Building,  short  pieces 
of  timber  placed  to  support  some  considerable  wei^it 

PUNCTATED  Hyperbola^  in  the  higher  geometry,  an 
hyperbola,  whose  conjugate  oval  is  inhnitcly  small,  that 
is,  a point. 

PUNCTUM  ex  Co»«prtro/ioae,  is  either  focus,  in  the  eU 
lipve  or  hy)MTbo)a  ; so  called  by  Apollonius,  because  the 
rectangle  under  two  abscisses  made  at  the  focus,  is  equal 
to  one-fourth  part  of  what  he  calls  the  figure,  which  is  the 
square  of  the  conjugate  axis,  or  the  rectangle  under  (be 
Iranssersc  and  the  parameter. 

PuHCTUM  Duplex^  double  point,  in  the  higher  geome- 
try, • point  where  two  branches  of  a curve  miersect.  bee 
CvaVE,  l.tMNISCATE,  &CC. 

PURBACil  (Oeoroe)^  a very  eminent  mathcmaticiaa 
and  astronomer,  was  born  at  Purhach,  a town  upon  the 
confiiu's  of  Bavaria  and  Austria,  in  1423,  and  educated 
at  V'ieimt.  He  afterwards  visited  the  most  ^U  brated 
universities  in  Germany,  France,  and  Italy  ; ami  found 
u particular  friend  and  patron  in  Cardinal  Cusa  at  Rome. 
Returning  to  Vienna,  he  was  appumli'd  mathematical 
professor,  in  which  office  he  coniinmnl  tilt  his  death, 
which  happened  in  146l,  in  tbe  3,9th  year  of  his  aga 
only,  to  the  great  loss  of  the  learned  world. 

Purhach  composed  a great  number  of  pieces,  on  ma- 
thematical and  astronomical  subjects;  and  his  fame 
brought  many  students  to  Vienna,  and  among  them,  ilie 
celebrated  Regiomontanus,  between  whom  and  Purbach 
there  subsisted  the  strictest  friendship  and  union  of 
studies  till  the  death  of  the  latter.  These  two  cele- 
brated mathematicians  laboured  together  to  improve 
every  branch  of  learning,  by  all  the  rnt'ans  in  their 
p>wer,  though  astronomy  seems  to  have  been  (he  favou- 
rite of  both and  bad  not  the  immature  death  of  Pur- 
bach prevented  his  furthar  pursuits  there  is  no  doubt 
but  that,  by  (heir  joint  industry,  astronomy  would  have 
been  cuUivntetl  to  a very  gnat  degree.  ‘Ihal  this  is  not 
merely  surmise,  may  be  learnt  from  those  improvemenU 
which  Purbach  actually  did  make,  to  render  the  study 
of  it  more  easy  and  practicable.  Hit  first  essay  was,  to 
amend  the  Latin  translation  of  Ptolemy’s  Almagest,  which 
had  been  made  from  the  Arabic  version;  which  he  did, 
not  by  the  help  of  the  Greek  text,  for  be  was  unacquaint- 
ed with  that  language,  hut  by  drawing  the  most  probable 
conjectuiea  from  a strict  attention  to  the  sense  of  iba 
author. 

He  then  proceeded  to  other  works,  and  among  them, 
he  wrote  a truct,  which  ho  entitled,  An  Introduction  to 
Arithmetic;  then  a treatise  on  Gnomonics,  or  Dialling, 
with  tables  suited  to  the  ditierence  of  climates  or  latitudes; 
also  a small  tract  concerning  the  Altitudes  of  tbe  Sun, 
with  a tabic;  also,  .\strulabic  Canons,  with  a table  of  the 
parallels,  proporlioncd  to  every  degree  of  the  equi- 
noctial. 

After  this,  he  constructed  Solid  Spheres,  or  Celestial 
Globes,  and  composed  a new  table  of  fixed  starv,  adding 
the  longitude  by  which  every  star,  since  the  time  of 
Ptolemy,  had  increased.  He  also  invented  various  other 
instrument!,  among  which  wait  the  Gnomon,  or  Geome- 
trical Square,  with  canons  and  a table  for  the  use  of  it. 

He  not  only  collected  the  various  tables  of  tbe  Primum 
Mobile,  but  added  new  ones.  He  made  very  great  Im- 
provements in  Trigonometry,  and  by  introducing  the  table 
of  Sines,  by  a decimal  division  of  tbe  radius,  be  quite 
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«han(^<l  ihc  appraranee  of  Ibal  science:  ho  »up|>o«c<l  the 
radiU!i  tu  be  divided  into  6tK),000  cqoul  parta,  aixi  mm* 
puicd  ihe»inc$  of  the  arcs,  fur  every  ten  minutea,  io  such 
I’tfual  patt«  of  (he  rndio*,  by>tba  decimal  notation,  ioatead 
ot  ibe  duodecimal  ode  delivered  by  (be  Greeks,  and  pre* 
served  even  by  the  Arabiana  till  our  nutimr's  lime;  a pro- 
ject which  wus  curoplctcd  by  bis  friend  Uegiomontanus, 
who  conipulid  (he  sines  (o  every  minute  ot  (be  quadrant, 
in  l,OOi>,OOOth  purls  of  the  radius. 

Having  prepared  the  tables  of  the  fixinl  stars,  be  next 
undertook  to  reform  those  of  the  piuneis,  uml  constructed 
some  entiK'iy  new  ones.  Having  tinisbed  bis  tables,  he. 
wrote  a kind  of  Perpetual  Almanac,  but  chiefly  fur  the 
moon,  answering  to  the  perunis  of  Mctoii  and  Calippus; 
also  an  Alnmnac  for  the  Planets,  or,  as  Regiomontanus 
aftervvarda  called  it,  an  KpKcmcris,  fur  many  years.  Rut 
observing  that  there  were  some  planets  in  the  heavens  at 
a grt'at  dislanre  from  the  places  w here  they  wore  described 
tu  be  in  the  tables,  parlicuiurly  the  sun  an«^  moon  (the 
eclipses  ul  which  were  obscived  frequently  to  happen  very 
different  from  the  times  predicted),  he  applied  birosclf  to 
construct  rn-w  tubU*?,  particularly  adapted  to  eclipses; 
which  were  lung  aftei  famous  fur  their  exactness.  To  the 
same  lime  may  b«>  referred  his  tinishing  that  ci-lobruted 
work,  entitled,  A New  Theory  of  the  Planets,  which  Re- 
giomontanus alierwards  published  the  Hrslof  all  the  works 
executed  at  his  new  printing-house. 

PU'RK  liypfrbotaf  is  an  Hyperbola  without  any  oval, 
node,  cusp,  or  conjugate  point ; which  happens  through 
the  iropossihility  of  two  of  its  routs. 

Ponr.  Mathtmaiictf  iVoposmoa,  duadraricv,  Ac.  See 
the  several  articles. 

PURLINES,  in  Arcbiu*cture,  tliosc  pieces  of  timber 
that  lie  acn>ss  the  rafters  on  the  inside,  to  keep  them  from 
sinking  in  the  middle  of  tbeir  li-ngth. 

PYRAMID,  a solid  having  any  plane  figure  for  its  base, 
and  its  sides  triangb-s  whose  vertices  nil  meet  in  a prdnt  at 
the  top,  called  the  vertex  ol  (be  pyramid  ; the  base  of 
each  triangle  being  the  sides  ot  the  plane  base  of  the  pyra-' 
roid.-o-Tbe  number  of  triangles  is  equal  to  the  number  of 
the  sides'of  the  base  ; and  a cone  is  a round  pyramid,  or 
one  having  an  inflnite  number  of  sides.— 'Hig  pyramid  is 
also  ih  nominaied  according  to  the  figure  of  its  base,  being 
triangular  when  (he  base  is  a triangle,  quadrangular  when 
a quadrangle,  Ac. 

I'he  axu  of  the  pyramid,  is  (be  line  drawn  from  the 
vertex  (u  the  centre  of  the  base ; and  w hen  this  axis  is  per- 
pendicular to  (he  base,  the  pyramid  is  said  to  be  a ri  ght 
one  ; otherwi.se  it  is  oblique. 

I*  A pyramid  may  be  conceived  to  be  generated  by  a 
line  mov^  almut  the  vertex,  and  so  carried  round  the  pe- 
rimeter of  the  base. 

2.  All  pyramids  having  equal  bases  and  altitudes,  are 
equal  to  one  another:  whatever  may  be  the  figures  of 
tbeir  bates. 

3.  Every  pyramid  is  equal  to  onr-tliird  of  the  circum- 
scnbetbpnsm,  or  a prism  of  the  same  base  and  altitude  ; 
and  therefore  the  solid  content  of  the  pyramid  is  found 
by  multiplying  the  base  by  the  perpendicular  altitude,  and 
t^ing  of  the  product. 

4.  The  upright  surface  of  a pyramid,  is  found  by  adding 
together  (be  areas  of  all  the  triangles  which  form  that 
suiface. 

5.  if  a pyramid  be  cut  by  ^lano  parallel  to  the  base, 


the  section  will  be  a plane  figure  similar  (o  the  base;  and 
these  two  figures  will  be  in  proportion  to  each  other  a»  the 
squall’s  ol  tbeir  distances  fiom  the  vertex  of  the  pytaimd. 

6.  'The  centre  of  gravity  of  a pyramid  is  distant  from 
the  vcrle.x  J of  the  axis.  * 

hrustum  of  n Pyka.viid,  is  the  pan  left  at  the  bottom 
when  the  tup  is  cut  ufi  by  a plauc  parallel  to  the  base. 

The  soliii  content  of  the  ftustum  of  a pyramid  is  found, 
by  first  adding  into  one  sum  the  areas  «l  tiie  two  ends  and 
tbemi’aii  proportional  between  them,  the  3d  part  of  which 
sum  is  a medium  section,  or  it  is  ihu  ba«c  of  an  equal 
prism  of  the  same  altitude;  and  theiefure  this  medium 
area  or  section  multiplied  by  the  altitude  gives  the  solid 
content.  So,  if  a denote  the  urea  of  one  end,  n the  area 
of  the  other  end,  and  h (he  height;  (ben  y (a  a 

y^Ao)  is  the  medium  area  or  section:  and  | (a  a 

•f  Au)  X A is  the  solid  cuitienl.  • 

pYRASiins  qf  are  very  numerous  ; but  the  most 

remarkable  are  the  three  pyramids  of  Memphis,  or,  as 
they  are  now  called,  of  Ghei»a  or  Gixe.  These  are  square 
pyramids,. and  the  greatest  of  (hem  meavurrs  700  feel  on 
each  side  of  (be  bohc,  and  the  ob)il)ue  height  or  slant  side 
measures  the  same ; and  its  base  covers,  or  stands  upon, 
nearly  11  acres  ot  ground.  It  is  thought  by  some  that 
these  pyramids  were  designe-d  and  used  sx&  gnomons,  fur 
astrunomical  purpo^s;  and  it  is  remaikable  that  their 
four  sides  arc  accurately  in  the  direction  of  the  four  car- 
dinal points  of  the  compiiss  cast,  west,  north,  and  south. 

PYRAMIDAL  Nttmben,  are  the  sums  of  polygonal 
numbers,  collected  after  the  same  manner  as  the  poly- 
gonal numbers  tlicmselvrs  are  found  from  arithmetical 
progressions.  These  arc  particularly  called  First  pyrami- 
duU.  Tl»e  sums  offirst  pyramiJaU  are  ciillrd  second  py* 
rntnidals;  and  the  sums  of  the  2d  are  3d  pyrainidals;  and 
so  on.  Particularly,  those  arising  from  triangular  num- 
bers, are  called  Prime  Triangular  Pyramiduls;  those 
arising  from  pimtagonai  nurobi’fs,  arc  called  Piiroc  Pen- 
tagonal P)ramidals;  and  so  on. 

The  num^rs  1,  4,  10,  20,  35,  Ac, 

fomied  b,.ddingthetri.)  g , , ^ 

angulars  ) * * 

are  usually  ca^ed  simply  by  the  name  of  pyramidals;  and 

the  general  formula  for  finding  them  is  n x k 

so  tho  4lh  pyramidal  is  found  by  sub«tituting  4 for  n ; the 
5th  by  sufasiituting  5 for  a;  &c.  bee  Fig u rate  A'amAera, 
and  PoLTCOMAL  fitmben. 

PVRAMIUOID,  is  sometimes  used  for  the  parabolic 
spindle,  or  the  solid  formed  by  the  rotation  of  a scmi|m- 
rabula  about  its  baae  or  greatest  ordinate.  Sea  Para- 
bolic Spindk, 

PYROMETER,  or  fire-measurer,  a machine  for  mca-  * 
suriug  the  expansion  of  solid  bodies  by  heat.  Musschen- 
brock  was  the  first  inventor  of  this  instrument ; though  it 
has  since  received  several  improvements  by  other  philo- 
sophers. He  bits  given  a table  of  the  expansions  of  the 
ditU-rcnt  metals,  with  various  degrees  of  heat.  Having 
papared  cylindric  rods  of  iron,  steel,  copper,  brass,  tin, 
and  lead,  he  e.xfMJScd  them  first  to  a pyrometer  with  one 
flame  in  (he  middle;  (hen  with  two  Aamos;  then  succes- 
sively with  three,  four,  and  five  flames.  The  eflcctswera 
as  in  the  following  Table,  where  the  degrees  of  expan- 
sion are  marked  ia  parts  equal  to  the  12500tb  part  of  an 
inch. 
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Expkauofi  of 

Iran 

Si«l 

Co[.pJ 

Bra?* 

■Tin 

Lnd 

By  1 flame 
By  2 flames  1 

80 

85 

89 

110 

153 

155 

placed  close  > 
together  j 

117 

123 

115 

220 

274 

By  2 flames  at*l 

2iincbesdis-> 

109 

9+ 

92 

141 

219 

2fi3 

tant  3 

By  3 flames  7 
close  to^berj* 
By  4 names  1 
close  together^ 

142 

168 

193 

275 

211 

270 

270 

; 361 

By  5 flames 

230 

310 

1 310 

377 

0 

Tin  easily  melts  when  boated  by  tieo  flames  placed  close 
tofetber;  and  load  with  three  tlaines  close  together,  when 
they  burn  long. 

It  hence  appears  that  the  expansion  of  any  metal  is  in  n 
less  degree  than  the  number  of  dames : so  two  dames  give 
less  than  a double  expansion,  three  flames  less  than  a triple 
expansion,  and  so  on,  always  more  and  more  below  the 
ratio  of  the  number  of  flames.  And  the  flames  placed  to- 
gether cause  a greater  expansion,  than  with  an  interval  be- 
tween them. 

For  the  construction  of  Musschenbrock's  pyrometer, 
with  alterations  and  jmprovements  upon  it  by  Drsagulicrs, 
see  Desag.  Exper.  Philos,  rol.  1,  pa.  421 ; sec  also  Muss- 
chenbroek's  translation  of  the  Experiments  of  the  .4cademy 
del  Cimenlo,  printed  at  Leyden  in  1731 ; and  for  a pyro- 
meter of  a new  construction,  by  which  the  expansions  of 
metals  in  boiling  fluids  may  be  examined  and  compared 
with  Fahrenheit's  thermometer,  see  Musicb.  Introd.  Philos. 
Nat.  4to,  17^2,  vol.  2,  pa.  6*10.  • 

But  as  it  has  been  obwrved,  that  Musschenbrock's  py- 
rometer was  liable  to  some  objections,  these  have  been  re- 
moved in  a great  measure  by  Ellicott,  who  has  given  a 
description  of  his  iraprosed  pyrometer  in  the  Philos.  Tmns. 
numb.  4V.3.  lliis  instrument  measures  the  expansions  to 
the  7200th  parrof  an  inch;  and  by  means  of  it,  Mr.  Elli- 
cott found,  on  a medium,  that  the  expansions  of  bars  of 
different  metals,  as  nearly  of  the  same  dimensions  as  pos- 
sible, by  the  same  degree  of  heat,  were  as  below : 

GoU  Silvri  BrtM  Cofiper  Iron  Stre)  Lead 

73  103  95  89  60  56  149 

The  great  difference  between  the  expansions  of  iron  and 
brass,  has  been  applied  with  good  success  to  remove  the 
irregularities  in  pimdulums  arising  from  heat.  Philos. 
Trans,  vol.  47,  pa.  485. 

Mr.  Graham  used  to  measure  the  minute  expansions  of 
metal  bars,  by  advancing  the  point  of  a micrometer  Screw, 
till  it  sensibly  stopped  against  the  end  of  the  bar  to  be 
measured.  This  screw,  being  small  and  very  lightly  hung, 
was  capable  of  agreement  within  the  3000  or  4000th  part 
of  an  inch.  And  nn  this  general  principle  Mr.  Smeaton 
contrived  his  pyrometer,  in  which  the  measures  are  de- 
termined by  the  contact  of  a piece  of  metal  with  the  point 
of  a micrometer-screw.  This  instrument  makes  the  ex- 
pansions sensible  to  the  23 15th  part  of  an  inch.  And  when 
it  is  used,  both  the  instrument  and  the  bar  to  be  measured 
ate  immerged  in  a cistern  of  water,  heated  to  any  degree, 
up  to  boiling,  by  mcarut  of  lamps  placed  under  the  cistern; 
and  the  water  communicates  the  same  degree  of  beat  to 


the  instrument  and  bar,  and  to  a mercurial  thermometer 
immerged  in  it,  for  ascertainin';  that  degree. 

With  this  pyrometer  .^lr. Smeaton  made  several  experi- 
nicnis,  which  arc  arranged  in  a table ; and  he  remarks, 
that  their  result  agrees  very  well  with  the  prtiportions  of 
expansions  of  M!vera)  metals  given  by  Mr.hilicott.  The 
following  table  shows  how  much  a foot  in  length  of  each 
metal  expands  by  an  increase  of  heal  corres^mnding  to 
180^  of  Fahrenheit’s  iherniometcr,  or  to  the  difference 
between  the  lemperaturc-s  of  frcexiiig  and  boiling  water, 
expressed  in  the  10000th  part  of  an  inch. 

, J.  White  glass  barometer  tube  . - lOO 

2.  .Martial  reguJus  of  antimony  , . - 130 

3.  Blistered  stetd  - - . j3S 

4.  Hard  steel  - - . . j47 

5.  Iron  - - . . - 151 

6.  Bismuth  - - . . |C,7 

7.  Copper,  hammered  - - . 204 

8.  Copper  8 parts,  mixed  with  I part  tin  - 21H 

9*  Cast  brass  - > . « 225 

10.  Brass  l6  parts,  with  1 of  tin  . . 229 

1 1.  Brass  wire  • • . 232 

18.  Speculum  metal  - . 232 

13.  Speller  solder,  viz  2 parts  brass  and  1 zinc  247 

14.  Fmc  pewter  - - - . 2/4 

15.  Grain  tin  - > . . 293 

16*.  Soft  solder,  viz  lead  2 and  tin  1 . 301 

17-  2inc  8 parts  with  tin  1,  a little  hammered  - 323 

18.  Lead  - - - . . 

19.  Zinc  or  spelter  - - . 333 

20.  Zinc  hammered  half  an  inch  per  foot  • 373 

For  a further  account  of  this  instrument,  with  its  use, 

sec  Fhilos.  Trans,  vol.  48,  pa.  598. 

Mr.  Ferguson  has  constructed,  and  described  a pyro- 
meter (l.ect.  on  Mechanics,  Suppl.  pa.  7,  4to),  which 
makes  the  expansion  of  metals  by  heat  visible  to  tbe 
45000th  part  of  an  inch.  And  another  plan  of  a pyro- 
meter has  lately  been  invented  by  M.  Dcluc,  in  conse- 
quence of  a bint  suggi'stcd  to  him  by  Mr.  Hamsden  : fur 
an  account  of  which,  with  the  principle  of  its  construc- 
tion and  use,  both  in  the  comparative  measure  of  the  ex- 
pansions of  bodies  by  heat,  and  the  measure  of  their 
absolute  expansion,  as  well  as  the  experiments  made  with 
it,  sec  M.  Deluc’s  elaborate  essay  on  pyrometry  Ac,  in 
the  Philos.  Trans,  vol.  68,  pa.  419  Ac. 

Other  accurate' and  ingenious  contrivances,  for  the 
measuring  of  exponsions  by  beat,  have  been  made  by  Mr. 
Ramsden ; which  be  has  successfully  applied  in  the  case 
of  the  measuring  rods  and  chains  lately  employed,  by 
Genera)  Roy  and  Col.  Williams,  in  measuring  tlic  base 
on  Hounslow  Heath,  Ac;  which  determine  the  expan- 
sions, to  great  minuteness,  for  each  degree  of  the  thermo- 
meter. See  Philos. Trans.  1785,  Ac. 

PYROPHOllUS,  the  name  usually  given  to  that  sub- 
stance by  somecallcfl  black  phosphorus;  being  a chemi- 
cnl  preparation  possessing  the  singular  prnpt-rty  of  kin- 
dling spontaneously  when  exposed  to  the  air ; w hich  was 
accidentally  discovered  by  Homberg,  who  prepared  it 
of  alum  and  human  faeces.  Though  it  has  since  been 
found,  by  the  son  of  M.  Lemeri,  that  the  faeces  arc  not 
necessary  to  it,  l^ut  that  honey,  sugar,  flour,  and  any 
animal  or  vegetable  matter,  may  be  used  instead  of  tlic 
fxecs;  and  M.  DuSuvigny  has  sbova  that  roost  vitriolic 
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ults  may  be  substituted  for  the  alum.  See  Priestley’s 
Obser.on  Air,  vol.3,  App<  nd.  pa.  OSb^anJ  vol.4,  Appeud. 
pa.  479. 

PVUOTKCHNY*  the  art  of  fire,  or  the  science  which 
teaches  the  application  and  management  of  tire  in  several 
operations.  Pyrotechny  is  of  two  kinds,  military  and 
chemical. 

Military  Pyrotechny,  is  the  science  of  artificial  fire- 
works, and  fiie*arros,  Unichiog  the  structure  and  use  both 
of  those  employed  in  war,  as  gunpowder,  cannon,  shells, 
caroAsses,  mines,  fusecs,&c  ; and  of  those  made  for  amuse- 
ment,  as  rockets,  slam,  serpents,  &c.— Some  call  pyro- 
techny by  the  name  artillery  ; though  that  word  is  usually 
confined  to  the  instruments  employed  in  war.  Others 
choose  to  call  it  pyrobology,  or  nitber  pyroballogy,  or 
the  art  of  missile  fires. — Wolfius  has  reduced  pyrotechny 
into  a kind  of  mixi*d  mathematical  art.  Indeed  it  will 
iMit  allow  uf  geometrical  demonstrations;  but  he  brings 
it  to  tolerable  rules  and  reasons;  whereas  it  had  formerly 
been  treated  by  authors  at  random,  and  without  regard 
to  any  reasons  at  all.  See  the  several  articles  Carnok, 
Gt/NPowDBR,  Hockey,  Shell,  &c. 

Chemical  Pvbuteciiny,  is  the  art  of  managing  an4 
applyit^  fire  in  distillations,  calcinations,  and  other  ope- 
rations of  cbcmiitr}’.  Some  reckon  a third  kind  of  pyro- 
techny, viz,  the  art  of  fusing,  refining,  and  preparing 
metals. 

PYTHAGORAS,  one  of  the  most  celebrated  philoao- 
phers  of  antiquity,  was  born  about  the  47th  Olympiad, 
or  590  years  before  Christ.  His  father’s  principal  resi- 
dence was  at  Samos,  but  being  a travelling  merchant,  his 
son  Pythagoras  was  born  at  Sidon  in  Syria;  but  soon  re- 
turning iiomc  again,  our  philosopher  was  brought  up  at 
Samos,  where  he  was  educated  in  a manner  that  was 
* answerable  to  the  great  hopes  that  were  conceived  of  him. 
He  was  allied  *'  the  youth  with  a fine  bead  of  hair and 
from  the  great  qualities  that  soon  appeared  in  him,  he 
was  regarded  as  a good  genius  sent  into  the  world  for  the 
benefit  of  mankind.  ^ 

Samos  however  afifurded  no  philosophers  capable  oP 
satisfying  his  thirst  for  knowledge ; and  therefore,  at  J8 
years  of  age,  he  resolved  to  travel  in  quest  of  them  else- 
where. The  fame  of  Pherecydes  drew  him  first  to  the 
island  of  Syros  : from  hence  he  went  to  Miletus,  where  he 
conversed  with  Thales.  He  then  travelled  to  Phoenicia, 
and  stayed  some  time  at  Sidon,  the  place  of  his  birth ; and 
from  hence  be  passiMl  into  Egypt,  where  Tliales  and 
Solon  had  been  before  him. 

Having  spent  S3  years  in  Egypt,  to  acquire  all  the 
learning  and  knowledge  bo  could  procure  in  that  country, 
be  travelled  witb  the  same  view  through  Chaldea,  and 
visited  Babylon  and  India.  Returning  afu^r  some  time, 
he  went  to  Crete;  and  from  hence  to  Sparta,  to  be  in- 
structed in  ibc  laws  of  Minos  and  Lycurgus.  He  then 
murned  again  to  Samos ; but  finding  it  under  the  tyranny 
of  Polycrates,  bo  quitted  it  again,  and  visited  the  several 
countries  of  Grcrco : passing  through  PoloponrHrsus,  he 
stopped  at  Phlius,  where  Leo  then  reigned,  who  was  much 
surprised  with  bis  eloquence  and  wisdom. 

Prom  Peloponnesus  he  went  into  Italy,  and  passed  some 
time  at  Heraclca,  and  at  Tarentum,  but  made  his  chief 
residence  at  Croton  ; where,  after  reforming  the  manners 
of  the  citizens  by  preaching,  and  establishing  the  city  by 
*WTM  and  prudent  counsels,  be  opened  a school  to  display 
the  treasures  of  wisdom  and  learning  he  posscssctl.  It  is 
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not  to  be  wondered,  that  he  was  soon  attended  by  a crow  d 
of  disciples,  who  repaired  to  him  from  difierem  parts  of 
Greece  and  Italy. 

He  gave  his  scholars  the  rules  of  the  £g)-ptian  priests, 
and  made  them  pass  through  the  'austerities  which  he 
himself  had  endured.  He  at  first  enjoined  them  a five 
years  silence  in  fhc  school,  during  which  they  were  only 
to  hear;  after  which,  h*ave  was  given  them  to  start 
questions,  and  to;pruposu  doubts,  under  the  caution  how- 
ever, to  say,  **  not  a little  in  many  words,  but  much  in  a 
few.”  Having  gone  through  their  probation,  they  were 
obliged,  before  they  were  admitted,  to  bring  all  their  for- 
tune into  the  common  stock,  which  was  managed  by  per- 
sons chosen  on  purpose,  and  called  (economists,  and  (be 
whole  comr^unity  had  all  things  iif  common. 

The  desire  of  concealing  their  mysteries  induced  the 
Eg)*ptians  to  make  use  of  three  kinds  of  styles,  or  ways  of 
expressing  their  thoughts;  the  simple,  (he  hieroglyphical, 
and  the  symbolical.  In  the  simple,  they  spoke  plaitUy 
and  intelligibly,  as  in  common  conversation  ; in  the  hic- 
roglypbical,  they  concealed  their  thoughts  under  certain 
images  and  characicn  ; and  in  the  symbolical,  they  ex- 
plained them  by  short  expressions,  which,  under  a sense 
plain  and  simple,  included  another  wholly  figurative. 
Pythagoras  J>orrowed  these  three  different  ways  from  the 
Egyptians,  in  all  the  imtructions  be  gave;  but  chiefly 
imitated  the  symbolical  style,  which  he  thought  very 
proper  to  inculcate  the  greatest  and  must  important 
iruthttfora  syrob  1,  byits  doublescnse,  the  proper  and  the 
figurative,  teaches  two  things  at  once;  and  nothing  pleases 
the  mind  more,  than  the  double  image  it  represents  to  uur 
view. 

In  this  manner  Pythagoras  delivered  many  excellent 
things  concerning  and  the  human  soul,  and  a great 
variety  of  precepts,  relating  to  the  conduct  of  life,  both 
political  and  civil ; ho  made  also  some  considerable  dis- 
coveries and  advances  in  the  arts  and  sciences.  Thus, 
among  the  works  ascribed  to  him,  there  arc  not  only 
books  of  physic,  and  books  of  morality,  like  that  con- 
tained in  what  arc  called  bis  Golden  Verses,  but  treatises 
on  politics  and  theology.  All  these  works  are  lost : but 
the  vastneas  of  his  mind  appears  from  the  wonderful 
tbiogs^e  performed.  He  delivered,  as  antiquity  relates, 
several  cities  of  Italy  and  Sicily  from  the  yoke  of  slavery; 
be  ap|M-ased  seditions  in  others;  and  he  softened  the 
manners,  and  brought  to  temper  the  most  savage  and  un- 
ruly spirits,  of  several  people  and  tyrants.  Pbalaris, 
the  tyrant  of  Sicily,  it  is  said,  was  the  only  or>e  who 
could  withstand  the  remonstrances  of  Pythagoras ; and 
he  it  seems  was  so  enraged  at  his  discourses,  that  be  or- 
dered him  to  be  pul  to  death.  But  though  the  lectures  of 
the  philosopher  could  make  no  impression  on  the  tyrant, 
yet  they  were  sufficient  to  rcarfimatc  the  Siciliatks,  and  to 
put  them  upon  a bold  action.  In  short,  Phalaris  was 
killed  the  same  day  that  he  had  fixed  for  the  death  of  tho 
philosopher. 

Pythagoras  had  a great  veneration  for  marriage;  and 
therefore  himself  married  at  Croton  a daughter  of  one  of 
the  chief  men  of  that  city,  by  whom  he  bad  two  sons  and 
a daughter  : one  of  the  sons  succeeded  his  father  in  the 
school,  and  became  the  master  of  £mped(x:les;  the 
daughter,  named  Damo,  was  distinguished  both  by  ber 
Icarniog  and  her  virtues,  and  wrote  an  excclleni  com- 
mentary upon  Homer.  It  is  also  related,  that  Pythagoras 
had  given  some  of  his  writings,  with  express  commands 
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not  to  impart  them  to  any  but  thoH*  of  hi«  oirn  family  ; 
to  which  Diimo  was  so  scrupulously  obcflient,  that  evcti 
w[)cn  she  was  reduced  to  cMri-mc  poverty,  $!ic  KfusL'd  a 
great  sum  of  money  for  them.  , 

Kroiii  the  country  in  whtch  Pythagoras  Urns  settled  and 
cave  his  imiructuus  hi>  socufy  of  disciples  was  called 
the  italic  vet  of  phiiosophers,  utid  ibeir  reputation  con-, 
linwed  lor  s»iiue  aces  aUirwanis,  when  the  Acndeiny  and 
the  L)Ca‘um  tiniie<i  t • obscure  und  swullmr  up  the  italic 
sect.  Py'ibagoraA  disciples  regarde>l  the  woiHs  of  their 
master  as  the  nracli-s  ot  u god ; his  aulhririty  alone, 
though  unsupported  by  reason,  passi-d  with  tin-m  for  rea- 
son itself : they  look«*d  on  him  as  tiie  innst  perfect  imuge 
of  God  among  men.  His  house  wa>  called  the  temple  of 
Ceres,  and  his  court-yard  the  temple  of  the^luscs  : and 
when  he  went  into  towns,  it  was  said  he  went  thither,  nut 
to  teach  men,  but  to  heal  them.'' 

Pythagoras  however  was  persecuted  by  bad  men  in  tbe 
latter  years  of  his  life;  and  some ‘•ay  he  was  killed  in  a 
tumult  raised  by  them  against  him;  hut  according  to 
oliiers,  diiNi  n natural  death,  at  90  years  of  age,  about 
497  yi*ars  betore  ^hrist. 

Besides  tbe  high  respect  and  veneration  the  world  has 
always  had  for  Py  thagoras,  on  account  of  the  cNCclIencc 
of  his  wisdom,  hts  morality,  his  theolosy,und  politics,  he 
was  renowned  as  learned  in  all  tbe  science's,  and  a consi- 
dcrabfe  inventor  of  many  things  in  them  ; os  arithmetic, 
geometry,  astronomy,  music,  &c.  In  arlthnutic,  tho 
common  multiplication  table  b,  to  tfes  day,  still  called 
Pythagoras’s  table,  in  geometry,  it  is  said  be  invented 
many  theorems,  particularly  these  three;  1st,  Only  three 
polygons,  or  regular  plam*  finures,  can  fill  up  the  space 
about  a ^oint,  viz,  the  equilateral  lYiangle,  the  square, 
and  (he  hcjcugon : 52d,  The  sum  of  the  three  angles, of 
every  triangle,  is  equal  to  two  right  angle* : 3<l,  in  any 
right-angU'd  triangle,  the  square  on  the  longest  side  is 
e(|ual  to  both  the  squares  on  the  two  shorter  sides:  for 
the  discovery  of  this  Inst  theorem,  some  authors  say  he 
oflered  lu  the  gods  a hecatomb,  or  a sacrifice  of  a hun- 
dn^l  oxen:  Plutarch  however  says  it  was  only  one  ox, 
■lul  even  that  is qu4>stioncd  by  Cicero,  as  inconsistent  with 
his  doctrine,  which  forbade  bloody  Micriticci:  the  more 
accurate  therefore  say,  he  sacrificed  an  ox  made  llotir, 
ot  of  clay  ; and  Plumrch  even  doubts  whether  such  sacri- 
fice, whatever  it  wai,  was  made  for  the  said  theorem,  or 
lor  the  area  of  tbe  parabola,  which  it  was  said  Pythagoras 
also  found  out. 

In  astronomy  his  inventions  vvere  many  and  great.  It 


is  said  he  discovered,  or  maintaincd*the  true  system  of 
the  world,  which  places  the  sun  in  the  centre,  and  makes 
III)  the  planes  revolve  about  him;  and  from  him  it  is  to 
this  day  railed  the  old  or  Pythagorean  system ; and  is 
the  siiiiic  as  that  revived  by  Copernicus.  He  first  dis- 
covered, that  Locifrrand  Hesperus  wen-  but  one  and  the 
same,  hciti»  the  pUtK-t  Venus,  though  formerly  thought 
to  bo  two  aifierent  stars.  The  invention  of  the  obliquity 
of  the  zodiac  is  likewise  ascribixt  to  him.  He  first  gave 
to  tho  world  the  name  ATormos,  from  tho  order 

and  bi'auty  of  all  things  comprehended  in  it ; asserting 
that  it  was  made  according  10  musical  proportion : for, 
as  he  held  that  the  sun,  by  him  and  hisfollowcis  termed 
the  fiery  gh>he  of  unity,  was  M*ated  in  the  midst  of  the 
universe,  and  tho  earth  and  planets  moving  arouhd  hico, 
so  he  held  that  the  seven  planets  bad  an  harmonious  mo- 
tion, and  their  distances  from  the  sun  corresponded  to  tbe 
musical  intervals  or  divisions  of  the  monochord. 

Pythagoras  and  his  followers  held  tho.transmignition 
of  souls,  making  them  successively  occupy  one  body  after 
another:  on-  which  account  they  abstained  from  flesh, 
niul  lived  chiefly  on  vegetables.  This  he  probably  learnt 
in  India. 

PvTifAnoitAa’ft  TabUf  the  saip^  w*  the  multiplication- 

table;  which  see. 

py'i‘HA(»OKE.^N,  or  Pvtiiaooric,  Syttem^  among 
the  ancients,  was  the  same  as  the  Copemicun  system 
among  the  modems.  In  this  system,  the  sun  is  supposed 
at  rest  in  the  centre,  with  the  earth  and  all  tbe  planets 
revolving  abotu  him,  each  in  their  respective  orbits.  Sec 
Syxtf-m. 

ItVas  so  called,  as  having  been  maintained  and  culti- 
vated by  Pythagoras,  and  his  followers;  not  that  it  was 
invented  by  him,  for  it  was  much  older. 

PrTMAConEAN  Theorem^  it  that  in  tbe  47th  proposi- 
tion of  the  first  book  of  Euclid’s  Elements;  viz,  that  in  a 
right-angled  triangle,  the  square  of  the  long<?*t  side  is 
equal  to  the  sum  of  both  the  squares  of  the  two  shorter 
sides.  It  has  been  said  that  Pvthagoras  oH’ered  a heca- 
tomb, or  sacrifice  of  ICO  oxen,  to  tbe  gods,  for  inspiring 
him  with  the  discovery  of  so  remarkable  a properly. 

PYTHAGOREANS,  a sect  of  ancient  philosophers, 
who  followed  ihc  doctrines  of  Pythagoras.  They  were 
called  the  lialic  sect,  from  the  circumstance  of  bis  having 
settled  in  Italy.  Out  of  his  school  pmceorled  (hegr<*atcBt 
philosophers  and  legislators,  Zaleucus,  Clmrondas,  Archy- 
tas,  itc.  See  the  article  PYTHAOOfiAS. 

PYXIS  fSauiica^  tbe  seaman’s  compass. 


Q. 

QUA 

/^UADR/\GESIMA,  a denomination  given  to  the  time 
of  lent,  from  its  consisting  of  about  40  days  ; com- 
mencing  on  ash-tvednesday. 

(icAnaAOKStMA  is  the  first  Sunday  in  lent, 

or  the  first  sumlay  after  ash-wednesday. 

quadrangle,  or QuADKANCULAU/;'irre,  in  Ge- 
ometry^ is  a plane  figure  having  four  angles  ; and  codSfC- 
quenily  four  sides  also. — ^'Fo  the  class  of  qaadrnnwlea  be- 
long the  Square,  parallelogram,  trapezium,  rhombus,  and 
rhuinboidett.— A square  is  a regular  quadrangle;  a Irape- 
eiiim  an  irregular  one. 


QUA 

QUADRANT,  in  Geometry,  is  either  the  quarter  or 
4th  par(  ofa  circle,  or  tfte.4th  part  of  its  circumference; 
the  arch  of  which  therefore  Contains  90  dogiXT*. 

Qi'adrant  aKo  denotes  a mathemaiical  inslrummtof 
great  use  in  asirunomy  und  navigation,  fi»r  taking  tbe  alti- 
tudes of  the  sun  and  stars,  as  also  taking  angles  in  survey- 
ing, height«-nnd-dislaucc5,  &c. — This  iiiBlrumenl  is  vari- 
ously contrived,  and  furnished  with  differenr  apparatus, 
according  to  the  various  uses  it  is  intended  for;  but  they 
have  all  this  in  common,  that  they  consist  of  the  quarter 
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• ft  circle,  wboM  limb  or  arch  ii  dirided  into  pO*’  ^c. 
Sumo  have  a plummet  susprndoti  from  ibe  contra,  and  arc 

* furnished  viiher  with  plain  sighu,  ur  a telescope,  to  look 
through.  * 

Tii^  principal  and  most  useful  quadrants,  nretbe  com- 
mon Surveying  quadrant,  the* A&trunomical  quadrant, 
Adanis’s  qoadrant.  Cole’s  quadrant,  Coilins’i  or  Sutton's 
quadrant,  Davis’s  quadrant,  Gunter’s  quadrant,  Hadley's 
quadrant,  tko  llQrodiciicul  quadrant,  and  the  Sinicnl  qua- 
drant, &c.  Of  these,  the  two  most  deserving  of  notice, 
are  liadley’t  quadrant,  and  the  mural  or  astronomical 
quadrant. 

1.  The  Common,  or  Qu  adrakt,  is  the  in- 

strument the  use  of  which  may  be  seen  in  my  Mensura- 
tion, in  the  'section  on  hcighls-and-distanccs. 

2.  The  ^stroaqpi/cniQuADiiANT,  is  alargc  one,  usually 
made  of  brass  or  iron  bar*;  having  its  limb  £p(tig.S  pl.SP) 
accurately  divided,  either  tliagonally  ob  olberwisi*,  into 
d^rees,  minutes,  and  se'cohds,  rf  room  will  permit,  and 
furnished  either  with  two  pair  of  plain  sights  ur  two  tele- 
scopes, one  on  the  side  of  the  quadrant  at  ah,  and  the 
other,  CO,  moveable  about  the  centre  by  means  of  the  screw 
o,  The  dented  wheels  i and  if  serve  to  direct  the  instru- 
ment to  any  object  or  phcnomtmm.— The  application  of 
(his  useful  instrument,  in  taking  observations  of  the  sun, 
planets,  and  fi.aed  stars,  is  obvious ; for  being  turned  bori- 
sooully  on  its  axis,  by  means  of  the  telescope  An,  till 
the  object  is  seen  through  the  moveable  telescope,  then 
the  degrees  &c  cut  ^y  the  index,  give  the  altitude  &c 
required. 

3«  Coze's  Quadraht,  is  a very  useful  instrument,  in- 
vented by  Mr.  Benjamin  Qole.  It  consists  of  six  parts, 
vii,  the  staff  ab  (tig. 11,  pl-29);  the  quadrantnl  arch  de; 
three  vanes,  a,  b,  c ; and  the  vernier  re.  The  staff  is  a 
bar  of  wood  about  2 feet  long,  an  inch  and  a quarter 
broad,  and  of  & sufficient  thickness  to  prevent  it  from 
bending  or  warping.  The  quadrantal  arch  is  also  of 
wood  ; and  it  divided  into  degrees  and  3d  parts  of  de- 
grees, to  a radius  of  about  9 inches  ; and  to  its  extremi- 
ties are  fitted  two  radii,  which  meet  in  the  centre  of  tHo 
quadrant  by  a pin,  about  which  it  easily  moves.  The 
fight-vanc  a is  a thin  piccf  of  brass  near  2 inches  m height, 
and  one  broad,  set  perpendicularly  on  the  end  of  the  sufl' 
A,  by  means  of  two  screws  parsing  through  its  foot.  In 
the  middle  of  this  vnno  is  drilled  a small  hole,  through 
which  the  coincidence  nr  meeting  of  the  horison  and  solar 
spot  is  to  be  viewed.  The  horizon-vane  n is  about  an  inch 
broad,  and  two  inches  and  a half  high,  having  a slit  cut 
through  it  of  near  an  inch  long,  and  a quarter  of  an  inch 
broad  ; this  vane  is  fixed  in  the  centre  pin  of  the  instru- 
ment, in  a perpendicpiar  position,  by  means  of  two  screws 
passing  through  its  foot,  by  which  its  position  with  res{>ect 
to  the  sight-vane  is  always  the  same,  their  angle  of  inclina- 
tion being  equal  to  45  degrees.  The  shade-vane  c is  com- 

• poAiHl  of  two  bravs  plates ; one  of  wliich  serves  as  ati  arm, 
and  is  about  4(  inches  long,  and  ^ of  an  inch  broad,  being 
pinned  at  one  end  to  the  upper  limb  of  the  quadrant  by  u 
screw,  about  which  it  has  a small  motion;  the  other  end 
lies  in  the  arch,  ami  the  lower  edge  of  the  arm  is  directed 
to  the  mitldle  of  the  centre-pin  : the  other  plate,  w hich  is 
properly  the  vane,  is  about  2 inches  long,  being  fixed  per- 
pendicularly to  the  other  plate,  at  about  half  an  inch  di- 
stance from  that  end  next  the  arch  ; this  vane  may  be 
used  cither  by  its  shade,  or  by  the  solar  spot  cast  by  a 
convc.x  lens  pUced  in  it  A’n^  because  the  wood-work  is 


often  subject  to  warp  or  twist,  therefore  this  vane  may  be 
rectified  by  means  of  a screw,  so  that  iho  warping  of  the 
instrument  may  occasion  no  error  in  the  observation, 
which  is  portorroed  in  the  following  manner : Set  the  line 
o on  the  vernier  against  a degree  on  llie  upper  limb  of  i!^e 
quadrant,  and  (urn  the  screw  on  the  backside  of  (he  limb 
forward  or  backward,  till  the  hole  In  the  sight-vane,  the 
centre  of  the  glass,  and  the  sunk  spot  in  the  horizon-vone, 
lie  ill  a right  line. 

To  find  the  Sun‘t  Altitude  by  this  inurnment.  Turn  your 
back  to  the  sun,  holding  ihc  statT  of  the  instiument  with 
(he  right  hand,  so  that  it  be  in  a vertical  plane  passing 
through  Ihc  sun;  apply  one  eye  to  the'sight-vane,  looking 
through  (hnt  and  the  horizon-vane  till  the  horizon  be  see  n ; 
with  tho^left  bund  slide  the  quadrantal  arch  upwards,  till 
the  solar  spot,  or  shade,  cast  by  the  shade-vane,  fall  di- 
riTtly  upon  the  spot  or  sUl  in  the  horizon-vaiic ; then  will 
that  purl  of  the  quadiantul  arch,  which  is  raised  above  <» 
or  8 Uccurdiug  us  the  observation  respect!- either  thcsolnr 
spot  or  shade)  sliow  the  altitude  of  the  sun  at  that  lime. 
But  lor  the  meridian  altitude,  the  observation  muvt  l>c 
Continued,  and  as  the  sun  appru.'iches  the  meridian,  the 
sea  will  appear  througli  the  horizon-vane,  which  completes 
the  nbiM'rvation  ; and  (he  degrees  and  minutes,  counted  us 
before,  will  give  the  sun's  meriman  altitude:  or  the  de- 
grees counted  iVum  the  lower  limb  upwards  will  give  the 
zenith  distance. 

4.  Adame's  Quadravit,  diifi-rs  only  from  Cole's,  just 
described,  iu  having  an  horizontal  vane,  with  the  upp<*r 
part  of  the  limb  lengthened  ; so  that  the  glass,  which  casts 
the  Bolar  spot  on  the  hoH/on-vane,  is  at  the  same  distance 
from  the  horiion-vane  as  the  sight-vaue  at  the  end  of  the 
index. 

5.  CoUin^s  or  Sutton's  Quadrant,  is  a slcrcogra- 
phic  projection  of  one  quarter  of  the  sphere  between 
the  tropics,  on  the  plane  of  the  ecliptic,  the  eye  beipg 
in  its  north  pole ; ami  fitted  to  the  latitude  of  Lon- 
don. The  lines  running  from  right  to  left,  are  parallels 
of  altitude;  and  those  crossing  them  arc  azimuths.  The 
smaller  of  the  two  circles,  bounding  the  projection,  is  one 
quarter  of  the  tropic  of  Capricorn  ; and  the  greater  is  a 

uarter  of  the  tropic  of  Cancer.  The  two  ecliptics  arc 

rawn  from  a ]v>int  on  the  left  edge  of  the  quadrant,  with 
(he  characters  of  the  signs  up«>n  them  ; and  the  two  h4»ri- 
suns  arc  drawn  from  the  same  point.  The  limb  is  divided 
both  into  degivcs  and  time  ; and  by  having  the  sun's  alti- 
tude, the  hour  of  (he  day  may  here  be  found  to  a minute. 
The  quadrintal  arches  next  the  centre  contain  the  calC'ii- 
dar  of  months;  i.ml  under  thciu,  in  another  arch,  is  the 
suns  declination.  Otf  the  projection  are  placed  several  of 
the  most  remarkable  fixed  stani  between  the  tropics;  and 
tiic  next  below  (he  projection  is  the  quadrant  and  line  of 
shadows. 

6.  Davit's  Quadrant,  the  same  as  the  Dackstatf  ; 
which  see. 

7.  Ganner's  Quadrant,  (fig.  C,  pi.  29),  s<irnetbnes 
callinl  the  Gunner's  S(fuare,  is  used  for  elevuting  and 
pointing  cannon,  mewtars,  &c,  and  ' consivis  of  two 
branches  either  of  wood  or  brass,  bolweeri  which  is  a 
quadrantal  arch  divided  into  ' and  furnished  with  a 
thread  and  plummet.--Tbe  use  of  this  instrumrnt  is  very 
easy ; for  if  tho  longer  branch,  or  bar,  be  placed  in  the 
mouth  of  the  piece  and  it  be  elevated  till  the  plummet 
cul^tlie  degree  necessary  to  hit  a proposed  object,  the 
thing  is  done. — Sometimes  on  the  sides  of  the  longer  bar, 
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ure  noted  (he  division  of  diameten  and  wei^itt  of  iron 
baUs,  as  also  the  bores  of  pieces. 

8-  Guruer^t  QuABaanT,  so  called  from  its  inventor 
, Edmund  Gunter  (fig.  4,  pi.  99)  besides  the  apparatus  of 
other  quadrants,  bos  a stereogrmphic  projection  of  the 
sphere  on  the  plane  of  the  equinoctial ; and  also  a ca> 
leudarof  (he  months,  next  to  the  divisions  of  the  limb ; 
by  which  means,  besides  tbe  common  purposes  of  other 
quadrants,  several  useful  questions  in  astronomy,  &c,  are 
easily  resolved. 

Vte  qf  GunUr^t  Suadronr.— (1)  To  find  the  sun's  me- 
ridian altitude  for  any  given  day,  or  conversely  the  day 
of  tbe  year  answering  to  any  given  meridian  altitude. 
Lay  the  thread  to  tlicday  of  the  month  in  tbe  scale  next 
the  limb;  then  the  degree  it  cuts  in  the  limb  is  tbe  suu's 
meridian  altitude.  And,  contrariwise,  the  thread  being 
set  10  the  meridian  altitude,  it  shows  the  day  uf  the 
month. 

(2)  To  find  the  hour  of  tbe  day.  Having  set  (he  bead, 
which  slides  on  the  thread,  (o  (be  tun’s  place  in  tbe 
ecliptic,  obMTvc  (hr  sun’s  altitude  by  the  qu^rant;  then 
if  (he  bead  be  laid  over  the  same  in  a limb,  it  will  fall 
upon  the  hour  required.  On  tbe  contrary,  laying  the 
bMd  on  a given  hour,  having  first  rectified  or  set  it  to 
tbe  sun’s  place,  the  degree  cut  by  the  thread  on  the  Ihnb 
gives  (he  t](itude.-~The  bead  may  be  rectified  other- 
wise, by  bringing  the  thread  to  (he  day  of  the  month,  and 
the  bc^  to  the  hour-line  of  19. 

(3)  To  find  the  sun's  declination  from  his  place  given  ; 
and  the  contrary.  Bring  the  bead  to  the  sun’s  place  in 
(he  ecliptic,  and  move  the  thread  to  the  line  of  declina- 
tion ET,  so  shall  the  bead  cut  the  degree  of  declination 
r^uired.  On  the  contrary,  the  bead  being  adjusted  to  a 
gis'cii  declination,  and  the  thread  moved  to  the  ecliptic,  it 
will  cut  tbe  sun's  place. 

(4)  Tbe  sun's  place  being  given,  to  find  the  right 
ascension;  or  the  contrary.  Lay  the  thread  on  the  sun’s 
place  in  the  ecliptic,  and  the  d^rec  it  cuts  on  tbe  limb 
is  the  right  ascension  sought.  And  the  converse. 

(5)  The  sun's  altitude  being  given,  to  find  his  asi- 
muth  ; and  tbe  contrary.  Rectify  the  bead  for  the  time, 
as  in  (bo  second  article,  and  observe  the  sun’s  altitude; 
bring  the  thread  to  the  complement  of  (hat  altitude ; (hen 
the  ^ad  will  give  the  azimuth  sought,  ampng  the  azi- 
muth-lincs. 

9.  Quadeant,  (fig. 7,  pi-  8d)  called  from 

its  inventor  John  Hadley,  esq.  is  nowTiniversally  used 
os  the  best  of  any  for  nautical  and  other  obaervations.  It 
seems  the  first  idea  of  this  excellent  instrument  was  sug- 
gested by  Or.  Hooke;  for  Dr.  Sprat,  in  his  History  of 
the  Royal  Society,  pa.  245,  mentions  the  invention  of  a 
new  instrument  fur  taking  angles  by  reflection,  by  which 
means  the  eye  at  once  secs  (he  two  objects  both  as  touch- 
ing the  same  point,  though  distant  almost  to  a semicircle; 
which  ri  of  great  use  for  making  exact  observations  at 
sea.  Thi««  instrument  is  dt^scribed  and  illustrated  by  a 
figure  in  Hooke's  Posthumous  Works,  p.i.  503.  Bui  at 
it  admitted  of  only  one  reflection,  at  would  not  answer 
the  purpose.  The  matter  however  was  at  last  effected  by 
Sir  Isaac  Newton;  who  communicated  to  Dr.  Halley  a 
paper  of  his  own  writing,  containing  the  description  of 
an  instrument  with  two  reficclions,  which  soon  after  the 
doctor's  death  was  found  among  his  papers  by  Mr. 
Jones,  by  whom  it  was  communicated  to  the  Royal  So- 
ciety, aud  it  was  published  in  the  Philos.  Trans.-  for  the 


year  1742.  How  it  happened  tliat  Dr.  Halley  never 
mentioned  this  in  bis  lifetime,  is  diflicull  to  account  for; 
more  especially  as  Mr.  Hadley  had  described,  in  the 
Trtnsac.  fur  1731,  bis  instrumimt,  which  is  cbnstructed 
on  the  same  principles.  Mr.  Hadley,  who  was  weR  ac- 
quainted with  Sir  Isaac  Newton,  might  have  heard  him 
say,  that  Dr.  Hooke’s  proposal  could  be  effected  by 
means  of  a double  reflection ; and  perhaps  in  consequence 
of  this  hint,  he  might  apply  himself,  wjthuut  any  pre- 
vious knowledge  of  what  Newtuii  bad  actually  dune,  to 
the  constructiun  of  hii  instrument.  Me  Gudirey  too,  of 
Pennsylvania,  had  recourse  to  a similar  expedient;  for 
which  reason  some  gentlemen  of  that  colony  have  ascrib- 
ed the  invention  of  (his  e.xcelletit  instrument  to  him.  The 
truth  may  probably  be,  that  each  of  these  grnili'rocn  dis- 
covered the  method  independent  of  01^  another.  Si-e 
Trans,  of  the  American  S<^iety,  voi.  1,  pa.  21  Appendix. 

'Phis  instrumenl  consists  of  the  following  particulars  ; 
1.  An  octant,  or  the  8tb  part  of  a circle,  akc.  2.  An 
index  D.  3.  The  speculum  e.  4.  Two  horizontal  glasses, 
r,  (fc.  5.  Two  screens,  k and  k.  6.  Two  sight-vanos,  11 
and  I.— The  octant  consists  of  two  radii,  a a,  ac,  strength- 
ened by  the  braces  l,  m,  and  the  arch  bc;^  which,  though 
containing  only  45®,  is  nevertheless  divided  into  90  pri- 
mary divisions,  each  of  which  stands  for  degrees,  and  are 
numbered  O,  10,  20,  30,  Ac,  to  90  ; beginning  at  each 
end  of  (he  arch  for  the  convenience  of  numbering  both 
ways,  either  for  altitudes  or  zenith  distances  : also  each 
degn>«  is  subdivided  into  minutes,  by  means  of  a vernier. 
But  the  number  of  these  divisions  varies  with  the  size  of 
the  instrument. 

The  index  d,  is  a flat  bar,  moveable  about  the  centre  of 
the  instrument ; and  that  part  of  it  which  slides  over  the 
graduated  arch,  BC,  is  open  in  the  middle,  with  Vernier's 
scale  on  the  lower  part  of  it  ; and  undi-rneatb  if  a screw, 
si'rving  to  fasten  the  index  against  any  division. 

The  »pcculum  r is  a piece  of  flat  glass,  quicksilveretl 
on  one  side,  set  in  a brass  box,  and  placed  perpendicular 
to  the  plane  nf  the  instrument,  the  middle  part  uf  tho 
former  coinciding  with  the  centre  of  the  latter  : and  be- 
cause the  speculum  is  fixed  to  the  index,  the  poiilion  of 
it  will  be  altered  by  the  moving  nf  the  index  along  the 
arch.  Tbe  rays  of  an  oboerved  object  are  received  on  the 
spt'culiim,  and  from  thence  rcfiected  on  one  of  the  hori- 
zon glasses,  r or  o;  which  are  two  small  pieces  of  look- 
ing-glass placed  on  one  uf  the  limbs,  their  faces  l>eing 
turned  obliquely  to  the  speculum,  from  which  they  re- 
ceive the  reflected  rays  of  objects.  The  glass  p has  only 
its  lower  part  silvered,  and  set  in  brass-work  ; the  upper 
part  being  left  transparent  to  view  the  horizon.  'I'he 
glass  Q has  in  its  middle  a transpanml  slit,  through  which 
the  horizon  is  to  be  seen.  And  because  the  warping  nf 
the  materials,  and  other  accitk'nts,  may  distend  them 
from  their  true  situation,  there  arc  three  screws  passing 
through  their  feet,  by  which  they  may  be  easily  replocetl. 

The  screens  arc  two  pieces  of  coloured  glass,  set  iu 
(wo  square  brass  frames  K,  x,  which  serve  as  screens  to 
take  off  the  glare  of  (be  sun’s  rays,  which  would  other- 
wise be  too  strong  for  the  eye;  the  one  u tinged  much 
deeper  than  the  other;  as  they  both  move  on  the  same 
centre,  they  may  be  both  or  either  of  them  used  : in  the 
situation  they  have  in  the  figure,  they  serve  lor  (be  hori- 
zon-glass y;  but  when  ihey  are  wanted  for  the  horizon- 
glass  o,  they  must  be  taken  from  their  present  silualiun,. 
and  placed  on  tbe  quadrant  above  o. 
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The  ftight*tanes  are  two  pin^  it  and  i,  standing  per* 
|icndictibr)y  to  the  pliine  of  tile  instrument:  that  at  n 
iiliving  a hole  in  it,  oppo^iie  to  the  transparent  slit  in  the 
liorizon-gla»s  o;  the  other,  at  i,  has  imo  holes  in  it,  the 
one  opposite  lu  the  middle  of  the  transparent  part  of  the 
buri/on*glass  r,  and  the  other  rather  lower  than  the 
quicL'kilvered  part : thir  vane  has  a piece  of  brass  on  the 
lack  of  it,  which  moves  round  a centre,  and  serves  to 
rover  cither  of  the  holes. 

0/ the  Obiavationi.—Thvrc  are  two  kinds  of  observa- 
tions to  be  made  with  this  instrument the  one  is  when 
the  back  of  the  observer  is  lurrsrd  towards  the  object,  and 
therefore  called  the  back  obsiTvation  ; the  other  when  his 
face  is  turned  towards  the  object,  which  is  called  theibre* 
observation. 

To  Rectify  the  I*stmment  for  the  fVejobserra/ioii.— 
Slacken  the  screw  in  the  middle  of  the  handle  behind  the 
glass  r ; and  bring  the  index  close  to  the  button  A;  hold 
the  instrument  in  a vertical  position,  with  the  arch  down- 
wards; look  through  the  righl>hand  bole  in  the  vane  i, 
and  through  the  iransparrnl  part  of  the  glass  r,  for  the 
horizon  ; and  if  it  lie  in  the  same  right  line  with  the 
image  of  the  horizon  seen  on  thr  silvered  part,  the 
glass  p is  rightly  adjusted  ; but  if  the  two  huriiontal 
lines  disagree,  turn  the  screw  which  is  at  the  end  of  the 
handle  backward  or  forward,  till  those  lines  coincide ; 
then  fasten  the  middle  screw  of  the  handle,  and  the  glasa 
is  rightly  adjusted. 

To  toke  the  Sun  a AUUmde  by  the  Fort^baervatkm,^ 
Having  fixed  the  screens  above  the  horizon-glass  r«  and 
suited  them  proportionally  to  the  strength  of  the  sun’s 
rays,  turn  your  face  towards  the  sun,  holding  the  instru- 
ment with  your  right  hand,  by  the  braces  L and  sr,  in  a 
vertical  position,  with  the  arch  downward  ; place  your 
eye  cIok*  to  the  ligtit  hand  hole  in  the  vane  i,  and  view 
(lie  horizon  through  the  transparent  part  of  the  horizon- 
glass  r,  at  the  same  tine  muvtng  the  index  D with  (he 
left  band,  till  the  rt'flcx  solar  spjt  coincides  with  the 
line  of  the  horizon  ; then  the  degrees  counted  from  c,  or 
that  end  next  your,  body,  will  give  (he  sun's  altitude  at 
thul  time,  observing  to  add  or  subtract  16  minutes  ac- 
cording as  the  upper  or  lower  edge  of  the  sun’s  n'flex 
image  is  made  use  of. 

Hut  to  get  the  sun's  meridian  altitude,  l»eing  what  is 
wanted  for  finding  the  lutittide  ; the  observations  must 
be  continued;  and  as  the  sun  approaches  (lie< meridian, 
(he  index  ii  must  be  continually  moved  towards  a,  to 
maintain  the  coincidence  between  the  reflex  solar  spot 
and  (he  horizon ; and  conse<{Uontly  as  long  as  (his  mo- 
tion can  maintain  (lie  same  coincidence,  the  observation 
must  be  continued,  till  (he  tun  has  reached  the  rrveri- 
dian,  and  begins  to  descend,  when  the  coincidence  will 
require  a retrograde  motion  of  the  index,  or  towards  c ; 
(hen  (be  observation  is  finished,  and  the  degrees  counted 
as  before  will  give  the  sun’s  meridian  altitude,  or  those 
from  a will  give  the  zenith  distance ; observing  (o  add 
the  semi-diameter,  or  l6*,  when  bis  lower  edge  is  brought 
to  (he  horizon  ; or  to  subtract  l6',  when  the  bortion  and 
upper  edge  coincide. 

To  take  the  altitude  tf  a Star  by  the  Fore^*erTatioti.^ 
Through  the  vane  ii,  and  (he  transparent  slit  in  the  glass 
o,  look  directly  to  the  star ; and  at  (he  same  time  move 
the  index,  till  the  image  of  the  horizon  behind  ynu,  be- 
ing reflected  by  the  great  speculum,  be  seen  in*  the  ail- 
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vered  part  of  a,  and  meet  the  star;  then  will  thd*  index 
show  the  degrees  of  the  sta/s  altitude. 

To  Recti^  the  InMirument  for  the  Back-obeerva/ion.^ 
Slacken  the  screw  in  the  middle  of  the  handle,  behind 
the  glass  6 ; turn  the  button  A on  one  side,  and  bring  the 
index  as  many  degrees  before  0 as  is  equal  to  doubU 
the  dip  of  the  horizon  at  your  height  above  the  water; 
hold  the  instrument  vertical,  with  the  arch  dosvnward  ; 
look  through  the.  hole  of  the  vane  ii  ; and  if  the  hori- 
zon, seen  through  the  (ranspan-nt  slit  in  the  glasa  o, 
coincide  with  (he  image  of  the  horizon  seen  in  (he  silver- 
cd  part  of  the  same  glass,  then  the  glass  o is  in  its  prCH 
per  piisition  ; but  if  not,  set  it  by  the  handle,  and  fastei 
the  screw  as  before.  • 

To  take  the  Sun’s  jlUitude  by  the  Back~obfervatUm.^ 
Put  the  stem  4f  the  screens,  x,  x,  into  the  holer,  and 
in  proportion  ro  the  strength  or  faintacss  of  the  tun*a 
rays,'  let  cither  one  or  both  or  neither  of  the  frames  of 
those  glasses  be  turned  close  to  the  face  of  the  limb; 
hold  the  instrument  in  a vertical  position,  with  the  arcb 
downward,  by  the  braces  l and  m,  with  the  left  hand; 
(lien  (urn  your  back  to  the  sun,  and  put  one  eye  close  to 
the  bole  in  the  vane  ii,  observing  the  horizon  through  the 
transparent  slit  in  the  horizon  glass  u ; with  the  right 
hand  move  the  index  i>,  till  (he  reflected  image  of  the 
sun  be  seen  irt  the  silvered  part  of  (be  glass  c,  and  in  a 
right  line  with  (lie  horizon ; swing  your  body  to  and  fro^ 
and  if  the  observation  be  well  made,  the  sun’s  image  wilt 
be  observed  to  brush  (be  horizon,  and  the  degrees  reckon- 
ed from  c,  or  that  part  of  the  arcb  furthest  from  your 
body,  will  give  the  tun’s  altitude  at  the  time  of  observa* 
tion  ; observing  (o  add  KT,  for  the  sun’s  semidiameter,  if 
the  sun's  upper  edge  be  used,  or  subtract  the  same  for 
the  lower  edge. 

The  directions  just  given,  for  taking  altitudes  at  sea, 
would  be  suflicient,  but  for  two  corrections  that  arc  ne* 
ceuary  to  be  made  before  the  altitude  can  be  accurately 
determined,  viz,  one  on  account  of  theoboerver’seye  licii^ 
raised  above  the  level  tif  the  sea,  and  the  other  on  accounl 
of  (be  refraction  of  the  atmosphere,  especially  in  small 
altitudes.  The  following  tables  show  the  corrections  to 
be  made  on  both  these  accounts. 


TABLE  I. 

Dip  of  the  Hovi- 
ton  of  the  Sea. 

TABl^  II. 

Rcfnciioo*  »r  the  Stais  Ac  ie 
Alutoite. 

Hfifrht 

Dip  of 

Apper. 

Apper. 

of  the 

the  Ho- 

Alttiwir 

Refni'lton. 

Aliiindr. 

Ref  rani  on. 

Ej^. 

ricon. 

in  Urz* 

' 

i.  i>«. 

tm. 

o’ 57" 

0’ 

3.V  or 

11“ 

4' 47" 

2 

1 21 

i 

30  35 

12 

4 23 

3 

1 39 

t 

T 

28  22 

15 

3 30 

5 

2 8 

1 

24  29 

20 

2 S5 

10 

3 1 

2 

18  35 

25 

2 2 

ij 

3 42 

3 

14  36' 

30 

1 38 

20 

4 l6 

4 

11  51 

35 

1 21 

25 

♦ 46' 

5 

9 54 

40' 

I 8 

30 

5 14 

6. 

8 29 

45 

0 fiT 

35 

5 39 

7 

7 20 

5Q 

0 48 

40 

6 2 

8 

6 29 

60 

0 33 

♦5 

6 24 

9 

5 48 

70 

0 21 

50 

6 44 

10 

5 15 

80 

0 10 
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• Gmfrtti  KuUiftjr  thcic  C\frrtcUoa$. 

1.  In  tbo  forc*obscr»aliom,  adri  the  sum  of  both  cor- 
rections (o  the  observed  aenith  di&lance«  for  the  true  ze- 
nith distance  : or  subtract  the  ^aid  sum  from  the  observed 
altitude,  for  the  true  one.  2.  In  the  back-observation, 
add  the  dip  and  subltncl  the  refraction  for  altitudes;  and 
for  zenith  distances,  do  the  contrary,  viz,  subtract  the  dip, 
and  add  the  refraction. 

Etamf>ie.  Ky  a back-ol»ervation,  the  altitude  of  the 
sun*»  lower  od;*e  was  found  by  Hadley's  quadrant  to  be 
25®  12';  the  eye  being  50  feet  above  the  horizon.  Uy 
the  tables  the  dip  on  50  f««l  is  5^  1+",  and  the  refraction 
on  25®  12^  is  2*  1".  Hence 


Appnr.  alt.  lower  limb 

25® 

12' 

0« 

Sun’s  Acmidiamvter,  sub. 

0 . 

Hi 

u 

Appar.  alt.  of  centre 

•IT' 

50 

"o~. 

Dip.  of  horizon,  add 

o 

5 

14 

2“ 

r 

TT 

Refraction,  subtract 

0 

2 

I 

True  alt.  of  centi'e 

21 

~\T 

In  the  ca*e  of  the  moon,  b*  sides  the  true  corrections 
above,  another  is  to  be  inaile  for  her  parallaxes.  Uul 
for  all  these  particulars,  see  the  Requisite  'lahlcs  for  the 
Nautical  Almanac,  also  HoUrtson's  Navigation,  vol.  2, 
pE.  3-U>Ac,edit.  IrHO. 

10.  Jlorodicticnl  Qi'adrant,  a pretty  commodious 
instrument,  which  is  »o  tailed  from  its  use  in  telling  the 
hour  of  the  day.  lu  construction  is  a*  follows.  From 
the  centr»*  of  the  quadrant  c,  (fig.  5,  pi.  29),  whose  limb 
AS  is  divided  into  90®,  dcscril>e  seven  concentric  circles 
at  any  intervals;  and  to  these  add  the  sigtu  of  (he  zodiac^ 
in  the  order  represtmted  in  the  figure.  Then,  applying  a 
ruler  to  the  centre  c and  the  limb  a a,  mark  upon  the 
several  parallels  the  dt^rees  corroponding  to  the  altitude 
of  the  sun,  when  in  them,^for  the  given  hours;  connect 
• the  points  belonging  to  the  same  hotfr  with  a curve  line, 
to  which  add  the  number  of  the  hoar.  To  (he  radius  ca 
fit  a couple  of  sights,  and  to  the  centre  of  the  quadrant  c 
lie  a thread  with  a plummet,  and  on  the  thread  a bead  to 
slide. 

U.  SimVef  Quadrant,  is  one  of  some  use  in  Naviga- 
tion. It  consists  of  M‘vcral  concentric  quadrantal  arches, 
divided  into  8 equal  parts  by  means  of  radii,  with  parallel 
right  lines  crojisigg  each  other  at  right  angles.  Now  any 
one  of  the  arches  may  represent  a quadrant  of  any  great 
circle  of  the  sphere,  but  is  chiefly  ustxi  for  the  horizon  or 
inoridian.  The  chief  use  of  the  sinical  quadrant,  u to  form 
upon  it  triangles  similar  to  those  made  by  u skip’s  way  with 
ihemeridifins  and  pnialiois ; the  sides  of  which  iriangles  tie 
measured  by  the  equal  intervals  between  the  concentric 
quadrants  and  tite  liiws  n and  a,  E and  w : every  5th  lino 
and  arch  being  made  dor-ptr  than  the  rest.  Now  suppose 
a ship  ha»  sailed  150  leagues  north-east-by-north,  or 
making  ao  angle  of  53®  45’ with  the  north  part  of  the 
meridmn:  here  are  given  the  course  and  distance  sailed, 
by  which  a triangle  may  be  formed  on  the  instrument 
similar  (o  that  made  by  the  ship's  course  ; and  hence  the 
unknown  parts  of  the  triangle  may  be  found. 

Qvadhajut.  Sw  CoWiiu’s  Quadrant. 

12.  Quadrant  or (fig.  9.  pi.  29)  is  an  ap- 
pendix to  the  artificial  glol>e,  consisting  of  a thin  slip  of 
brass,  the  length  of  a quarter  part  of  one  of  the  great 


circles  of  the  globe,  and  graduated.  At  the  end,  where 
the  division  terminates,  is  a nut  riveted  on,  and  furnished 
with  a screw,  by  means  of  which  the  instrument  U fitted 
on  the  meridian,  and  move.ible  round  upon  the  rivet  to 
all  points  of  the  horizon,  as  reprt'sented  in  the  figure  re- 
fenced  to.  Its  use  is  to  serve  as  a scale  in  measuring  al- 
titudes, umpTitudes,  azimuths,  5rc. 

QUADRANTAL  Triangle,  is  a spherical  triangle, 
which  h:ui  one  side  equal  to  a c|uadrant  or  quarter  part  of 
a circle. 

QUADR.\  r,  called  aUo  Geometrical  fi<fuare,  and  Line 
qf  Shadoicf : it  u often  an  additional  member  on  the  face 
of  Gunter's  and  Sutton's  quadrants;  and  is  chiefly  useful 
in  taking  heights  or  depths.  See  my  .Mensuration,  tho 
chap,  on  altimetry  and  longiinetry,  or  hdghls-and-dis- 
tancci. 

QUADR.ATIC  Equniions,  in  Algebra,  are  those  in 
which  the  unknown  quantity  isof  two  dimensions,  or  raised 
to  the  2d  power.  Quadratic  cquoliotw  are  either  simple, 
or  affected,  that  is  compound. 

A Simple  Quadratic  equation,  is  that  which  conlaios 
the  2d  power  only  of  the  unknown  nuantiiy,  without  any 
other  power  of  it ; as  x’  = 25,  ory’  ah.  And  in  this 
case*,  the  value  of  the  unknown  quantity  U found  by 
barely  extracting  llto  square  root  on  both  sides  of  the 
equation ; thus,  in  the  equations  above,  it  will  be  x s 
± 5,  and  y = ± where  the  sine  of  the  root  of 

the  known  quantity  is  to  be  taken  either  plus  or  minus, 
for  either  of  these  may  he  considered  us  the  sign  of  tho 
value  of  the  root  x,  since  either  of  them,  whenAquared, 
make  the  same  square,  (?+'5)^  = 25,  and  ( — 5)’’  = 25 
also;  and  hence  the  root  of  every  quadratic  or  square, 
has  (wo  values. 

Compound  or  q^rc<cd  Quadratics,  arc  those  which 
contain  both  the  lit  and  2d  powers  of  the  unknown 
quantity ; as  x*  ox  = 6,  or  x*“  — * ux"  = ± 5,  where 
H may  be  of  any  value,  and  then  x”  is  to  be  considered  u 
the  rout  or  unknown  quantity.— Affected  quadratics  are 
usually  distinguished  into  three  forms,  according  to  tho 
sigoa  of  the  terms  of  the  equation  : 

'rhus,  1st  form,  x’  ax  ss  h, 

2d  form,  X*  — ar  » 5,  • 

3d  form,  x*  — ax  « — 5.  * 

But  the  method  of  extracting  the  root,  or  finding  the  valua 
of  the  unknown  quantity  x,  is  the  same  In  all  of  them. 
And  that  method  it  usually  performed  by  whut  is  called 
completing  the  square,  which  is  done  by  taking  half  the 
coefficient  of  the  2d  term  or  single  power  of  the  unknown 
quantity,  thtm  squaring  it,  and  adding  that  square  to  both 
sides  of  the  equation,  which  makes  the  unknown  side  a 
complete  square.  Thus,  in  (he  equation  x’  ax^h, 
the  cueOick'nt  of  (he  2d  term  being  a,  its  half  is  (o,  the 
square  of  which  is  ja',  and  this  added  to  both  sides  of 
equation,  it  becomc*8  x^  «x  -e  -»•  = ^a*5,  tho 
former  side  of  whidi  is  nowr  a complete  square,  and  the 
scond  a known  quantity. 

The; square  being  thus  completed,  its  root  is  next  to  ba 
extracted  ; in  order  to  which,  it  is  to  be  observed  that  tho 
root  on  the  unknown  side  consisU  of  two  tri  ms,  the  om*  of 
which  is  always  x the  square  root  of  the  first  term  of  (he 
equation,  and  the  other  part  is  \a  or  half  the  coefficient 
of  the  second  term  : thus  then  the  root  of  ai 
the  first  side  of  the  completed  equation  being  x 4^, 
aa^therooloftbcutbcrsidc  4^*  5 being^v^(4n”  ^)t 
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il  follows  tliAt  X |a  = •+■  A),  And  hence,'  by 

Iranspostng  lo,  it  ts  x = — iv/Ci**’  4-  &),  the  two 
values  uf  X,  or  the  roots  of  the  given  eqoation  x*  -**  or 
s b.  And  thus  is  found  tb^  rout,  or  value  uf  x,  in  the 
tlirw  forms  of  equations  above  mentioned  : via, 

1st  form  X 53  — {o  ± ^), 

2d  form  X = -i-  4<i  ± -*•  ^)i 

3d  fqim  x ss  ± ~ b). 

>Vhert  it  is  observable  that,  because  of  the  double  sign 
every  form  has  two  roots:  in  the  1st  end  2d  foims 
those  roots  are,  the  one  positive  and  the  other  negative, 
the  positive  root. being  the  less  of  tbu  two  in  the  1st  form, 
but  the  greater  in  the  2d  form ; and  in  the  3d  form  the 
roots  are  both  positive.  Agail^  the  two  roots  of  the  1st 
and  2d  forms,  are  always  both  of  them  real;  -but in  the 
3d  form,  the  two  root!  are  either  both  r«*al  or  both  inm> 
ginAry,  vis,  both  real  when  |o'  is  greater  than  6,  or  both 
imaginaiy  when  in*  is  less  than  b,  b^ausc  in  this  case 

— iwill  be  a negative  quantity,  the  root  of  which  is  im> 
possible,  or  an  imoginury  quantity. 

Rfoinpb:  of  the  1st  furm,  let  x*  <4-  6x  35  J.  Here  then 
a s 6,  and  6 ss  7 ; then  x = — ^ 6)  = 

-3±v^i6=-3±4=s-»-  lof-7. 

Exumpie  o(  the  2d  form,  let  x*  — (ir  = 7.  Here  also 
a s:  6,  an<)  6=7*  then  x = db  ^(1^’  4)  s: 

-♦•3i  4 = -e  7 or  — l;'lhe  same  two 
routs  as  before,  with  the  signs  changed. 

Example  of  the  3d  form,  lot  x’*  — b*x  =:  — 7.  Hero 
again  a =s  6',  and  b = 7;  then  x ss  -t-  {a  ± ^(1^'  — 
t)  = 3 i the  two  routs  both  real. 

But  if  X*  — Ox  = — II  ; then  o ±:  t),  and  6 = II, 
which  gives  X or  -e  ia±  y/  (|«*  — 6)=-»*3±v^  — 2, 
the  two  roots  both  imaginary. 

All  equations  whatever  that  have  only  two  difTereni 
powers  of  the  unknown  quantity,  uf  which  the  index  of  the 
one  is  just  double  that  of  the  other,  are  resolved  like  qua* 
dratics,  by  completing  the  square.  Thus,  the  equation 
X*  flx*  cr  fc,  by  completing  the  square  becomes  -t- 
ox*  }a*  = -h  h ; whence,  extracting  the  root  on 
both  sides,  -»•  |a  as  -»*  6);  therefore  x’  ss 

— i -»*  A),  and  consequently  x as  ± — 

i ^)»  where  the  root  x has  four  values,  be- 
cause the  given  equation  x*  sa  b rises  to  the  4th 

power.  See  Kqu ATidx. 

QLIAUllATUIX,  or  Quadratix,  in  Gcometry,*s  a 
mechanical  line,  by  means  of  which,  right  lines  ore  found 
equal  lo  the  circumference  of  circles,  or  other  curves,  and 
of  the  pulls  of  the  sumo.  Or,  more  accurately,  the 
quadratrix  of  a curve,  is  a transcendental  curve  do- 
scribi'd  on  the  >ame  axis, 
iheordinates  ofwhkh  Ixing 
given,  the  quadrature  ofthc 
correspondent  patts  in  the 
other  curve,  ts  also  given. 

See  Curve.  Thus,  for  ox. 
the  curve  and  may  be 
called  the  quadratrix  uf  the  « 
parabn1aAMC,wbcnlhearea 
APMA  bean  some  such  relational  the  following  to  the  ab- 
sciss AP  or  ordinate  pk,  vix, 

when  APM  = PH®, 

or  APM  S AP  X pw, 
or  APM  S3  o X pw, 
where  a U some  given  coitMant  quantity. 
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The  most  distinguished  of  these  quadratices  are,  thoee 
of  Dinostmtes  and  of  Tscbmtbausen  for  the  circle,  and 
that  of  Mr.  Perks  for  die  hyperbola.  ■ 

QUAim.VTitix  qf  Dtnottraits,  is  a 
curve  A SI  u,  by  which  the  quadra- 
ture of  the  circle  is  i-fTected,  though 
not  geomelricully,  but  only  mechu- 
nicaliy.  It  is  so  called  from  its  in- 
ventor DinoArates;  and  the  gem>»iH 
or  description  of  which  is  as  follows: 

Divfde  the  quadraotal  arc  as  a into 
any  number  of  equal  parts,  in  the 
points  K,  It,  a,  ifc ; and  also  the  radius  ac  into  the  same 
number  of  parts  at  the  points  p,  />,  p,  biC.  To  the  |>oints 
N,  n,  n,  Ac,  draw  the  radii  CK,  cn,  \c ; and  from  the 
points  v,Pf  Ac,  the  parallels  to  cb,  as  pm,  rm,  \'c  : ihen 
through  ail  the  points  of  intcr»<‘0|ion  ilrnw  the  curve 
AMiND,  and  it  will  be  the  quadratrix  of  Dimistrates. 

Or  the  same  curve  may  be  conceiviMl  to  be  described  by 
a continued  motion,  by  conceiving  a radius  cn  to  revolve  • 
with  a uniform  motion  about  the  centre^,  from  the  posi- 
tion AC  to  the  position  ac  ; at  the  same  time  a ruler  pm 
moves  uniformly  parallel  tovrnreis  cn ; then  the  two  uni- 
form motions  being  so  rrgulaied  that  the  radius  and  the 
ruler  shall  arrive  at  the  pxsithin  nc  at  the  same  time;  far 
thus  the  continual  inlerwrtion  M.ni,  ot  the  revolving 
radius,  and  moving  ruler,  will  describe  the  quadratrix  of 
Dinostrates.  Hence, 

1.  For  the  KipiafioH  of  the  ^atiratrix  : &ncc,  from  the 

relation  of  the  uniform  niotions,  it  is  always,  aw  : am  : : 
AC  : AP  ; therefore  if  ah  = a,  ac  s r,^AP  =5  x,  and 
an  z,  it  will  be  a : z : : r : x, or  ox  3:  rz,  w hich is  the 
equation  of  the  curve.  0 

Or,  if  t denote  the  sine  Kp.  of  the  arc  av,  and  y =s  pm 
the  ordinateoftbe  curve  AM,  its  absciss  AP  beingx;  then, 
by  similar  triangles,  cb  : cp  : : en  : pm,  that  is,  (r*\/  — 
r)  : r — X : : a :y,  and  henceyv^f*-®  — a*)  = (r  — x)r, 
tlic  equation  of  the  curve.  And  when  the  relation  be- 
tween ABandAK  is  given,  in  terms  of  that  bctwivn  ac  and  • 
AP,  hence  will  bi»  expressed  the  relEtion  between  thesine 
ER  and  the  radiuscB,  or  » will  Ik-  c.xpiesstd  in  terms  ol' 
r and  x ; and  consequently,  theequatiun  of  tlio  curve  will 
be  expressed  in  terms  of  r,  a,  andy  only.  p 

2.  The  base  of  the  quadnitrix*ci>  is  a third  proportional 

to  the  quadrant  ab  and  the  radius  ac  or  Cb;  i.  e.  cd  : Cfi 
: : CB  : ab.  Hence  the  recuheation  and  quadrature  of 
the  circle.  ^ 

3.  A quadrantal  arc  1>P  described  with  the  centre  c 
and  radius  CD,  will  be  equal  in  length  to  the  radius  ca  or 

CB. 

4.  COP  being  a quadrant  inscribed  in 
the  quadratrix  amd,  if  the  base  cd  be 
= I,  and  the  circular  arc  dg  = x; 

then  is  the  area  cpmd  s=  x — 'x®  — 

9 


— X*  — x^  &C. 

‘i'lS  661s 


Sec  Quadra- 
Also  Emerson's  Curve  Lines, 


TURR. 

pa.  16'. 

Quadratrix  qf  TKltimhaHtetif  is  a transcendental 
curve  AMMB  by  which  the  quadrature  of  the  circle  il 
also  ctfecicd.  This  was  invented  by  M.  Tschimhausen, 
and  its  genesis,  in  imitation  of  that  of  Dio(»strates.  is  as 
follows:  Divi^  the  quadrant  abb,  and  the  radius  ac, 
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each  into  equal  parts,  as  before; 
anJ  from  the  points  p,  p,  draw 
the  lines  pm,  pm,  &c»  pamliel  to- 
CB  ; also  from  the  points  n,  ». 
the  lines  NM,  nm,  parallel  to 
the  other  radius  ac;  so  shall 
all  the  intersections  m,  m,  &c, 
be  in  the  curve  of  the  quadralriic 

AMfflB.  ^ 

N<no  for  the  Equation  of  this  Siuadratrix  ; it  is,  as  befor  * 
AB  : AN  : : AC  : ap,  or  o : a : : r : x,  or  ojt  = fs. 

Or,  because  here  = pm  =s  ek  = r;  therefore  #,  as 
before,  expressed  in  terms  of  r and  x,  gives  the  etjuation  of 
this  ^uadralrix  in  terms  of  r,x,  and  and  that  in  a simpler 
form  than  the  other.  Thus,  from  the  nature  of  the  circle 
and  the  construction  of  the  nuadratrix,  it  is 

oV  X*  sV  - j 
or  s = X — 5p-A*  — -rs-B 


ice. 


. Sr*  **  6 . 7 r* 

where  a,  b,  C,  arc  the  preceding  terms;  which  is  the 
. equation  of  the  quadratrix  of  Tschimhausen. 

By  either  quadratrix,  it  is  evident  that  an  arc  or  angle 
is  easily  divided  into  three,  or  any  other  number  of  equal 
parts ; vis,  by  dividing  the  corresponding  radius,  or  part 
of  it,  into  the  same  number  uf  equal  parts  : fur  an  is  aU 
ways  the  same  part  of  ab,  that  ap  is  ac. 

QUADRATURE,  in  Astronomy,  that  aspect  or  posi- 
tion of  the  moon  when  she  is  pO'  distant  from  the  sun. 
Or,  the  quadratures  or  quarters  ere  the  two  middle  points 
of  the  moon's  orbit  between  the  points  of  conjunction  and 
opposition,  via,  the  points  of  the  1st  and  3d  quarters  ; at 
which  times  the  mooivs  face  shows  half  full,  being  dicho- 
tomized or  bis^ted. 

The  inoon’s  orbit  is  more  convex  in  the  quadratures  than 
in  the  Sytygies,  and  the  greater  axis  of  her  orbit  passes 
through  the  quadratures,  at  which  points  also  she  is  most 
distant  from  the  earth. — In  the  quadratures,  and  within 
33°  of  them,  the  apses  of  the  moon  go  backwards,  or  move 
ill  anteccdciitia  ; but  in  the  syzygirs  the  contrary.— When 
the  nodes  arc  in  the  quadratures,  the  inclination  of  the 
mooirs  orbit  is  greatest,  but  least  when  they  arc  in  thesy- 
fygies. 

Quaoraturs  Lines,  or  Lines  qf  QuAoaATURE,  arc 
two  lines  often  placed  on  Gunter's  sector.  They  are 
znaHed  with  the  letter  q,  and  the  figures  5,  7,  8,  9«  1^  » 

of  whicbQ  denotes  the  side  of  a square,  and  the  figures  de- 
note the  sides  of  polygons  of  5,6, 7,  tkc  sides.  Also  s de- 
notes the  semidiameter  uf  a circle,  and  po  & lirm  equal  to 
thcquadi%nt  or  p0°  in  circumference. 

QvADEATUftB,  in  Gcomctry,  is  the  squaring  of  a fi- 
gure, or  reduemg  it  to  an  equal  square,  or  finding  a square 
equal  to  the  area  of  it.— The  quadrature  of  rectilineal 
figures  falls  under  common  geometry,  or  mensuration  ; as 
amounting  to  no  more  than  the  finding  their  areas,  or  su- 
perficies ; which  are  in  cfioct  their  squares:  which  was 
fully  effected  by  Euclid. 

The  Quad&atvre  of  Carver,  that  is,  the  measuring  of 
their  areas,  or  the  finding  a rectilineal  space  equal  to  a 
proposed  curvilineal  one,  is  a matter  of  much  deeper  spe- 
cul^tiou  ; and  makes  a part  of  the  sublime  or  higher  geo- 
Bsetry.  The  lunes  of  Hypocrates  are  the  first  curves  that 
were  squared,  as  far  as  we  know.  The  circle  was  attempted 
by  Euclid  and  others  before  him : be  showed  indeed  the 
proportion  of  one  circle  to  aiioibcr,  and  gave  a good  me- 
thod of  approximating  to  the  area  of  the  circle,  by  de- 


scribing a polygon  between  any  two  concentric  circles, 
however  near  their  circumferences  might  bo  to  each  other. 
At  that  lime  the  conic  actions  were  admitted  into  geome- 
try, and  Archimedes,  perfectly,  for  the  first  time,  squared 
the  parabola,  and  he  deterniined  the  relations  of  spheres, 
spheroids,  and  conoids,  to  cylinders  nnd  cones;  and  by 
pursuing  the  method  of  exhaustions,  or  by  incuns  of  in- 
scribed and  circumscribed  polygons,  he  approximated  to 
the  j)criphery  and  area  of  the  circle;  showing  that  the 
diameur  is  to  the  circumference  nearly  ns  7 to  23,  and 
the  art'u  of  the  circle  to  the  square  of  the  diameter  as  J 1 
to  14  nearly.  .Archimedes  also  determined  the  relation 
between  the  circle  and  eilipe,  as  well  as  that  of  their  simi- 
lar parts:  and  it  is  probable  also  that  he  attcmpli'd  the 
hyperbola  ; but  it  is  not  likely  that  he  met  with  any  suc- 
cess, since  approximations  to  its  area  nre  all  that  can  be 
given  by  the  various  methods  that  have  since  U'cn  invent- 
ed.. Besides  these  figures,  he  left  a treatise  on  a spiral 
curve;  in  which  he  determined  the  relation  of  its  area  to 
that  of  the  circumscribed  circle;  as  also  the  relation  of 
their  sectors. 

Several  other  eminent  men  among  the  ancients  wrote 
upon  this  subject,  both  before  and  after  Euclid  and  Archi- 
medes ; but  tbeir  attempts  were  usually  confined  to  par- 
ticular parts  of  it,  and  made  according  to  methods  not  es- 
sentially different  from  theirs.  Among  these  are  to  be 
reckoned  Thales,  Anax^oras,  Pythagoras,  Bryson,  Anti- 
phon, Hippocrates  of  Chios,  Plato,  Apollonius,  Philo,  and 
Ptolemy;  most  of  whom  wrote  upon  the  quadrature  of 
the  circle;  and  those  after  Archimedes,  by  his  method, 
usually  extended  the  approximation  to  a further  degree  of 
accuracy. 

Many  of  the  moderns  have  also  prosecuted  the  same 
problem  of  the  quadratoro  of  the  circle,  after  the  same 
meiboils,  to  still  greater  lengths  ; such  arc  Vieta,  and 
Metiui ; whose  ratio  between  thediameler  and  the  circum- 
ference, is  that  of  1 13  to  355,  which  is  within  about 

of  the  true  ratio;  but  above  at),  Ludolph  van 

loooooou  ‘ ^ 

Ceulen,  or  Cologne,  who,  with  an  amazing  degree  of  in- 
dustry and  patience,  by  the  same  methods,  extended  the 
ratio  to  36  places  of  figures,  making  the  ratio  to  be  that  of 
1 to3*  14159,  26535,  89793,23840,26433, 83273,  50288 
-V-  or  9 — . 

Of  this  labour,  which  was  rather  the  exercise  of  pa- 
tience than  his  ingenuity,  he  was  so  proud,  that,  after  the 
example  of  the  profound  geometrician  of  Syracuse,  with 
respect  to  the  sphere  and  cylinder,  he  requested  it  might 
be  inscribed  on  his  tombstone,  and  it  is  said  that  this 
monument  of  his  patient  industry  is  still  to  be  seen  in  one 
of  the  towns  of  Flanders.  Willebrode  Snell,  the  editor 
of  Van  Ceulen,  also  made  si'veral  additions  to  what  had 
been  previously  done  on  ibis  subject.  He  discovcicd  and 
published  in  his  work,  entitlod  Cyclometrize,  the  method 
of  expressing,  by  an  approximate  proportion,  and  a very 
simple  calculation,  the  magnitude  of  any  arc;  aud  he 
made  use  of  this  method  in  examining  the  calculation  of 
Van  Ceulen,  which  he  found  to  be  corn'ct.  By  this 
method  be  also  calculated  a series  of  both  inscribed  and 
circumscribed  polygons,  beginning  with  the  decagon,  and 
always  doubling  the  number  of  aides,  until  the  iium.bcr 
was  5242880;  and  ranged  the  results  of  his  compula- 
tions in  a table,  for  the  purpose  of  detecting  the  falsity 
of  any  pretended  quadrature  df.  tbc  circle.  The  cclc- 
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brated  Huygens,  when  very  young,  enriched  this  measure 
, of  the  circle  with  several  new  iheoreins  j and  successfully 
combalrd  the  pretended  quadrature  of  Gregory  St.  Vin- 
oent,  a Jesuit  of  the  Netherlands,  who  announced  hts  dis- 
covery as  only  wanting  a few  calculations  to  render  it 
Complete,  but  which  he  dexterously  forgot  to  perform. 
James  Gregory  and  Leibnitz,  about  the  seme  time,  dis- 
coveretl,  independent  of  each  other,  a very  simple  series 
for  expressing  the  length  of  an  are  of  a circle,  and  which 
tras  first  given  ia  a letter  oj  the  15th  of  February  16'7I, 
from  Gregory  to  Mr.  ColltlM.  If  a be  an  arc,  I its  tun- 
gent,  and  r the  radius,  then  ' 

« = ' « - But 


the  arc  must  not  be  a»umct]  greater  than  half  n quadrant, 
olierwise  the  scries  will  not  converge.  Dr.  Halley  also  dis- 
covered* simple  series  for  expressing  the  arc  of  30*^  i which 


ij,  fl  = ^ j 
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and  which  converges  very  quickly,  and  being  multiplial 
by  12, gives  the  whole  circumference.  Mr.  Sharp,  an  F.ii- 
glish  mnlhcmalician,  in  Ib'()9>  undertook  the  quadrature 
of  the  circle  for  his  own  private  amusement,  and  deduced 
it  from  two  different  series,  by  which  the  truth  of  it  was 
proved  to  72  places  of  figures.  But  Mr.  John  Machin, 
professor  of  astronomy  in  Gresham  College,  discovered 
another  very  expeditious  series  for  expressing  the  length 
of  the  circumference  of  a circle,  depending  on  the  dif- 
ferences of  arcs,  the  tangents  of  which  have  certain  rela- 
tions to  each  other,  and  thus  extended  Mr.  Sharp's  num- 
ber to  lOO  places  of  figures.  And  .M.  Dc  Lagny,a  French 
matiiematician,  continued  thi^  computation  to  128 
places  of  figures;  on' which  Montucia  has  observed,  that, 
“ if  we  suppose  a circle,  the  diameter  of  which  is  a thou- 
sand millions  of  times  greater  than  the  distance  between 
the  sun  and  the  earth,  the  error  in  the  circumference 
would  be  a thousand  millions  of  times  less  than  the  thick- 
ness of  a hair.”  Nay,  it  it  even  possible  to  surpass  this, 
and  Euler  has  poinU-d  out  the  method  of  accomplishing 
it,  in  thcTntnsactioiisof  the  Imperial  Academy  of  Sciences 
at  Petersburg;  but  any  thing  farther  than  what  has  been 
done,  could  only  be  considered  as  superfluous  labour. 
I have  alto  given  several  series  for  the  same  purpose-, 
which  converge  much  easier  and  quicker  than  any  others ; 
some  of  which  may  be  seen  in  my  Mensuration,  and  more 
especially  in  my'Fracu,  vol.  1,  pa.  2b'8. 

While  these,  and  other  mathematicians,  were  extend- 
ing the  approximative  methods  for  finding  the  circum- 
ference and  area  of  the  circle,  some  were  endeavouring  to 
oblain,  and  even  asserting  that  they  had  obtained,  their 
true  me'asures ; at  the  tame  time  others  were  denying  the 
possibility  of  exhibiting  the  true  ratio.  Mr.  James  Gre- 
gory undertook,  in  1068,  to  demonstrate  the  absolute 
impossibility  of  the  quadrature  of  the  circle.  This  he 
did  by  a very  ingenious  method  of  reasoning,  which 
might  deserve  to  be  better  examined.  However  it  did 
not  meet  with  the  approbation  of  .Mr.  Huygens;  which 
produced  a very  warm  dispute  between  these  two  geo- 
metricians. Mr.  Gregory  gave  also  some  ingenious  me- 
thods for  approaching  near  to  the  measure  of  the  circle, 
and  even  to  that  of  the  hyperbola.  Dr.  Barrow  and  se- 
veral other  persons  have  also  attempted  the  demonstra- 
tion of  the  same  impossibility,  with  various  degrees  of  luc- 
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cess.  Of  this  Utter  opinion  was  the  celebrated  Dr.  Bar- 
row.  who  in  his  mathematical  lecture,  observes,  that  the 
radius  and  circumference  of  a circle  are  lines  of  such  a 
nature  as  to  be  not  only  incommensurable  in  length  and 
square,  but  also  in  cube.hiquadrate.and  all  higher  powers 
to  infinity.  But,  norwiihstaiiding  the  attempts  of  Dr 
Bartow,  and  many  other  celebrated  mathematicians,  to' 
prove  the  absolute  impossibility  of  resolving  ibis  interest- 
ing problem,  they  have  been  as  unsuccessful  on  this  head 
as  those  who  have  endeavoured  to  find  its  true  quadrature. 
Lcgendtgs  however,  in  the  fourth  note  prefixi-d  to  his 
Geometry,  has  proved  that  the  ratio  of  the  circumfcmica 
to  the  diameter,  and  its  square,  are  irrational  numbers. 
Besides  the  efforts  above  enumerated,  which  were  made 
principally  by  men  of  great  ulenis,  many  other  vain  at- 
tempts at  squaring  the  circle  have  been  made  by  men  of 
less  acquirements  than  vanity,  who  have  endeavoured  to 
persuade  us  that  they  had  discovered  the  true  quadrature 
of  the  circle,  which  so  many  able  mathematicians  had 
so  long  sought  in  vain  ; aixl  achMe  piMetuions,  like  fall- 
ing stars,  attracted  notice  for  a Boroeak,  and  then,  like 
them,  sank  into  eternal  oblivian.  The  first  among  the 
moderns  who  preMnded  to  have  solved  this  problem,  was 
Cardinal  dc  Cusa.  He  railed  a cylinder  over  a plane, 
till  the  point  which  first  was  in  contact  with  it  touched’ 
it  again;  and  then,  hy  a train  of  reasoning,  wholly  desti- 
lule  of  geometrical  precision,  he  endeavoured  to  dcicr- 
miM  the  length  of  a line  thus  described  ; hut  he  was 
easily  refuted  by  K^omooianus  about  1463.  Near  a 
century  after,  Oronlius  Finseus  attracted  notice  by  hit 
parallogisms  on  this  subject  ; but  the  fallacy  of  his  ren-' 
soning  was  clearly  shown  hy  I'eter  Nunez,  and  J.  Bo- 
relli.  The  celebrated  Joseph  Scaliger  also  ranks  under 
this  class;  who  having  no  great  esteem  for  geometricians, 
he  endeavoured  to  show  them  his  superiority,  in  under- 
taking, by  way  of  amusement,  tbe  quadrature  of  the  cir- 
cle, and  seriously  imagined  that  ho  had  obtained  it;  but 
Victa,  Claviiis,  and  others,  found  no  difficulty  in  refuttni 
him.  Longomontanus,  the  celebrated  Danish  ai*-oiiu» 
mer,  was  also  of  the  number  who  asserted  he  had  ooGaia- 
ed  a finite  ratio  between  the  diameter  and  circum- 
ference, which  was  exactly  1 to  3T4I85.  And  our 
countryman,  Mr.  Hobbes,  also  rendered  himself  remark- 
able as  a member  of  this  class,  but  his  pretensions  were 
refated  by  Dr.  Wallift.  Oliver  dc  Serres  weighed  a cir^ 
cle,  and  a irianglc  equal  to  the  equilateral  inscribed 
triangle,  and  believed  that  the  one  waa  exactly  double  of 
the  others;  but  a ver^  little  knowledge  of  ih.#  subject 
would  have  been  lofficieiit  to  have  shown  him,  that  the 
double  of  this  triangle  is  the  hexagon  inscribed  in  the 
same  circle*  It  would  be  terlious  and  uninteresting  to 
go  through  the  history  of  all  these  pretended  quadra- 
tures, the  authors  of  which  would  at  this  day  have  been 
totally  unknown,  bad  they  not  erected  a moriurnent  to 
their  own  ignorance  and  vanity,  by  attempting  that  which 
they  were  totally  unacquainted  with.  Wc  shall,  however, 
for  the  amusement  of  the  reader,  furnish  him  with  a few 
more  anecdotes  on  this  head,  in  order  to  show  to  what  a 
degree  of  entbusiasm  some  have  suffered  themselves  to 
be  carried  in  their  erroneous  speculations.  One  Maihu" 
Ion,  who  from  being  a manufacturer  of  ituft  at  Lyons, 
commenced  geometer,  claimed  the  merit  of  havir^  solved 
this  problem,  and  deposited  ftWK)  crowns  as  a reward  for 
the  person  wbo  should  prove  that  his  solution  was  not 
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cornecl;  which  va»  4onu  by  M.  Nicole«  a member  of 
ibc  French  Ac4d<  my  «»f  Science*,  who  gtivc  -the  reward 
to  the  General  H(i>pital  at  Lyon*  ; and  a »iiiiilar  circum- 
stance iiappcneti  kome  time  aficrwardu  : a Fu'iichmati  an- 
nounceti  the  quadraiurc  of  the  circle,  ami  challcuged  the 
whole  wurhi  to  refute  himi  arul  rfeptisitcd  10,000  livrt'i 
fr>r  nny  |>er»on  who  »bou)ti  do  it.  Thi*  grand  prubictn  he 
reduced  to  tin*  inocbunical  of  dividing  a circle  in- 

to quitdmnla,  and  then  turning  these  uith  their  angle* 
oulwardti,  $u  a*  lu  form  u square,  which  be  aa&i-rtcd  to 
bi»  equal  to  the  circle.  Three  [wnums  claimed  llic  re- 
ward, and  the  cau»e  was  tried  at  the  Cbatelet  of  Pans; 
but  the  judge*  thought  a pe  rson**  I'ortutic  ouabi  not  to  be 
dim|j»i«hed  on  account  of  the  error  of  bis  judgment,  un- 
less they  were  prejudicial  to  society  : wberem  the  king 
decreed  ibnt  the  proposal  should  be  void  : and  the  Aca* 
demy  of  Sciences  recommended  him  to  study  the  ele- 
ments of  geometry  ; but  still  be  funded  that  future  ages 
would  bluab  f<ir  the  injustice  that  was  done  him.  M.  lx 
Roliborge*  dc  Vausenatlie«  ip  a work,  entitled,  **  Consul- 
tation feur  la  (juadrat^ra  du  Cercle,''  inquires  of  a ma- 
thematician if  tho.^adraturr  of  the  circle  would  not 
be  obtained  if  arty  tsmajis  were  di  vi»od  for  boding  tbc 
centre  of  gravity  of  a aectpr  of  a circle  in  common  pari* 
of  the  radius  and  tbc  circiiraference  of  the  »amc  circle; 
the  meaning  of  .thU  la*t  clause  is  not  clear,  but  it  may 
be  ubscrv'cd  that  when  this  can  U*  done  wilhout  the  arc 
being  otic  of  the  terms,  tbc  business  will  bu  accom- 
ptikhed. 

Tbc  preceding  example*,  one  might  suppose,  would  be 
auflicient  for  deterring  men  from  farther  pursuing  this 
hopdrs*  speculation  ; yet  such  is  the  weakness  und  vanity 
of  some  pretenders  to  science,  that  hope*  are  still  enter- 
taincii  by  them  of  obtainirq^  the  solution  wiibin  very  nar- 
row limits.  Wc  have  an  instance  of  this  infatuatiim  in 
Signor  Kossi,  an  Italian  attorney,  who  visited  London 
about  live  year*  ago.  to  claim  the  reward  of  his  ingenuity 
in  squaring  the  circle;  but,  unfortunately,  it  rested  upon 
the  supposition  that  the  side  of  a square  is  to  it*  diago- 
nal as  S to  7y  OT  in  other  words  that  49  is  equal  to 
he  was,  notwithstandiug,  very  much  dissatis^nl  at  not 
n^ceiving  the  reward  he  fancied  biraself  entitled  to, 
and  returned  with  a perfect  conviction  that  tbc  blngUsb 
bad  not  doive  him  justice.  Sec  my  Translation  of  Mon- 
tuciu’s  Recix-atjons,  vol.  1,  pa.  ^d  edition. 

But  though  a dehnite  quadrature  of  the  wbok  circle 
wa«  never  yet  given,  nor  of  any  aliquot  part  of  it ; yet 
certain  other  portions  of  it  have  6**00  squared.  The  first 
partial  quadrature  was  given  by  Hippocrates  of  Chios; 
who  squared  a portion  called,  from  its  figure,  the  Lune, 
or  Lunule;  but  this  quadrature  has  no  dependence  on 
lliat  of  the  circle.  And  some  modern  geometricians  have 
found  the  quadrature  of  any  portion  of  the  luue  taken  at 
pleasure,  it^epondently  of  ibe  quadrature  of  the  circle; 
though  vtill  subject  to  a certain  restriction,  which  pre- 
vents mHc  quadrature  from  being  pcrfi*ct,  and  what  the 
gonmetriciaiM  call  absolute  and  iiidefimte.  See  Luke. 
And  for  the  quadrature  of  the  different  kinds  of  curves, 
see  their  severml  particular  names. 

QuAPRATUnr.*  by  FiuTioiu.-^The  most  general  me- 
tho*l  of  quadratures  yet  discovered,  is  that  of  Newton, 
by  m*-an*  of  fluxions,  and  is  as  follows,  ac  being  any 
eurv**  ir>  be  squared,  a a an  absciss,  and  bc  an  ordi- 
RRtc  perpendicular  to  it,  aUo  bc  another  orduuste  inde- 


finitely near  to  the  former.  Putting 

AB  s X,  uud  BC  = y ; then  is  ? . 

b6  s X the  fin.xiou  of  the  absciss, 
and  yx  a cb  the  fluxion  of  the  area 
ABC  sought.  Now  let  the  value  of 
the  ordinate  y be  found  in  terms  of  ^ 
the  absciss  x,  or  in  a fuitelian  of  the  absciss,  and  let 
that  function  be  called  X,  that  is  y ss  x ; then  substitu- 
ting X for  y in  yx,  gives  xx  the  fluxion  of  the  area ; 
and  the  fluent  of  this,  bumg  taki-n,  giv***  the  area  or  qua- 
drature of  ABC  as  required,  for  any  curve,  whatever  itf 
nnltire  may  be. 

Kx.  Suppose,  for  example,  ac  to  bc  a common  para- 
bola ; then  its  equation  is  /jj  =s  y*,  wliere  p is  the  para- 
meter; which  givesy  = ^J>x,  the  value  of  y in  a fwic- 
tioii  of  X,  and  is  what  is  culled  \ above;  hence  tl^-n 

yi  = = p^x^x  is  the  flu-xion  of  the  area;  and 

the  fluent  of  this  is  =r  ^xy'pz  = |ry  =s  | of  the 

circumscribing  rectangle  bo  ; which  therefore  is  the 
quadrature  of  the-parabola. 

Again,  if  ac  be  a circle  whose  diameter  is  d;  then  its 
equation  is  y*  dx  — x^,  which  gives y =r  y/^dj— x*), 
and  the  fluxion  of  the  areayx  sr  x*).  Bm  us 

the  fluent  of  this  cannot  be  found  in  finite  terms,  the 
quantity  y'fdx— x*)  is  developed  or  tb’iown  intu  a se- 
ries, and  then  the  fluxion  of  the  area  is  yx  s=  xv^(dx  — x*) 

= ATv'Jr  « 0 - &c)  ; aod  the 

fluent  of  this  gives  x*/dx  x 

' J > ' ^ 4 7 ’ rf*  4A.V  ‘ 4‘ 

the  general  expression  of  the  area  abc.  Now  when  the 

space  becomes  a semicircle,  x becomes  = d,  and  then  the 

seiies  above  becomes  d*f-^  — — -J L2.  Ad 

for  the  area  of  the  semicircle  whose  diameter  is  d. 

In  spirals  car,  or  any  curves  referred  to  a centre  c ; 
pulling  y = any  radius  cr,  x = bx  the  arc  of  a circU 
described  about  the  centre  c,  ^at 
any  distance  cii  = o,  and  car 
another  ray  indefinitely  near  CNR  : 
then  4cK  . xn  =s  ^ax  = exa,  ami 
by  sim.  fig.  cn*  : ca*  or  : y*  : ; 

CNn  ; s car  the  fluxion  of 

lhe*area  described  by  the  revolving 
ray  ch  ; then  the  fluent  of  this,  for 
any  particular  cose,  will  be  the  quadrature  of  the  spiral. 
So  if,  fur  instance,  it  bc  Archimedes’s  spiral,  in  which  x : 
y in  a constant  ratio,  suppose  as  m : n,  or  wy  =s  nx,  and 

V*  = ; hence  then  cur  zz  — — — the  flu.sioii 

m U8  ftum  , 

of  (he  area ; the  flueiil  of  which  h “ -2l  ilie 


general  quadrature  of  the  spiral  of  Archimedes. 

QUADRIBLK.  Squaiable. 

QUADHILATF.U.^L,  or  Quadrilateral  Fi^ure^ 
is  H figure  cumprehcndi'd  by  four  right  lines;  and  iniving 
consequently  also  four  aisles;  lor  which  reason  it  is 
otherwise  called  a quiidrangle.  The  gciu-ral  term  qua- 
drilateral cumprebends  thrs**  sevnul  putliculai  sptci***  or 
figures,  vis,  the  square,  parallelogram,  rectangle,  rhom- 
bus, rhoinboidcs,  and  trupcziuai.  if  ibu  opposite  sides 
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br  parallel,  th«  qua<}ri1atcml  is  a paruUnlctcram.  If  tlie 
p»r«iiek>gr«m  have  tU  unfit's  right  ones,  it  is  a rectangle ; 
il'obli(|Ue,  It  is  an  obMquc  one.  The  rectangle  having  all 
in  si<i<«  equal,  becoim*s  a square;  and  the  oblique  |Mirhl> 
lelugram  having  all  its  sides  equal,  U a fh<»iiibus,  but  tf 
oidy  the  up^Hjsites  be  equal,  it  is  a ihoniboides.  All 
•ther  forms  of  the  quadniatemi,  arc  (rnpeiiuuis,  in> 
eluding  all  the  irregular  shapes  of  it. 

The  sum  of  alt  the  four  angti*s  of  nay  qiiadrilatcrni,  is 
equal  to  4 right  angles.  Also,  the  two  uppusile  angles  nf 
a quadrilateral  inscribed  in  a circle,  taken  together,  are 
equal  to  two  right  angles.  And  in  this  case  the  rectnngie 
* of  the  two  diiigonais  is  cqiuil  to  the  sunt  of  the  tuu 
rectangles  of  the  opposite  sides.  For  the  properties  of 
the  particular  species  of  quadrilaterals,  sec  their  respec- 
tive names,  Sqvarb,  Rictanolk,  Parallelo- 
gram, Rhombus,  Rhombuides,  Trapezium,  and 
Trapezoid. 

QUADRIPARTITION,  is  the  dividing  by  4-,  or  into 
four  equal  parts. 

QUADRUPLK,  is  four-fold,  or  something  taken  four 
times,  nr  multiplied  by  4. 

QUALITY,  denotes  j^-ncrally  the  property  or  alTec. 
tion  of  some  being,  by  which  it  affects  our  senses  in  a 
certain  way,  (cc. 

Sensibie  Qualities  are  such  as  are  the  more  imme- 
diate object  of  the  senses : as  hgurc,  taste,  colour,  smell, 
hardness,  See. 

Occult  Qualities,  among  , the  ancients,  were  such  as 
did  not  admit  of  a rational  solution  in  their  way. 

Dr.  KHl  demonstrates,  that  every  quality  which  it  pro- 
pagated in  orbem,  such  as  light,  heat,  cold,  odour,  dec, 
has  its  efficacy  or  intensity  either  increMrd,or  decrraM-d, 
in  a duplicate  ratio  of  the  d|»taiicet  from  the  ciiuro  of 
radiation  invcrsrly.  So  at  double  the  duKunce  i'rom  the 
earth's  centre,  or  from  u luminous  or  hot  botly.  the  weight 
or  light  or  beat,  is  but  a 4th  piit ; and  nt  3 times  the 
distance,  they  arc  $ limes  less,  or  a 9<h  part,  6cc. 

Sir  Isaac  Newton  lays  it  down  as  one  of  the  rules  of 
philos4»|diiaing,  that  those  qua)itii*s  of  bodies  that  are  in- 
capable of  bidng  imended  and  reiniticd,  and  which  arc 
found  to  obtain  fn  all  iHKiics  on  which  experiment  could 
i-ver  be  tried,  arc  to  be  esteenu'<Funiversal  qualities  of  all 
b«Kli**s.  — 

Qu .iLiTV  Vurvainre,  in  the  higher  Gcoraciry,  is 
used  to  signify  its  form,  as  it  is  more  or  less  inequable,  or 
as  it  is  varied  more  or  less  in  its  progress  through  diffe- 
ixmt  parts  of  the  curve.  Newlon*s  MetluHl  uf  Flu.\iorw, 
pa.  75;  and  Maclaurin’s  Fluxions,  art.  369. 

QUANTITY,  denotes  any  thing  capable  of  estimation, 
or  mensuration  ; or  which,  being  compared  with  another 
thing  of  the  same  kind,  may  be  said  to  be  either  greater 
or  les>,  equal  or  unequal  to  it.  .Mathematics  is  the  doc- 
trine or  science  of  quantity. 

hh^sical  or  Saturnl  Quaxtittv  is  of  two  kinds;  1st, 
that  which  nature  exhibits  in  mutter,  and  its  e.x tension  ; 
aifff  2d)y, in  the  powers  ami  properties  of  natural  bodies; 
a.s  gravity,  motion,  light,  beat,  cidd,  density,  ^c.  Quan- 
tity is  popularly  dbiinguished  into  continued  and  dis- 
crete. 

Continued  Quantity,  is  when  the  ports  are  connect- 
ed together,  and  is  commonly  called  magnitude ; which 
is  the  object  of  geometry.  * 

•*  Discrete  Quaktity,  is  when  the  parts^  of  which  it 


consists,  exist  distinctly,  and  unconnected ; which  makes 
what  is  called  multitude  or  number,  tbo  object  of  arith- 
metic. 

The  notion  of  continued  quantity,  and  its  diffirence 
from  discrete,  appoara  to  some  without  fuundstiuiL.  Mr. 
Alachin  considers  ail  matboinatica)  quantity,  or  that  for 
which  any  symbol  is  put,  as  nothing^else  but  number, 
with  regard  to  some  measure,  which  is  considered  u«  l ; 
for  that  wc  know  nothing  prccinly  how  much  any  thing 
is,  but  by  means  of  nuinl^r.  The  notion  of'eontinued 
quantity,  without  regard  to  some  meusure,  is  indistinct 
and  confused  ; and  though  some  spi-cies  of  such  quantity, 
c»msideri.*<l  physically,  may  be  described  by  motion,  as 
lines  by  the  motibti  of  points,  and  surfact>s  by  the  mo- 
tion of  lines  ; yet  the  magnitudes,  or  mathematical  quatw 
tities,  are  not  made  by  the  motion,  but  by  numbering 
according  to  a measure.  Philos.  Trans,  numb.  447,  po. 
228. 

Quantity  of  /Action.  See  Action. 

Quantity  q/" Curvature  at  any  point  of  a curve  is  do- 
termined  by  the  circle  of  curvature  at  that  point,  and  ia 
reciprocally  proportional  to  the  radius  of  curvature. 

Quantity  Matter  in  any  body,  is  its  measure 
arising  from  the  joint  consideration  of  its  magnitudo  and 
density,  being  e.xpressed  by,  or  proportional  to  the  pro- 
duct of-the  two.  So, 

if  M and  1*1  denote  the  magnitude  of  two  bodies, 

and  n and  d their  densities ; 

then  OM  and  dot  wiH  be  as  their  quanitlies  ofmalter^ 
The  quantity  of  matter  of  a body  is  best  discovered  by 
its  absolute  weight,  tu  which  it  is  always  proportiomii, 
and  by  which  it  is  measured. 

Quantity  of  Motion,  or  the  Momentum^  of  any  body, 
h its  measure  arising  from  the  joint  consideration  of  its 
quantity,  and  the  velocity  with  which  it  moves.  So, 
if  <j  denote  the  quantity  of  matter, 
and  t>  the  velocity  of  any  body  ; 
then  (fo  will  be  its  quantity  of  motion. 

Quantities,  in  Algebra,  are  the  expressions  of  indeff- 
nitc  numbers,  that  are  usually  rt'presonted  by  h^Uefu. 
Quantities  are  properly  the  subject  of  algebra;  which 
convists  ill  the  computation  of  such  quantities. 

Algebraic  quantities  arc  either  given  and  known,  or 
else  they  are  unknown  and  sought.  The  given  or  kooMui 
quantities  are  usually  represented  by  the  first  letters  of 
the  alphabet,  as  o,  6,  c,  d,  c,  See,  nnd  the  unknown  or 
required  quantities,  by  the  lost  letters,  as  «,  y,  x,  u*, 
See.  and  also  indeterminate,  or  such  as  may  be  assumed 
at  plcosuri't  by  some  of  4be  middle  letters,  as  «,  n,  p, 
See. 

Again,  algebraic  quantities  arc  cilher  positive  or  nega- 
tive.>— A positive  or  affirmative  quantity,  is  one  that  is  to 
be  added,  and  has  the  sign  -e  or  plus  prefixixl,  or  under- 
stood ; as  o6  or  -roA.  And  a negativi*  or  privative  quan- 
tity, is  one  that  is  to  be  subtract^,  and  has  the  sign  — 
or  minus  prefixed  ; as  — a5.  / 

QUAR*r,  a mcastfre  of  capnicity,  being  the  quarter  or 
4th  part  of  some  other  measure.  The  Knglish  quart  is 
the  4th  part  of  the  gallon,  and  contains  two  pints.  The 
Roman  quart,  or  quartarius,  was  the  «4th  pare  of  their 
congius.  The  French  had,  bciides  their  quart  or  pot  of 
two  pints,  various  other  quarts,  distinguished  by  the 
w hole  of  which  they  arc  quarters ; as  quart  de  rouid,  aud 
quart  de  boisocau. 
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QUARTER)  the  4th  p^irt  of  a whole,  or  one  part  of  an 
iaiegt-r,  which  is  divided  into  four  equal  portions. 

Quartik,  in  weights,  is  the  4th  part  of  the  quintal,  or 
hundred  weight;  and  so  contains  28  pounds. 

QvAftTEa  is  also  a dry  mcasun\  containing  of  com  8 
bushels  striked  ; ami  of  coals  the  4th  part  of  a chaldron. 

Quarter,  in  Astronomy  ; the  moon's  ptTiod,  or  luna* 
tion,  is  divided  into  4 stages  or  quarters,  each  containing 
between  7 and  8 days.  The  iSr'jl  quarter  is  from  the  new 
moon  to  the  quadrature ; the  second  i*  from  thence  to 
the  full  moon,  and  so  on. 

Quarter,  in  >iavigation,  is  the  quarter  or  4th  part 
of  a point,  wind,  or  rhomb;  or  of  the  distance  between 
two  points  &c.  The  quarter  contains  am  arch  of  2^  48' 
45",  being  the  4th  pari  of  1 1°  15',  which  is  one  point 

Quarter  HouJid,  in  Architecture,  is  a term  used  by 
the  workmen  for  any  projecting  moulding,  whose  contour 
is  a quarter  of  a circle,  or  nearly  so. 

QUARTILE,  an  aspect  of  the  planets  when  they  are 
at  the  distance  of  3 signs  or  90*^  from  each  other  : and  is 
denoted  by  the  character  □ . 

QUEUE  d'Auonde,  or  Sa<^Unv’$  Tail,  in  Fortihea* 
tion,  is  a detached  oroutwurk,  whose  sides  spread  or  open 
towards  the  campaign,  or  draw  narrower  and  closer  to* 
wards  ihe  gorge.  Of  this  kind  are  cither  single  or  double 
lciuulles,and  some  horn-works,  whose  sides  are  nut  paral- 
lel, but  are  narrow  at  the  gorge,  and  open  at  the  head, 
like  the  figure  of  a swallow’s  tail.  On  the  contrary,  when 
the  sides  are  less  than  liic  gorge,  the  work  is  called  contre 
Queue  d’aronde. 

Queue  d*Arotuie,  in  Carpentry,  a method  of  jointing, 
called  also  dove*tailing. 

QUICKSILVER,  the  same  as  Mercurt  ; which  see. 

QUINCUNX,  in  Astronomy,  is  that  position,  or 
aspect,  of  the  planets,  when  distant  from  each  other  by 
•^ths  of  the  whole  circle,  or  5 signs  out  of  the  12,  that 
IS  150  degrees.  The  quincunx  is  marked  Q,  or  Vc. 

QUINDKCAGON,  is  a plane  figure  of  15  sides,  and 
consequently  the  same  nnnibrr  of  angles.  When  those 
are  all  equal,  it  is  a regular  quindecagon,  otherwise  not. 
Euclid  shows  how  to  inscribe  this  figure  in  a circle,  prop. 


QUO 

l6,  lib.  4.  And  the  side  of  a regular  quindecagon,  to 
inscribed,  is  equal  in  power  to  the  half  didcrcnce  between 
the  side  of  the  equilateral  triangle,  and  the  side  of  the 
pmtagon ; and  also  the  difference  of  the  pcrpeodiculan 
let  fall  on  both  aides,  taken  together. 

QUlNQUAGESIMA-SuAdqy,  is  the  same  as  Shrove- 
Sunday,  and  is  so  called  as  being  about  the  50th  day  be- 
fore Easier,  being  indeed  llie  7tb  Sunday  before  iu  Ar>- 
ciently  the  term  quinquagrsiioa  was  used  for  Whitsunday, 
and  furthc50days  between  Easter  and  Whitnunda)  ; but  to 
distinguish  this  quinquagesima  from  that  before  Easter,  it 
was  callerl  the  paschal  quinquagesima. 

QUINQL'EANCLED,  or  Quinqueamgular,  con- 
sisting of  5 angles. 

QUINTAL,  the  weight  of  a hundred  pounds,  in  most 
countries;  but  in  England  it  is  the  hundred  wpight,  or 
] 12  pounds.  Quintal  was  also  formerly  used  fora  weight 
of  lead,  iron,  or  other  common  roelul,  usually  equal  to  a 
hundred  pounds,  at  6 score  to  the  htmdrvd. 

QUINTILE,  in  Astronomy,  an  aspect.of  the  planets 
when  they  arc  distant  the  5tb  part  of  the  zodiac,  or  72 
degrees;  and  is  marked  thus,  c, or  o. 

QUINTUPLE,  5 limes  as  much  as  another  thing. 

QUOIN,  in  Architecture,  an  angle  or  corner  of  stone 
or  brick  walls.  When  these  stand  out  beyond  the  rest  of 
the  wall,  their  edges  being  chamierred  off,  they  are  called 
rustic  quoins. 

Quoix,  in  Artillery,  is  a loose  wedge  of  wood,  which 
is  put  in  below  the  breech  of  a cannon,  to  raise  or  depress 
it  more  or  less. 

QUOTIENT,  in  Arithmetic,  it  the  result  of  the  ope- 
ration of  division,  or  the  number  that  arises  by  dividing 
the  dividend  by  the  divisor,  showing  how  often  the  latter 
is  contained  in  the  former,  'ITius  the  quotient  of  12  di- 
vided by  3 is  4;  which  is  usually  thus  disposed,  or  ex- 
pressed, 3 ) 12  ( 4 the  quotient, 
or  thus  12  -j-  3 * 4 the  quotient,  or  thus  like  a 
vulgar  fraction ; all  these  nu'aning  the  same  thing.^In 
division,  as  the  divisor  is  to  the  dividertd,  so  is  unity  or  1 
to  the  quotient ; thus  3 : 12  : t 1 : 4 is  the  quolienL 
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"p  ADIANT  Point,  or  Radiating  Point,  is  any  point 
from  which  lays  proceed.  Every  radiant  point  dif- 
fuses innumerable  rays  in  all  directions;  but  those  rays 
are  only  visible  from  which  right  lines  can  be  drawn  to 
the  pupil  of  the  eye ; because  the  rays  are  all  in  right 
lines.  All  the  rays  proceeding  from  the  same  raiiiant .. 
continually  diverge;  but  the  crystalline  collects  or  re- 
unites them  again. 

RADIATION,  is  the  casting  or  shooting  forth  of  rays 
of  light  as  from  a centre.— Every  visible  body  is  a radia- 
ting body ; it  being  only  by  means  of  its  rays  that  it  af- 
fects tbc'cye.^The  surface  of  a radiating  or  visible  body, 
may  be  conceived  Rs  consisting  of  radiant  points. 


RADICAL  Sign,  in  Algebra,  the  sign  or  character 
noting  the  root  of  a quantity ; and  is  this,  v^.  So  ^2 
is  the  square  root  of  2,  and  (/2  is  the  cube  root  of 
2,  $tc, 

RADIOMETER,  a name  which  some  writeia  give  to 
the  radius  astronomicus,  or  Jacobs  staff*.  See  Fov- 
Stavf- 

RADIUS,  in  Geometry,  the  semidiameter  of  a circle; 
or  a right  line  drawn  from  the  centre  to  the  circum- 
ference.— It  is  implied  In  the  definition  of  a circle,  and  it 
is  apparent  from  its  construction,  that  all  the  radii  of  the 
same  circle  an'  equal.— The  radius  is  sometimes  called,  iu 
trigonoffictT) , the  sinus  totuS)  or  whole  sine. 


Digitized  by  Google 


R A t 


E A I 


C 9T>  ] 


Kadxcs,  ia  the  Higher  Geometry.  RaMtj*  qf  ike 
Evoiutat  Uadioh  Oim/i,  cnHed  ako  the  Hadiut  qf  em^ 
ciaityt  aiiil  liie  Hadiut  of  ctnatwe^ 
it  tho  right  line  Cb,  rr(>r(*Minting  a 
thri*ad,  by  wbute  evolution  from  uflf 
the  curve  ac»  upon  H*hich  it  was 
wound,  ibe  curve  a a it  formed. 

Or  it  is  the  radius  of  a circle  having 
the  »«UK'  curvaturr,  in  a given  point 
of  (he  curve  at  a,  with  that  of  the 
curve  in  that  putnL  SeeCunVATuac 
ami  Lvolutk.  where  (he  method  of 
finding  tint  radius  may  be  seen. 

Radius  >ltrro»«><wicw»,  an  Intlrumehl  osoally  called 
Jacob's  ttiifi',  theCrost'Staff,  or  Forc-stafT. 

Radius,  in  Mechanic^,  is  applied  ui  the  spokes  of  a 
wl),cel ; becaust*  issuing  like  rays  from  its  centre. 

Radius,  in  Optics.  See  Hay. 

Radius  Vector^  is  used  for  a nghlline  drawn  from  the 
centre  bf  force  in  any  curve  in  which  a body  is  supposed 
to  move  by  a ceolripetal  force,  to  that  |Mjini  of  the  curve 
where  the  b«»dy  is  suppo>ed  to  be.  In  theeUiplical  orbit 
of  a planet,  lei  o = the  greater  semiaxi'* ; <i  r ss  distance 
from  the  centre  to  the  focus,  or  e = cxccnlriciry  lor 
the  greater  seraikxu  !,  v = (rue  Ainmuly,  and  * 
exceotne  anomaly  ; then  the  radius  V4*ctof  r is  expresfted 
by  dlber  of  the  following  formula;,  r = u(l  cos.  a) 
• fi-O 

or  r = . — . 

I— tco^  » 

Radix,  or  Roo/,  is  a certain  finite  expression  or 
function,  which,  being  evolved  or  expanded  according  to 
the  rules  proper  to  its  form,  produces  a series.  That 
finite  expression,  or  radix,  is  alto  (he  value  of  the  infinite 
series.  So  ; is  the  radix  of  *3333  &c,  because  J being 
evolved  or  expanded,  by  dividing  1 by  3,  gives  (he 
infinite  series  3333  dec.  In  like  manner,  the  radix 
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See  my  Tracts,  vol.  1,  tracts  7 and  8. 

RAFTKRS,  in  Architecture,  are  pieces  of  timber 
which  stand  by  pairs  on  (he  raising>piece,  or  wall 
plate,  and  meet  in  an  angle  at  the  top,  forming  the  roof 
of  a building.  These  commonly  rise  at  43^,  and  meet 
in  a right  angle  at  top;  and  then  the  roof  it  said  to  be 
of  a true  pitch'. 

RAIN,  water  that  descends  from  the  atmosphere  in  tho 
form  of  drop*  of  a considerable  tise.  Rain  is  appa- 
rently  a precipitated  cloud;  as  clouds  are  nothing  but 
vapours  raised  from  moisture,  watm,  dec.  By  this  cir- 
cumstance it  it  distinguished  from  dew  and  fog : in  the 
former  of  which  the  drops  are  so  small  that  they  are  quite 
inviuble;  and  in  the  latter,  though  their  size  be  larger, 


they  seem  to  have  very  little  more  specific  gravity  than 
the  atmoepbere  itself,  ami  may  therefore  be  feckoned  hol- 
low spherules  rather  than  drops. 

It  is  universally  agn-cd,  that  rain  is  produced  by  the 
water  previously  absorbed  by  the  heat  of  the  sun,  or  other- 
wise, from-  the  terraqueous  globe,  into  the  atmosphere,  as 
vapours,  or  vcsicube.  ThcM  vesicular,  bring  specifically 
lighter  than  the  atmosphere,  are  buoyed  up  by  it,  tiU  they 
arrive  at  a region  where  the  air  is  in  a just  balance  with 
them  ; an<l  there  they  float,  till  by  some  new  agent  they 
arc  converted  into  clouds,  and  thence  either  into  rain, 
snow,  hail,  mist, Mir  tho  like. 

But  the  agent  in  this  formation  of  the  clouds  into  rain, 
and  even  of  the  vapours  into  clouds,  has  been  much  con- 
troverted. Most  philosophers  will  have  it,  that  the  cold, 
which  constantly  occupies  the  superior  regions  of  the  air, 
chills  and  cond^ses  the  vniculai,  at  their  arrival  from  a 
warmer  quarter ; congregates  them  together,  and  occa- 
sions several  of  (hem  to  coalesce  into  little  masses  : and 
thus  their  quantity  of  matter  increasing  in  a higher  pro- 
portion than  their  surface,  they-  become  an  overload  to 
the  thin  air,  and  so  descendin  rain. 

Dr.  Derham  accounts  for  the  precipitation,  from  the 
vesiculm  being  full  of  air;  when  (bey  meet  with  a colder 
air  than  that  Uicy  contain,  this  is  then  contracted  into  a 
less  space:  and  consequrnUy  the  watry  shell  or  case 
becomes  thicker,  so  as  to  become  heavier  than  (he  air, 
8tc.  ^ 

But  this  separation  cannot  be  ascribed  to  cold,  since 
rain  often  takes  place  in  very  warm  weather.  And  though 
we  should  suppose  the  condensation  owing  to  the  cold  of 
the  higher  regions,  yet  there  is  a remarkable  fact  which 
will  nut  allow  us  to  have  recourse  to  this  suppositioa:  for 
it  is  certain  that  the  drops  of  rain  increase  in  siie  con- 
sidciably  as  they  descend.  On  the  top  of  a hill  for  in- 
stance, they  wrjil  be  small  and  incomtderuble,  forming 
only  a driixling  shower ; but  half  way  down  the  hill  it  is 
much  more  coosidi*rable ; and  at  the  bottom  the  drops 
will  be  very  large,  descending  in  an  tiiipc-tuous  rain. 
^Vhich  shows  that  the  atmosphere  coudcnin  the  vapours 
as  well  where  it  is  warm  as  where  it  is  cold. 

Others  allow  the  cold  only  a port  in  the  action,  attri- 
buting to  (he  wind  a considerable  part  of  the  agency: 
alleging,  that  a wind  blowing  against  a cloud  will  drive 
its  vcsiculx  upon  one  another,  by  which  means  several 
of  them  coalescing  «s  before,  will  be  enabled  to  descend; 
and  that  tbe  effrct  will  be  still  more  considerable,  if  two 
opposite  winds  blow  together  towards  the  same  place:  they 
add,  that  clouds  already  formed,  happening  to  be  aggre- 
gated by  fresh  accessions  of  vapour  continuaJly  ascending, 
may  (hence  be  enabled  to  descend. 

Yet  the  grand  cauve,  according  to  Rohault,  is  still  be- 
hind.  That  author  conceives  il  to  be  (he  heat  of  the  air, 
which,  after  continuing  for  some  time  near  (be  earth,  is  at 
length  carried  up  on  high  by  a wind,  and  there  thawing 
the  snowy  villi  or  flocks  of  the  half*froxcn  vrsiculie,  it 
reduces  them  into  drops;  which,coalcscing, descend, and 
have  their  disoolutinn  perfected  in  tbeir  progress  through 
(be  tower  and  warmer  stages  of  the  atmosphere. 

Others,  as  Dr.  Clarke,  3cc,  ascribe  this  descent  of  the 
clouds  rather  to  an  alteration  of  the  atmosphere  than  of 
the  vesiculm  ; and  suppose  tt  to  arise  from  a diniinutioQ 
of  (be  spring  or  elastic  force  of  the  air.  Tliis  elustiqity, 
which  depends  chiefly  or  wholly  on  the  dry  terrene  exhia- 
latioos,  being  weakened,  the  aimoiphtJa  sinks  under  iu 
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iMuucn  ; and  tlic  cloud?  fall,  on  ihe  common  principle  of 

Now  efic  unall  vosiculiH,  by  tht-»c  or  any  other 

otice  upon  the  docent,  will  continue  to  (k-->ccn<l 
tir'twifliManding  the  increase  of  resistance  thi  y everj’  mo- 
tiii'iit  meet  with  in  ibcir  progress  through  still  di  iuer 
find  denser  parts  of  (he  atmosphere.  For  as  ihcv  all  tend 
townnl  the  sjiiue  point,  vi*,  the  centre  of  the  earlli,  the 
farther  they^fall,  the  more  coalitions  will  they  rnuke;  ami 
the  nion*  Conhlions,  the  more  matter  will  there  be  under 
the  same  siirfHCe;  the  surface  only  increasing  us  Iftc 
54]Uuri‘s,  but  the  >olidity  a>  the  cub<>s  of  the  diutiielerB: 
nnd  the  more  mailer  under  the  same  stirface,  the  less 
fi  iriionor  resistance  there  will  be  to  the  same  matter. 

Thus  then,  if  the  causes  of  rain  happen  to  act  early 
Plough  to  precipitate  the  ascending  vesicultp.  before  they 
are  arrired  at  any  considerable  height,  theciwililmns  In’ing 
few  ill  so  short  adescent,  tlie  drops  will  be  proportionably 
small  ; thus  forming  what  is  called  ilew.  If  tbe  vajKiurs 
prnn*  more  copious,  and  rise  a little  higher,  there  i*  |jro-. 
duerd  a mist  or  fog.  A little  higher  still,  and  they  pro* 
ducc  a small  rain,  &c.  If  they  neither  meet  with  cold 
nor  wind  enough  to  condense  or  dissipate  them;  ifiey  form 
a hravy,  thick,  dark  sky,  which  lasts  sometimrs  several 
dnys,  weeks. 

But  later  writers  on  this  part  of  philosophical  scionce 
have,  with  greater  show  of  truth,  considcrrHl  rain  as  an 
electiicu)  pbenoroenon.  Signior  Ueccaria  counts  rain, 
hail,  and  suow,  among  the  effects  of  a moderate  electri- 
city in  the  atmosphere.  Clouds  that  bring  min,  he  thinks 
are  produced  in  llK:Mimc  manner  as  thumkr  clouds,  only 
by  a moderate  cleclricity.  lie  describes  them  at  Urge; 
and  the  resemlUnce  which  all  their  pbenomenn  bear  to 
tht^*  of  thunder  clouds,  is  very  striking.  He  notes  several 
dreumstunecs  alu-nding  rain  without  lightning,  which 
render  it  probable  that  it  is  produced  by  the  same  cause 
«»  when  it  b accompanied  with  lightning.  Light  has 
been  seen  among  the  clouds  by  night  in  rainy  weather  ; 
and  even  by  day  rainy  clouds  arc  sometimes  soon  to  have 
a brightness  evidently  independent  of  tbe  sun.  The  uni- 
formity with  which  the  clouds  arc  spread,  and  with  which 
the  rain  falls,  he  thinks  are  evidences  of  a uniform  cause 
like  that  of  electricity.  The  intensity  also  of  electricity 
in  his  apparatus  usually  corresponded  very  nearly  to  the 
Quantity  of  rain  that  fell  in  the  same  lime.  Sometimes 
all  the  phenomcnaof  thunder,  lightning,  bail,  tain,  snow, 
and  wind,  have  been  observed  at  one  time;  which  shows 
tbe  connection  they  all  have  with  some  common  cause. 
Sfgmof  Beccana  therefore  supposes  that,  previous  to  rain, 
a (]uantity  of  electric  matter  esca)H's  out  of  the  earth,  in 
some  place  where  there  is  a redundancy  of  it;  and  in 
Its  ascent  to  the  h'ghor  regions  of  the  atmosphere,  collects 
and  conducts  into  its  path  a great  quantity  of  vapours.  The 
same  cause  that  collects,  will  condense  them  more  and 


eifoBt/ty  qy  Raik.  As  to  the  general  quantity  of  rain 
that  falls,  with  its  proportion  in  several  placesai  the  same 
tiuu-,  and  ut  the  >ame  place  in  different  limes,  there  are 
inuriyobMrviitioitv,  j(>iirnaT«.  Ate,  in  the  Fliilos.  'Frans.,  the 
.Memoijs  of  Uie  Fn  neJj  .^cuUemy,  Acc. 

llhii.v  been  ascertained  by  obi^ivaUon,  that  the  ii  can 
aimu  il  qnumity  of  ruin  iv  gnatest  ut  the  equator,  where 
it  deciCHvev  gnuiuiilly  towards  the  pohs.  'ftius,  at 
GrnnaiJa,  Antilles,  lat.  12“  it  i*  126  inches. 

-Sr,  Doniiiit'u  - IJ#  46'  - 120 

Calcutta  ' - - 22  23  - 81 

U iv-c  • - - 41  54  . 3}) 

Lnglim<l  - • • 33  00  • 32 

JVKrsburg  - •59  l6  - l6 

Philo5.  M.ig.  v»d-  44.  pa.  350.  Hence  It  appears  that  the 
qu.niuity  of  rain  is  influenced  generally  by  the  heat  of 
the  diiuhtc.  Hut  it  is  also  much  influi-nccd  by  particular 
local  Ulus'S  and  circuinMancos,  ns  affected  by  bills  and 
mountains,  mid  by  the  vicinity  of  seas,  icc,  m further 
appears  by  the  following  tables  and  obseivutions.  Thus  on 
measuring  the  ram  that  falls  annually,  its  depth,  on  a me- 
dium, in  several  pUci's,  Is  found  as  in  the  following  table  : 
aVean  /Innuul  Depth  of  Rain  for  tettral  Piucea. 

At  Obicrced  by  Inch 

Tnwnley,  in  Lancas.  - - Mr.  Towtiley  - - • - 4^1 

Upminster,  in  Lsv'x  • - Dr.  Dorham  - . - - i<^| 

Zurich,  i*wisserland  - • Dr.  bclieuchzer  - - - 32I 
Pisii,  m Italy  - - - - Dr.  Mich.  Ang.  Tilii  • 43^ 

Paris,  in  France  - - - M.  I.jrbire  - - - - jg 

Lisle,  Flanders  - - - M.  De  V'auban  - • - 24 

Quantity  of  Ruin  fallen  in  sertTal  Years  at  Paris  and 
Upminstcr, 


At  Paris. 

IVorj. 

At  X'pminuer. 

Inches  2 1*37 

- 1700  - 

• - ly-0.)  inches. 

2777  - 

- 1701  - 

■ - ifi-6y 

1745  • 

- 1702  - 

- • 2<r38 

J8.31  - 

- 1703  - 

- • 23  yy 

2f20  - 

- lf04  • 

- - 15-80 

14-82  - 

--  1705  - 

- - ib  ya 

20- iy  - 

Mediums 

iyi4 

Mediun  Shiantity  of  Rain  at  London^  fur  several  Years^ 
from  the  Philos.  Trans. 

Vii,  in  1774  - - - - 26-328  incbcj. 

1775  ...  - 24083 

1776  - . , . 20334 

1777  - - - - 23  371 

1778  - - * - 20-772 

1779  - - • • 26785 

1780  - . - . 17-313 

Medium  of  those  7 yeors  2J-001 

See  also  the  Meteorological  Jmiinal  of  the  Royal  So- 
ciety, published  annually  in  ihc  Pliihis.  Tr<ans.  and  (he 
article  PLUviaxrTru  or  OMKioMtTSU. 


more;  lit),  in  the  places  of  the  drearest  intervals,  they  Itis reasonably  to U’e.xp<‘ctud,  and  all  cxpi-rienrc  shows, 
come  almost  into  contact,  so  as  to  form  small  drops  ; that  the  most  rain  falls  in  plates  near  the  sea  coast,  and 
which,  uniting  w'ith  others  as  they  fall,  c«*me  down  in  the  less  and  less  as  the  places  ate  Miimlrd  mon-  inland.  Sonic 
form  of  rain.  The  rain  will  be  heavier  in  proportion  as  differences  also  arise  fruni  lire  rircuin&tances  of  hills,  v«l- 
thc  electricity  is  more  vigorous,  und  the  cloud  approaches*  kys,  Ac.  So  when  the  rjuanlity  of  rain  fallen  in  one 
more  iiearfy  to  a thundi  r cloud  : Ac,  See  L^ttere  dell , year  at  Lomlon,  is  20  iriclu^,  (hat  on  the  wi-stcrn  tousi 
Elt’Uricisrnu ; and  Priestley’s  Mist.  Ac  of  Kleclricity,  vol,  of  Lnglaud  will  often  be  twice  as  much,  or  40  inches,  or 
I,  pa.  427»  Ac,  Svo.  And  for  further  accounts  of  the  more.  Those  winds  ?tho  bring  most  rain,  that  blow  from  ^ 
^enomcnaof  ram,  Ac,  sec  Barometer,  Lvaporatiok,  the  quarter  in  which  is  the  most  and  ncaresbtea ; a*  our 
Omehom  ETER,  Pluviametbr,  Vapour,  Ac.  See  al^i  west  and  south- west  wimls. 

Rain,  by  Dr.  James  Hutton,  art  2,  vol.  1 It  is  also  found,  by  the  pluviamctcr  or  rain-gnge,  (bat, 
of  Traruacuons  of  the  Royal  Society  of  Edinburgh.  in  any  one  place,  the  more  ruin  is  collected  in  the  in* 
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•trumenl,  m It  i,  pl.cfd  t,«rcr  the  grounj  ; withiui  .ny  By  Util  ubl«  it  .ppnirt,  tb.t  there  fell  below  >h. 
epiN^erancc  of  a d.lfeiTncc,  between  two  place.,  on  account  of  a house  above  a filbh  Mrt  more  ritn  il..„  u . r n 
of  their  .birrrence  of  level  «bo,c  the  providevj  the  in-  the  Mn.e  .,«e  above  Z Z If  K '? 

Ururaent  n but  a.  fnr  from  the  ground  at  the  one  place  that  there  f^upon  Wesimiii.ler  Ahbev^i 
a.  a.  the  other.  TW  effect,  atr  remarked  in  tbe  l>h,lo..  on.  J.alf  of  wh.t'^a.  totim  fn  ^e  t*^’* 

Tranv  for  1769  and  1771.  the  former  by  Dr.  ileberden.  tbe  "op.  of  the  6^0^.  Tmk 

an.l  the  latter  by  Mr,  IhSic  Barrington.  Dr.  Ileberden  peated  in  other  pim:.,  with  he  X r«ul  Wbirm7j 

«y.,  A compariwB  having  been  made  between  the  quan-  be  the  cauK  of  tb..  extraordiiuir.^.K!^i?,?e  a ^ ^ 

tity  of  ram,  which  fell  in  two  place  in  Undon,  abo7t  a been  diwovered  : but  it  mav  U-  o.^.  I . ’ 

mile  distant  from  one  another.  Tt  wa.  found,  that  the  ram  order  to  pXn  that  “rr7^  wWeb  ill  1 f"  'I' 

...  one  of  them  constantly  ..seeded  that  in  the  other,  .mt  commit  J.n  compTil  "be  or.ai  puTil'l: 
only  every  month,  but  almost  every  time  that  it  rained,  attend.na  to  tb..  circunmance  " ^ 

The  apparatus  used  in  each  of  them  was  very  r.s.cl,  and  Such  were  the  ob«-rv.h„ns  of  n,  iras..  i e 

both  made  by  the  rorae  artist;  and_  upon  examining  every  announcing  this  tircuinsiancc  via  ofdiff^m"  “".v’* 
proUble  cause,  this  unexpected  v.iriation  did  nut  appear  of  rain  falling  at  diffcrenl  height,  a’bove  the  gioun7''Tlo 
to  be  owing  to  any  mistake,  but  to  the  con.Uni  effect  of  yean  afterwards,  Dainc.  Barrington  E«i  made  the  fol 
«me  circumstance,  which  not  being  sOppoKd  to  be* of  lowing  experiment,  and  obKrsJ.ionCl^  shl  lit  th  I 
^ any  moment,  had  ne.er  been  attended  to.  The  rain-  eflbet,  with  respect  to  d.ffemat  pll«  onlv  the 

gttgo  in  ont*  of  time  cukcs  was  tixed  au  faighp  as  to  riac  kcvcnnl  heights  of  ibe  inatrntn.  m k 

■i7'‘’hl"  M ‘^'>‘">■•‘■>‘1  ‘h'  "‘ter  wa.  con-  tho.e  placed,  without  regard  to  any  rlTdiffir'enaTltl 

..derably  below  them  ; and  there  appeared  rea«.n  to  be-  In  the  ground  at  those  place.  ^ 

leve,  that  the  difference  of  the^uaiitity  of  min  in  these  Mr.  Barrington  caused  two  other  rainw,a«e.''ex.eilv 
two  places,  wa.  owing  lo  this  difference  in  the  pUcing  of  like  lho«-  of  Ur  llehe-rdcn  to  be  tiLTd  ^ 

the  ve^l  in  which  it  wa,  received.  A funnel  ia.  th“re-  mount  lle.intg  m Wales  ’.1  Ve  o?her  o!  T T“ 

fore  placid  above  the  highest  chinm/'y»,  aud  ajiolber  on  below  at  about  huh  > m/l  * d . u 
the  pound  of  the  garde  * he, „„gi„g  to^lb.  h":!2’  c“f‘  ^‘:iolllinte  ,’g ‘C';;r'  b ' 

and  there  was  found  tbe  same  difference  betwein  theS  each  gage  being  at  the  lamuLlfn,  7.  *“  r ' 'r 

"hich  there  had  the  ground  at  ?he  two  station..  * ^ 
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bwn  bt-iwcen  them,  when  placed  at  firoilar  bnghu  in 
sHfferent  part,  of  tbe  town.  After  this  ftict  wa.  lulhcicnlly 
nKcrlamed,  is  was  thought  pro|x-r  to  try  whether  the  dif- 
ference would  be  greater  at  a much  greater  height ; aad  a 
rain-gage  was  therefore  placed -Upon  tbe  uguarc  part  of  the 
roof  of  Weslmintler  Abbey.  Here  the  i|uant.ly  of  rain 
was  observed  for  a twclveinumh,  ilie  rain  being  measured 
at  the  end  of  every  month,  and  care  being  uken  that 
noiK  should  evaporate  by  passing  a very  long  tube  of  the 
funnel  into  a Imtlle  through  a cork,  lo  which  it  wa.  ex- 
actly filled.  The  tube  went  doam  very  near  to  the  bot- 
tom of  the  bottle,  and  tberefurc  tbe  rain  which  fell  into 
It  would  Mon  rise  above  tbe  end  of  the  tube,  to  that  the 
water  wu  no-wbere  open  lothe  sir  except  for  the  small 
space  of  the  area  of  the  tube  : and  by  trial  it  was  found 
that  there  wa.  no  Kiisiblc  evaporation  through  the  lube 
thus  fitted  up. — The  following  table  show,  the  result  of 
ihev*  obse'rvationi. 


The  result,  of  the  experiment  are  as  below 


1770. 

Rottooi  of  ib« 
m QimiSMi. 

Top  of  tbs 
tootimsin. 

From  July  6 lo  l6 

Incbi'*. 

0-709 

0 648 

July  1(»  to  29 

2*135 

2*124 

July  29  lo  Aug.  10. 

0610 

0-656 

Scpi.  if  both  bottle*  had  run 
over. 

Sept.  9 to  30 

3-234 

2-464 

Oct.  17.  both  bottle*  bad  run 

over. 

Oct.  17  to  22 

0-747 

0-885 

Oct.  22  lo  29 

1'281 

1-388 

Nov,  20  both  bottles  were 

broken  by  the  frost. 

• 8-766 

8 165 

in  a rain-gage,  fixed 

1766. 

Brlow  the  top 
of  a bouts. 

Upon  the  top 
of  B house. 

From  the  7th  ii 

Inches. 

the  rnd  of  Julj 

3591 

3-210 

August 

0-553 

0*479 

September 

0-421 

0-344 

October 

2*3b4 

2061 

November 

1 079 

0 642 

December 

I 612 

]*2.4H 

170'7,  January 

2-071 

1*455 

fehruary 

2-864 

2-494 

March 

1*607 

1*303 

April 

1-437 

1-213 

Muy 

2 43-2  - ► 

1-745 

June 

I99f 

1'426 

July  7 

0.395 

0.-309  - 

2-2-003 

18-139  f 

l*pon  Wr«i< 
utiutcr  AUwjr. 


inchcf. 

2*311 

I 0-508 
I-4I6 

0- 632 

0 99* 

1 035 

1- 335 
0567 
0 9,9* 
1-142 

I-I45 
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HI  ti  »v  or  oniwii  irom  iiteoe  expenmentt, 

Mr.  Barnugiou  obiertfs,  » K<emi(o  be,  that  the  inervata 
of  tbe  quantity  of  rain  dtpeadi  upon  it$  nearer  proximity 
lo  the  earth,  and  scarcely  at  all, on  the  height  of  place*, 
provided  the  rain-gaget  are  lixrdat  about  tbe  sotm  dii* 
taiice  from  the  ground. 

'*  ,Po«iUy  alio  a oiuch  cuiUFoverlccr  poim  between  tha 
iiuiabitams  of  inourviama  end  plains  may  receive  a sola* 
lion  from  ihw*  experiments ; as  in  an  adjacent  valley,  at 
least,  very  neatly  the  same  rjuaiiuty  of  rain  appears  to  fall 
within  the  same  period  ol  time  as  on  the  netebbourtne 
mountains.**  ^ 

l)r.  Ileberden  aUo  adds  the  following  note.  " It  may 
not  be  improper  losul^in  to  tbe  foregoiog  account,  that, ' 
Jn  places  where  it  was  lirst  observed,  a ditfereot  quniwity 
of  rain  would  be  colli'cted,  according  ns  liie  rain-gaget 
were  pinqed  above  or  below  the  lops  of  the  neiglibooring 
buildings  j tbe  ri-in-gage  below  the  top  of  ihr  house,  into 
which  the  greater  quauuty  of  ram  had  lor  several  yeart 
been  found  to  tall,  was  above  15  f«t  above  the  level  of  Ibo 
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other  rain-(Me,»hich  in  another  part  of  London  was  plaCTd 

„r  !hr  house,  Ulul  into  which  the  lesser 

This  ilidereiicc  therefore  dots  not, 


quantity  always  felh 
u Mr.  Buninctou  justly  remarks,  depend  on  the  greater 
quantity  of  atmosphere,  through  whitli  the  ram  descends ; 
though  this  has  been  supposed  by  some,  who  base  thence 
concluded  that  this  appearance  might  readily  be  solved 
by  the  accumulation  of  more  drops,  in  a descent,  through 
a great  depth  of  atniosphctc." 

The  quantity  of  rain  that  falls  at  Bombay  is  very  ex- 
traordinary. TllB  following  register  of  the  quantity  lallen 
there  in  8 sucMgnve  years,  is  extracted  from  the  Alonttaly 
Magaxine  for  P“-  99' 

Inches 


In  1780.  From 
July  A to  Aug  4 
Aug  5,  to  Sep.  7 
8,  to  Oct.  14  - 

1781.  From 
June  14.  to  July  3 - 
July  3,  to  Aug.  10  - 
Aug.  11,  to  Sep.  3 • 
Sep.  4,  to  Oct.  14,  - 

1782.  From 
May  28,  to  May  31 
June  1,  to  July  2 - 
July  3,  to  Aug.  9.  - 
Aug.  10,  to  31 
Sep.  1,  to  Oct.  5^  - 

9 

1783.  from 
June  I,  to  July  3 • 
July  4,  to  Aug.  7 • 
Aug.  8,  to  31 

Sep.  l»loOct.4  - 

1784.  From 
June  6,  to  30  - 

July 


20'4 

17-4 

15-6 

5.3-4 

23- 3 
87 

24-  1 
I4'4 
70A 

2-2 

8-3 

29*0 

5-6 

£7 

518 

25*7 

303 

7’ 

99 

73  0 

8-3 

94) 


1784— continucii' 
August  - 
Sep.  to  Oct.  6 

1785.  From 

May29»lo3l 
June  - - - 

July  - 

August  - 
September 
October  27  - 

1786.  From 
June  12,  to  30 
July  - 

August  - • • 

September 
October  12  - 

1787-  From 
June  11,  to  26 
June  27,  to  July  31 
August 
September 
1 October  12  - 


Gen.  yoarly  avemge 


From  this  abstract  it  appears,  that  the  rainy  season 
commenct-s  about  the  beginning  of  June,  ami  ends  in  the 
2d  wci'k  of  October;  and  fbut  July  U tbc  mo»t  rainy 
month,  the  general  average  of  July  being  22*7  inches,  or 
above  one^lhird  of  tbc  whole.  Tlje  hcavie>t  rain  that 
fell  during  these  8 years,  was  in  1782,  on  July  19,  6 
inches,  20ib,  5*6,  21st  6 4. 

rainbow,  /n\  or  simply  the  Bow,  is  a meteor  in 
form  of  a party-coloured  arch,  or  semicircle,  exhibited 
in  a rainy  sky,  opposite  to  the  son,  by  the  nlmction  and 
reflection  of  his  ra)*!  in  the  drops  of  failing  rain.  Tbi  rc 
is  also  a secondary,  or  fainter  l>ow,  usually  seen  investing 
the  former  at  some  dislanr«*.  Among  nauir.«ii,ls,  we 
also  read  oflunar  rainbows,  maritH.*  rainbows,  6cc. 

The  rainbow,  Sir  Isaac  Newton  observes,  never  appears 
but  where  it  rains  in  the  sunshine;  and  it  may  be  rcpie- 
senU'd  artificially,  by  contriving  water  to  fall  in  small 
drops  like  rain,  through  which  the  sun  shining,  exhibits 
a bow  to  the  spectator  placed  Iwtwein  the  sun  niid  the 
drop*.  csjH'cially  if  there  be  disposed  Wyond  the  drops 
some  dark  body,  as  a black  cloth,  or  such  like. 

Some  of  the  ancients,  as  appears  by  Aristotle’s  tract 
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on  Meteors,  knew  tliat  tbc  rtfSnbow  n*as  caused  by  the 
refraction  of  the  sun’s  light  iu  drops  of  falling  rain.  Long 
afterwards,  one  FIctcbei  of  UrtVlaw,  in  a treatise  which 
he  published  in  1571,  endvavxuucd  more  particularly  to 
account  for  the  colours  of  the  rainbow  by  means  of  a 
double  refraction,  and  one  n-flcciion.  But  he  imagined 
that  a ray  of  light,  after  entering  a drop  of  rain,  ami  suf- 
fering a refraction,  both  at  its  cnirunce  tmd  exit,  was 
afterwards  reflecud  from  another  drop,  before  it  reached 
the  eye  of  the  spectator.  It  seems  he  overlooked  the  re- 
flection at  the  farther  side  of  the  drop,  or  else  he  ima- 
gined that  all  the  bendings  of  the  light  within  the  drop 
would  not  make  a sufficient  curvature,  to  bring  the  ray  of 
the  sun  to  the  eye  of  the  spectator.  But  Antonio  de 
Dorainis,  Bishop  of  SpaUto,  about  the  year  1590,  whose 
treatise  De  Radiis  Visu»  et  Lucis  was  published  in  l,6ll 
by  J.  Bartolus,  first  advanced,  that  the  double  refraction 
of  Fleicbcr,  with  an  itiler%‘eiiing  reflection,  wassuflicient 
to  produce  the  colours  of  tbe  rainbow,  and  also  to  bring 
the  rays  that  formed  them  to  the  eye  of  the  spectator, 
without  any  subsequent  reflection.  He  distinctly  describes 
tbc  progress  of  a ray  of  light  entering  tbc  up^ier  part  of  - 
the  drop,  where  it  suffers  one  refraction,  and  after  being 
by  that  thrown  upon  the  back  part  of  the  inner  surface, 

■ [rom  thence  reflected  to  the  lower  part  of  the  drop ; at 
lich  place  undergoing  a second  refraction,  it  is  thereby  * 
_ int  so  as  to  come  directly  to  the  eye.  To  verify  this  hy- 
pothesis, he  procured  a small  globe  of  solid  glass,  and 
viewing  it  when  it  was  exposed  to  the  rays  of  the  sun,  in 
the  same  manner  in  which  he  had  stipposed  the  drops  of 
rain  were  situated  with  respect  to  them,  he  actually  ob- 
served the  same  colonrx  which  he  had  seen  in  the  true 
rainbow,  and  in  ihesamc  order.  Thuslhisautlior«bowed 
how  the  interior  bow  is  formed  in  round  drops  of  rain. 
Til,  by  two  refractions  of  the  sun’s  rays  and  one  reflec- 
tion between  them  ; and  he  likewise  showed  that  the  ex- 
terior bow  is  formed  by  two  refractions  and  two  sorts  of 
reflections  bi  twrrn  them  in  each  drop  of  water. 

The  theory  of  A.  de  Dominis  was  adopted,  and  in  tome 
degree  improved  with  respect  to  the  exterior  bow,  by 
Dc'scarlea,  in  his  treatise  on  Meteors;  and  indeed  he  was 
the  first  who,  by  applying  mathematics  to  the  investigation 
of  this  surprismg  appearance,  ever  gave  a tolerable  theory 
of  the  rainbow.  Philosophers  were  however  still  at  a 
loss  when  they  endeavoured  to  assign  reasons  for  all  the 
particular  colours,  and  for  the  i»r<ler  of  them.  Indeed 
nothing  but  tlie  doctrine  of  the  different  rcfrangibility  of 
the  rays  of  light,  a dii-covery  which  was  reserved  for  iba 
great  Newton,  could  furnish  a complete  solution  of  this 
difficulty. 

Dr.  Barrow,  in  Ins  Lcctione*  Oplicw,  at  I.ecl.  12,  n.  1 +, 
says,  that  a friend  of  bis  (by  whom  we  aic  to  underslnnd 
Mr.  Newton)  communicated  to  him  a method  of  deter- 
mining the  angle  of  the  rainbow,  which  was  hinted  to 
Newton  by  Slmius,  without  making  a table  of  the  re- 
fractions, us  Descartes  did.  1‘hc  doctor  shows  the  me- 
thod; as  also  several  other  matters,  at  n.  I4,  15,  l6,  re- 
lating to  the  rainbow,  worthy  the  genius  of  those  two 
eminent  men.  But  the  subject  was  given  more  perfi-ctly 
by  t^ewlon  afterwards,  viz,  in  his  Optic«,  prop.  9;  where 
he  makes  the  breadth  of  the  interior  bow  to  be  nearly 
2**  15',  that  of  the  exterior  3®  40',  their  distance  8®  25*, 
the  greatest  semidiameter  of  the  interior  bow  42®  17*»  and 
the  least  of  the  exterior  50®  42",  when  ibcir  colours  ap- 
pear suong  and  perfect. 


17*7 

122 

47-5 

5-5 

90 

25*3 

13*3 

145 

TO-2 

26-9 

25*6 

10*1 

10-4 

1*0 

^0 

12*2 

32*9 

16*5 

93 
0*5 
70-4 
6*3  85 
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Tl»c  tlacfrinc  of  the  rainbow  mny  be  illustrato<l  ami 
coniirmeH  by  experiment,  in  uneral  Uifti  rcnl  ways.  Thus, 
by  han;;in"  up  a glass  globe,  lull  of  water,  in  the  sun- 
shine, and  viewing  it  in  such  a posture  that  the  rays  which 
come  from  the  globe  lf>  the  eye,  may  include  an  angle 
either  of  4^?^  «»r  50’  with  the  sun's  rays  ; for  e:c,  if  the 
angle  l»e  abf>ut  43°,  the  spectator  will  st'c  a full  red  colour 
in  that  side  of  the  globe  oppi>sile  to  the  sun.  And  by 
varyijig  the  position  so  as  to  make  that  angle  graduajly 
htfiS  the  other  colours,  yellow,  green,  ami  blue,  will  ap- 
pear successively,  in  the  same  side  of  the  globe,  ami  that 
sery  bright.  Rut  if  the  angle  be  made  about  50°,  suppose 
by  raising  ibo  globe,  there  will  appear  a red  colour  in  that 
side  of  tiic  globe  towards  the  snn,  though  sonu-w  hat  faint ; 
and  if  the  angle  be  made  greater,  as  by  raising  the  globe 
still  liiglier,  this  red  will  change  successively  to  the  other 
colours,  yellow,  green,  and  blue.  And  the  same  changes 
are  observed  by  raising  or  depi(*ssing  the  eye,  while  the 
globe  is  ut  rest.  Newton's  Optics, pt.  3,  prop,  y,  prob.  4. 

Again,  a similar  bow  is  often  obsersvd  among  the  waves 
of  the  sea  (called  the  marine  rainbow),  the  uppi'r  parts 
of  the  waves  Udng  blown  about  by  the  wind,  and  so  fall- 
ing in  drops,  Thiv  appearance  is  also  seen  by  moon- 
iiglil  (called  the  lunar  rainbow),  though  K'ldom  vivid 
enough  to  render  the  Colours  disiinguitbable.  Ala0  it 
sometimes  on  the  ground,  when  the  sun  shines  on  a 
very  thick  dew.  Cascades  and  fountains  too,  whose 
waters  arc  in  their  fall  divided  into  drops,  exhibit  rain- 
bows to  a spectator,  if  properly  situated  during  the  time 
of  the  sun's  shining;  and  even  water  blown  violently  out 
of  llie  mouth  of  an  observer,  stuiiding  with  his  back  to 
the  sun,  never  fails  to  produce  the  same  phenomenon. 
Tiie  artificial  rainbow  may  even  be  produced  by  candle- 
light on  the  water  which  is  ejected  by  a small  fountain  or 
jet  d'eau.  All  these  are  of  tbc  same  nature,  and  they 
depend  on  the  same  causes ; some  account  of  which  is  as 
follows. 


t,et  the  circle  wqc.b  represent  a drop  of  water,  or  a 
globe,  upon  which  a beam  of  paraljel  light  falls,  of  which 
let  rn  rcprcsfiu  a ray  falling  perpendicularly  at  a,  and 
which  cotis<*quenlly  either  passes  through  without  refrac- 
tion, or  is  reflected  directly  back  from  q : suppose  an- 
other ray  tK,  incident  at  k,  at  a distance  from  a ; then 
this  will  Ik‘  refracted  according  to  rv  certain  ratio  of  the 
sines  of  incidence  and  refraction  to  each  other,  which  in 
rain  water  is  as  529  to  39f*»  tu  a point  L,  whence  it  will 
be  in  part  transmitted  in  the  direction  lz  and  in  part  re- 
flected to  M,  where  it  will  again  in  part  be  reflected,  and 
in  part  transmitted  in  the  direction  up,  being  inclined  to 
the  line  described  by  the  incident  ray  in  the  angle  iop. 
Another  ray  AN,  still  farther  from  b,  and  conscijuenlly 
incident  under  a greater  angle,  will  be  refracted  to  a 
VoL.  11. 


point  p,  still  farther  from  q,  whence  rtwill  be  in  part 
fleeted  to  o,  from  which  place  it  will  in  part  emerge, 
forming  un  angle  AXii  with  lire  incident  an,  greater  tb.m 
that  which  was  formed  between  the  ray  mp  and  its  inci- 
dent ray.  And  thus,  while  the  angle  of  incidence,  or 
distance  ot  the  point  of  incidence  from  b,  increases,  the 
distance  bctuccn  the  point  of  reflection  and  n,  and  the 
angle  formed  between  the  incident  and  emergent  reflected 
rays,  will  also  increase  ; .that  is,  as  far  as  it  depends  on  Che 
distance  from  b : but  as  the  refraction  of  the  ray  lends  to 
carry  the  point  of  rcllcciion  towards  q,  and  to  diminish 
the  angle  formed  between  the  incident  and  emergent  re- 
flected ray,  and  that  the  more  the  greater  the  distance  of 
the  point  of  incidence  f?om  b,  there  will  be  a certain  point 
of  incidence  betwe«  n n and  w,  with  which  the  greatest 
possible  distance  between  the  point  of  reflection  and  u, 
and  the  greatest  possible  angle  bi'twecn  the  incident  and 
emergent  reflected  ray,  will  correspond.  So  that  a ray 
incident  nearer  to  B thall,  at  its  emergence  after  reflection, 
form  a less  angle  with  the  incident,  by  reason  of  its  more 
direct  reflection  from  a point  nearer  to  q ; and  a ray  in- 
cident nearer  to  w,  shall  at  its  emergence  forin  a less  angle 
with  the  ini'idenl,  by  reasim  of  the  greater  quantity  of 
angl(*>  of  refraction  at  its  incidence  and  emergence.  The 
mys  which  fall  fur  a considerable  space  m the  vicinity  of 
that  point  of  incidence  with  which  the  greatest  angle  of 
emergence  corres]H>nds,  will,  after  emerging,  form  an  anglu 
with  the  incident  rays  ditfcringiiisensibly  from  that  greatest 
angle,  and  conse<|Ucntly  will  proceed  nearly  parallel  to 
each  other;  and  those  rays  which  fall  at  a distance  from 
that  point  will  emerge  at  various  angles,  and  consequently 
will  diverge.  Now,  to  a spectator,  whose  back  is  turned 
towards  the  radiant  body,  and  whose  eye  is  at  a considera- 
ble distance  from  the  globe  or  drop,  the  divergent  light 
will  be  scarcely,  if  at  all,  perceptible;  but  if  the  globe 
be  so  situated,  that  those  rays  that  emerge  parallel  to  each 
other,  or  at  the  greatest  possible  angle  with  the  incident, 
may  arrive  at  (he  eye  of  the  spectator,  he  will,  by  means 
of  those  rays,  behold  it  nearly  with  the  same  splendour  at 
any  distance. 

In  like  manner,  those  m)'i  which  fall  parallel  on  a 
globe,  and  arc  emitted  after  two  refli‘c(ions,  suppose  at 
the  points  r and  o,  will  emerge  at  ii  parallel  to  each 
other,  when  the  angle  they  make  with  the  incident  an  is 
the  least  pos.xibIe ; and  the  globe  must  be  seen  very  re- 
splendent when  its  position  is  such,  that  those  parallel 
rays  fall  on  the  eye  of  the  spectator. 

The  quantities  of  these  angles  arc  determined  by  calcu- 
lation, the  proportion  of  the  v>^v-s  of  incidence  and  re- 
fraction to  each  other  betnz  known.  And  this  proportion 
being  diflereiit  in  rays  which  produce  different  colours, 
the  angles  must  vary  in  each.  Thus  it  is  found,  that  the 
gnutest  angle  in  rain  water  fur  the  least  refrangible,  or  red 
rays,  emitted  parallel  after  one  reflection,  is  42°  and 
for  the  most  refrangible  or  violet  rays,  emitted  parallel 
after  one  reflection,  40’  17';  likewise,  after  two  reflections, 
(he  least  refrangible,  or  red  rays,  will  be  emitted  nearly 
parallel  under  an  angle  of  50°  57^  ^nd  the  most  refran- 
gible, or  violet,  under  an  angle  of  54°  7' i And  the  inter- 
mediate colours  will  be  emitted  nearly  parallel  at  interme- 
diate angles. 

Suppose  now,  that  o is  the  spectators  eye,  and  op  a 
line  drawn  parallel  to  the  sun’s  rays,  se,  sp,  so,  and  sii ; 
and  let  poe,  pop,  poo,  poh  be  angles  of  40°  17*,  42°  3', 
50°  57*»  iod  54°  7*  respectively;  then  those  angles  turned 
2 O 
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about  tlioir  common  »ide  or,  will  with  Uicir  other  bides 
ojty  or,  oo,  oil,  describe  the  verges  of  the  (wo  miabows, 


as  the  figure.  For,  if  e,  r,  o,  it  be  drops  placed  any 
where  in  the  conical  sitperficies  described  by  or.,  or,  oo, 
ou,  and  be  iltuiniiuted  by  ibe  stin's  rays  se,  sr,  so,  sii  ; 
the  angle  seo  la-itig  c^ual  to  the  angle  pok,  or  40°  17', 
will  be  the  greatest  angle  in  which  the  inc^t  refrangible 
ruy  s can,  alter  one  reflation,  be  refracted  to  the  eye,  and 
therefore  all  the  drop#  ia  the  line  oe  mui.t  send  the  most 
refrangible  rays  moat  cbplously  to  the  eye,  and  so  strike 
tl;e  sense  with  ibe  deepesC  violet  colour  in  that  region.  In 
like  niauiuT,  the  angle  aro  bs'ing  equal  to  the  angle  por, 
or  42°  2',  will  be  the  greatest  in  which  the  least  refran* 
gible  rays  after  one  ri'llcction  can  emerge  out  of  the  drops, 
and  therefore  those  rays  must  come  most  copiously  to  tiie 
eye  from  the  drops  in  the  line  or,  and  strike  the  sense 
with  the  deepest  red  colour  in  that  rv'gion.  And,  by  the 
same  argument,  the  rays  which  have  the  intermediate 
degrees  of  refrangibility  will  come  roost  copiously  from 
drops  between  E and  p,  and  strike  the  senst's  with  the  in- 
tenncdiaie  colours  in  the  order  which  their  degrees  of 
refrangibility  r^uire;  that  is,  in  the  progress  from  £ to 
r,  or  from  the  inside  of  the  bow  to  tlie  outside,  in  this 
oriler,  violet,  indigo,  blue,  green,  yellow,  orange,  red.  Dut 
the  violet,  bv  the  mixture  of  the  white  light  of  the  clouds, 
will  appear  faint,  and  inclined  to  pUrpIc. 

Again,  the  angle  sgo  being  equal  to  the  angle  POO,  or 
50^^  57,  will  be  the  least  angle  in  which  the  least  refran* 
gible  rays  can,  after  two  reflections,  emerge  out  of  the 
drops,  and  therefore  the  least  refrangible  rays  roust  come 
most  copiously  to  the  eye  from  the  drops  in  the  line  no, 
and  strike  the  seUK'  with  the  deepest  red  in  that  region. 
And  the  angle  suo  bidng equal  to  the  angle  voii,  or  54*^  7'# 
will  be  the  least  angle  in  \|hich  the  most  refrangible  rays, 
after  two  reflections,  can  emerge  out  of  the  drops,  and 
therefore  those  rays  must  come  most  copiously  to  the  eye 
from  the  drops  in  the  line  oh,  and  strike  the  sense  with 
the  deepest  violet  in  that  u^ion.  And,  by  the  same  argu- 
ment, the  drops  in  the  regions  between  o nrul  ii  will  strike 
the  sense  with  the  intermediate  colours  in  the  order  which 
their  tbgrees  of  refrangibility  require  ; that  is,  in  the  pro- 
gress from  o to  H,  or  from  the  iuside  of  the  bow  to  the 
outside,  in  this  order,  red,  orange,  yellow,  green,  blue, 
indigo,  and  violet.  And  since  the  four  lines  ok,  op,  og, 
OH,  may  besiluaud  any  where  in  the  abovc-imutioued 
Conical  supiTficies,  what  is  said  of  the  dro{><<  and  coloyrs 
^ in  these  line's,  is  to  be  understood  of  the  drops  and  colours 
•very  where  in  those  su^wiflcies. 

Thus  there  will  be  made  two  bows  of  colours,  an  in- 
ti rinr  and  stronger,  by  one  reflection  in  the  drops,  and  an 


exterior  and  fainter  by  two ; for  the  light  becomes  fainter 
by  every  reflection ; and  their  colours  will  lie  in  a con- 
trary order  to  each  other,  the  rod  of  both  bows  bordering 
upon  the  space  op,  which  is  between  the  bow's.  The 
breadth  of  the  interior  bow,  £or,  measua-d  across  the 
colours,  will  be  1°  15',  and  the  breadth  of  the  exterior 
tiOM,  will  be  3“  lO*,  also  the  distance  between  them  gop, 
will  be  8°  55',  the  greatest  semidiametiT  of  the  inner- 
most, that  is,  the  angle  pop,  being  42°  2',  and  the  least 
semidiameter  of  the  ouiiTinosl  poo  being  50°  57'*  These 
arc  the  measures  of  the  bows  as  they  would  be,  were  the 
sun  hut  a point;  but  by  the  breadth  of  his  disc,  the 
breadth  of  the  bows  will  be  increased  by  half  a dega'e, 
and  their  distance  diminished  by  as  much  ; so  that  the 
breadth  of  the  iniuT  bow  will  be  2°  15',  that  of  the  outer 
3°  40',  their  distance  8°  25';  the  greatest  sotiiidiametcr 
of  Ibe  interior  bi>w  42°  17',  and  the  least  of  the  exterior 
50°  42'*  And  such  arc  the  dimensions  of  the  bows  In 
the  heavens  found  to  Us  very  nearly,  when  their  colour# 
appear  strong  and  perfect. 

The  light  which  comes  through  drops  of  rain  by  two 
rcfraetiiiiis  without  any  refledion,  ought  to  appear  strong- 
est at  the  distance  of  about  26  dogrcis  from  the  sun,  and 
to  decay  gradually  both  ways  as  the  distance  front  the 
Merrascs  amMecn'asi-s.  And  the  same  is  to  be  un- 
OTPstood  of  light  transmitted  through  ^herical  hail- 
stem's.  If  the  hail  be  a little  flatted,  as  it  often  is,  the 
light  transniitted  may  grow  so  strong  at  a little  less  dis- 
tance than  that  of  26°,  as  to  ft»rm  a halo  about  the  sun 
and  moon  ; which  halo,  when  the  stones  are  duly  figured, 
may  be  coloured,  nnd  then  it  must  be  red  within,  by  the 
least  refraugible  rays,  and  blue  without,  by  the  most  re- 
frangible ones. 

llie  light  which  passes  through'  a drop  of  rain  after  two 
refraciitros,  and  three  or  more  reflections,  is  scarce  strong 
enough  to  cause  a sensible  bow. 

.4s  to  the  dimension  of  the  rainbow,  Descartes  first  de- 
termined its  diameter  by  a tentative  and  indirect  method  ; 
laying  it  down,  that  the  magnitude  of  the  bow  depends 
on  the  degree  of  refraction  of  the  fluid ; and  assuming  the 
ratio  of  the  sine  of  incidence  to  that  of  refraction,  to  be 
in  water  as  250  to  I87<  But  Dr.  Halley,  in  the  Philos. 
Trans,  number  267,  gave  n simple  direct  method  of  de- 
termining the  diameter  of  the  rainbow.from  the  ratio  of 
the  refraction  of  the  fluid  being  given  ; or,  vice  versa,  the 
diameter  of  the  rainbow  being  given,  to  determine  the  re- 
fractive power  of  the  fluid.  And  Dr.  Halley's  principles 
and  construction  were  further  explained  by  Ur.  Morgan, 
master  of  Clare  Hall,  Cambridge,  in  his  Umcriaiion  on 
the  Kainhow,  among  the  notes  upon  Uohaulis  System  of 
Phiiusophy,  part  3,  chap.  17< 

I'rtan  the  theory  of  the  rainbow,all  the  fvarticular  phe- 
nomena 6f  It  an*  easily  dcducibic.  Hence  wc  sei*,  1st, 
Why  the  iris  » always  of  the  same  bn'udlh  ; becaUM^  the 
intermediate  degrees  of  refrangibility  of  tbe  rays  between 
red  and  violet,  which  arc  its  extreme  colours,  arc  always 
the  same. 

2dly,  Why  the  bow  shifts  it^  situation  as  the  eye  does; 
and,  according  to  the  popular  phrase,  flies  from  those  who 
follow  it,  nnd  follows  those  that  fly  from  it ; the  coloured 
drops  being  disposed  under  a certain  angle,  alH>ut  tbe 
axis  of  vision,  which  is  diAtrcnt  in  diflerent  places: 
whence  also  it  follows,  that  every  diflererit  spectator  sees 
a diflerent  how, 

3dly,  Why  the  bow  is  sometimes  a larger  portion  of  a 
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* circle,  someiimes  a )p» : iu  magnitude  depending  oq  tbe 
greater  ur  less  part  of  the  surfaec  of  the  cone,  abovo  the 
surface  of  the  earth,  at  the  lime  of  its  appearance  ; and 
the  higher  the  sun  is,  the  Im  will  be  the  rainbow. 

4lhly,  VVliy  thclxiw  never  app4*ars  when  the  sun  is  above 
a certain  altitude;  the  surface  of  the  coni',  in  whicli  it 
should  be  seen,  being  lost  in  the  gmund  at  a little  dis* 
tance  from  the  eye,  when  the  sun  is  above  42"  high. 

5thiy,  Why  the  bow  never  appears  greater  than  a semi* 
circle,  on  a plane;  since,  be  the  sun  never  so  low,  and 
even  ID  the  horixon,  the  centre  ^f  the  bnw  is  Hill  in  the 
liae  of  aspect ; which  in  this  case  runs  along  the  earth, 
and  IS  not  at  all  raised  above  the  surface,  ladl'd!!  if  the 
spectator  be  placed  on  a very  considerable  emioence,  and 
the  sun  in  the  horixon,  the  line  of  aspect,  in  which  the 
centre  of  the  bow  is,  will  he  considerably  raisi.'d  above  the 
■horuun.  And  if  the  ( minencc  be  very  high,  and  the  rain 
near,  it  is  possible  the  bow  may  bt*  an  eulirc  circle. 

gb'thly,.  flow  thr  bow  may  chance  to  appear  inverted, 
or  the  concave  side  turned  upwards ; vix,  a cloud  hap* 
pening  to  interccjil  the  rays,  and  prevent  their  shining 
on  the  upper  part  of  the  arch  : in  which  case,  only  the 
lower  part  appearing,  the  bow  will  seem  as  if  turned  up* 
side  down  ; which  has  probably  been  the  case  in  several 
prodigies  of  this  kind,  related  by  authors. 

Lunar  llaiNBOw.  The  moon  sometimes  also  e.\hibils 
the  pbenumenon  of  an  iris,  by  the  refraction  of  her  rays 
in  the  drops  rain  in  the  aight*tiroe.  Aristotle  says,  be 
was  the  first  that  ever  observed  it ; and  adds,  it  is  never 
seen  but  at  the  time  of  the  full  moon  ; her  light  at  other 
times  being  too  faint  to  affect  the  sight  after  two  refrac* 
tions  and  one  reflection.  The  lunar  iris  has  all  the  colotfrs 
of  the  solar,  very  distinct  and  pleasant ; only  fainter,  both 
from  the  difh'rent  intensity  of  the  rays,  and  the  different 
disposition  of  the  medium. 

Marme  Raiviow.  This  is  a phenomenon  sometimes 
obaerved  in  a much  agitated  sea  ; when  the  wind,  sweeping 
part  of  the  tops  of  the  waves,  carries  them  up ; so  that  the 
tun's  rays,  falling  upon  them,  are  refracted,  &c,  as  in  a 
common  shower,  and  there  paiflt  the  colours  uf  the  bow. 
These  bows  are  less  distinguishable  and  bright  than  the 
common  bow:  but  then  they  exceed  as  to  nu,mbers,  there 
being  sometimes  20  or  SO  seen  togetlier.  They  appear  at 
noon  day,  and  in  a position  opposite  to  that  of  the  com- 
mon bow,  the  concave  side  being  turned  upwards,  as  in- 
deed It  ought  to  be. 

RAlN-GAcfc,  an  instrument  for  me.vuring  the  quan- 
tity of  rain  that  falls.  It  is  the  same  as  OMBROugTCR, 
or  Pluviamrter  ; which  s<*e. 

RAK BD  or  Rakiro  Table,  in  Architecture,  a 

member  hollowed  in  the  square  of  a pedestal. 

RAM,  in  Asirunomy.  See  Aries,  * 

Ram,  Bauering.  See  Battehirg  Ram. 

Rams-Horns,  in  Fortification,  a name  given  by  BcliJor 
tp  the  tenailles. 

RAMPART,  or  Ranpicr,  in  Fortification,  a massy 
bank  or  elevation  of  earth  around  a place,  to  cover  it  from 
the  direct  fire  of  an  enemy,  anti  of  suflicieiit  thickness  to 
resist  the  efforts  of  tbcir  cannon  for  many  days.  It  is 
formed  into  Imstions,  curtains,  4cc. 

Upon  the  rampart  the  soldiers  continually  kc'ep  guard, 
aod  the  pieces  of  artillery  are  planted  for  di-tence.  Also, 
to  shelter  the  men  from  the  enemy’^shot,  the  outside  of 
the  rampart  is  built  higher  than  tlic  rot,  i.  e.  a parapet  is 
roiK'd  upon  it  vvith  a platform.  It  is  encompassed  with  a 


moat  or  ditch,  out  of  which  is  dug  the  earth  that  forms 
the  rampart,  which  is  raised  sloping,  that  the  earth  may 
not  slip  dow  n,  and  having  a berme  at  bottom,  or  is  other- 
wise fortified,  being  lined  with  iw  facing  uf  brick  or  stone. 

The  height  of  the  rampait  m*cd  not  be  mure  than  G la- 
thorns,  this  being  suIBciciU  to  cover  the  houses  from  The 
battery  of  the  cannon  ; neither  need  its  thickness  be  luuit 
than  U)  or  12,  0011*5$  mure  earth  come  out  of  ^he  ditch 
than  can  otherwise  be  bestowed. — The  ramparts  of  half- 
muons  arc  the  better  fqr  being  low,  that  the  »mull  fire  of 
the  defendants  may  the  better  reach  the  bottom  of  the 
ditch  ; yel  they  must  be  so  high  as  not  lo  be  cuimnamJed 
by  the  covert-way. 

Rampart  is  alio  used,  in  civil  architecture,  for  the  void 
space  left  betvvceo  the  wall  of  a city  and  the  houses.  I'his 
is  what  the  Homans  called  Pomeuriuni,  where  it  was  for- 
bidden to  build,  and  where  they  planted  rows  of  trees  lor 
the  people  to  walk  and  amuse  themselves  under. 

KAMSDEN  (Jasha),  p.r.s.  an  excellent  optician  and 
mechanist,  was  born  at  Halifax  in  Yorkshire,  17^  ; and 
died  at  Brighlheltnstoqe,  Nov.  5,  ISOO.  lie  served  bis 
apprenticeship  in  his  native  place,  to  tl^  trade  of  a hot- 
presscr  ; after  wbicb,  about  1751,  be  came  lu  London,  and 
applied  bimself  to  engraving.  Tn  the  course  of  this  em- 
ployment, mathematical  instruments  were  often  brought 
to  him  to  be  engraved,  which  induced  him  to  try  hU  ge- 
nius in  that  way;  and  with  such  success,  that  by  the  year 
1753  be  made  instruments  for  several  of  the  b»t  artists. 
Soon  after  his  coming  up  to  Londuo,  he  married  the 
daughter  of  Mr.  Dollood,  tb^  celebrated  optician  in  St. 
Paul's  Church-yard;  by  wbicb  means  be  was  introduced 
to  the  krmwledge  of  a profession  in  which  bis  genius  ena- 
bled him  to  excel,  and  attract  the  approbation  of  the  pub- 
lic, in  the  tame  manner  as  his  private  worth  endeared  him 
to  society.  In  1763  he  opened  a shop  in  the  Hayinarket ; 
but  in  1775  he  removed  to  Piccadilly,  where  he  carried  on 
Igusiness  till  his  death. 

Mr.  R.  greatly  improved  Hadley's  quadrant,  or  sex- 
tant; and  he  invented  a curious  machine  fur  dividing  ma- 
thematical instruments  ; for  which  discovery  be  received 
apremium  from  the  board  of  longitude.  He  also  improved 
the  construction  of  the  theodolite,  as  well  as  the  barome- 
ter for  measuring  the  heights  of  mountains.  The  pyrome- 
ter for  measuring  the  dilatation  of  bodies  by  heal,  also 
employed  bis  talents ; and  be  made  many  impoilant  dis- 
coveries and  improvements  in  optics.  But  his  iistrotiu- 
mical  instruments  appear  to  have  been  the  principal  of  his 
works.  Hr  improved  the  relracting.giicrometer,  as  also 
tbc  transit  instrument  and  quadrant.  He  procured  a pa- 
tent for  an  improved  equatorial.  His  mural  quadranis 
were  excellent,  and  much  sought  for. — Mr.  Uamsden  was 
chos<'H  a fellow  of  tbc  Royal  Society  in  1780'— ^Being  al- 
ways of  .*i  slender  frame  of  body,  as  well  us  of  delicate  con- 
stitution, ill  bis  latter  yearn  his  health  gradually  declined  ; 
to  recruit  wbicb,  he  had^*tirv*d  to  IRjghlhi'linstone,  where 
he  died  as  before  observed. 

HA.MUS  (Pei'Rr),  a celebrated  French  mathematician 
and  philosopher,  was  born  in  1515.  in  a village  of  Verman- 
doisin  Picardy.  He  was  descaMdc*d  of  a respectable  family, 
which  had  been  reduced  to  extreme  poverty  by  the  wars 
and  olhcT  misfortunes.  His  own  life  too,  say*  Bayle,  was 
the  sport  of  fortune.  In  bis  infancy  lie  was  twice  atlacki  !l 
by  the  plague.  At  an  early  Hgu,  a thirst  for  leurnirg 
urged  him  to  go  to  Paris  ; but  be  was  soon  forced  by  po- 
vcrly  to  leave  that  city.  He  returned  to  it  again  as  souft 
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a»  he  could  ; bat,  being  unable  to  support  himself:  he  left 
it  a second  time : yet  his  passion  for  study  was  so  violent, 
that  notwithstanding  his  had  success  in  the  two  former 
visits,  he  ventured  on  a third,  lie  was  maintained  there 
some  months  by  one  of  liis  uncles*,  after  which  he  was 
obliged  to  bi‘cume  a servant  iiv  tht?  college  of  Navarre. 
Here  he  spent  the  day  hi  waiting  on  his  musters,  and  the 
gn*ale«tpart  of  the  night  in  study* 

After  basing  finish^  classical  learning  and  rhetoric,  he 
went  through  a course  of  philosophy,  which  took  him  up 
three  years  and  a half  in  the  schools;  -but  the  thesis,  which 
he  ma<ie  for  hiv  aiaster>of>arts  degrees,  offeiidetl  every  one ; 
for  he  maintained  in  it,  that  all  that  Aristotle  had  ad- 
vanced was  false ; and  be  gave  very  grod  unswers  to  the 
objections  of  the  professors.  This  succeu  encouraged  him 
to  examine  the  doctrine  of  Aristotle  more  closely,  and  to 
combat  it  vigorouvly':  but  be  conhiied  himself  chiefly  to 
his  logic,  'i'he  two  first  books  he  published,  the  one  en- 
titled, institutioncs  Dialectical,  the  other  Amtotihca: 
Animadversiones,  occ^isioucd  great  disturbances  in  the 
university  of  Titris.  The  pru{ea»ors  there,  who  were 
adorers  of  Aristotle^  ought  to  hai'e  refuted  Uuinus's  books, 
if  they  could,  by  writings  and  lectures  t hut  instead  of 
confining  themselves  within  the  just  bounds  of  academical 
wars,  they  prosecuted  this  anti*|>eripatctic  before  Uu*  civil 
magistrate,  as  a man  who  was  going  to  sap  the  foundations 
of  religion.  They*  raised  such  clamours,  that  the  cause 
was  carried  hefon*  the  parliament  of  Paris : but.  perceiving 
that  it  would  be  examined  equably,  bis  cnainies  by  their 
intrigues  took  it  frum  that  tribunal,  to  bring  it  before  the 
king's  council,  in  1543.  The  king  ordered,  that  Hamus 
and  Anthony  Govea,  vilio  was  his  principal  adversary, 
should  choose  two  Judges  each,  to  pronounce  on  the  con- 
troversy, after  they  should  have  ended  their  disputation: 
while  he  himself  appointed  a deputy.  Ramus  appeared 
before  the  five  judaes,  though  three  of  them  were  his  de- 
clared enemies.  The  dispute  lasted  two  days,  and  Gov|u 
bad  ait  the  advantages  he  could  de>ire;  Ramus's  boi>ks 
being  prohibited  in  all  parts  of  the  kingdom, and  their  au- 
thor seiilencc'd  not  ti>  leach  philosophy  any  longer;  upon 
which  hisenemics  triumphed  in  the  most  indecent  manner. 

The  year  after,  the  plague  made  great  havoc  in  Paris, 
and  forced  most  of  the  students  in  the  college  of  Presle  to 
quit  it ; but  lliimus,  being  prevailed  on  to  leach  in  it,  soon 
rlrew  together  a great  numb«*r  of  auditors.  The  8ori>onnc 
attempted  in  vain  to  drive  him  f^jin  that  college;  fur  be 
held  the  headship  of  that  house  by  arret  of  parliament : 
and  through  the  patronasr  and  protection  of  the  cardinal 
of  Lorrain,  he  obtained  from  Henry  the  2d,  in  I547»  *hc 
liberty  of  speaking  and  writing,  and  the  regal  professorship 
of  philosophy  and  eloquence  in  1551.  The  imrliament  of 
Paris  had,  before  this,  maintained  him  in  the  liberty  of 
joining  philosophical  h eturv's  to  those  of  eloquence ; and 
this  arr^t  or  drCrre  hud  put  an  end  to  saveral  prosecutions, 
which  Ramus  and  pupils  ha^suHcn  d.  As  soon  as  he 
was  made  regius  professor,  he  was  fired  with  a new  zeal 
for  improving  the  sciences,  notwithstanding  th(;  hatred  of 
bis  enemies,  w ho  were  never  at  rest.  ' 

Ramus  iHiri'iit  that  time  a part  in  a very  singular  atTair. 
About  the  year  I5j0,  the  royal  professors  corrected, 
among  other  aimvfs,  that  which  had  crept  into  the  prcH 
nunciation  of  tin  Latin  tongue.  8orae  of  the  clergy  fol- 
•towrd  this  regulation;  but  the  SorbonnisU  were  much 
oiTcnded  at  it  as  an  innovation,  ami  defended  the  old  pro- 
Bunemtion  with  great  zeal.  Tilings  at  length  vverc  carried 


to  for,  that  a minister,  who  had  a goad  living,  was  very 
ill  treated  by  them;  and  caused  to  be  ejected  from  his 
benefice  for  having  pronounced  (ptUquiSf  tjuanquuM^  uc- 
cordiog  toihe  new  way,  iusieud  ol  k.ikisy  ilronl'aiN,  accord- 
ing to  the  old.  The  minister  applied  to  the  purliament ; 
and  the  royal  professors,  with  Ramus  among  them,  fearing 
be  would  fall  u victim  to  ilie  credit  nnrl  authority  of  the 
faculty  of  divines,  for  presuming  to  pronounce  the  Latin 
tongue  according  to  their  regulations,  thought  it  incum- 
bent uii  them  to  iissist  him.  They  accordingly  went  lu  the 
court  of  ^istice,  and  rc^'senird  in  such  strong  terms  the 
indignity  of  the  pruM'CUtiun,  that  the  minister  was  clcai»d, 
and  every  person  had  the  liberty  of  pronouncing  as  he 
plcastfd. 

Ramus  was  bred  up  in  the  Catholic  religion,  but  after- 
wards  deserted  it.  He  first  bi'gan  to  discover  his  mnv 
principles  by  removing  the  imagi-s  from  the  chapel  of  hit- 
college  of  Fro»l«‘,  in  1552.  On  this  account  such  a per- 
tccutioii  was  raised  against  him  by  the  religionists,  as  vv^R 
as  Aristotelians,  that  he  was  driven  out  of  his  professor- 
ship, and  obliged  to  conceal  himself.  Tor  that  pui|>ose, 
with  the  king’s  leave  he  went  to  Tontainbltau  ; vviure,  by 
the  help  of  books  in  the  king's  library,  he  profti*cuUxl  geo- 
metrical and  astruiiomical  studies.  As  soon  as  hjs  eneiuies 
found  out  his  retreat,  they  renewed  tlteir  pt'rsecutions ; 
and  be  wus  forcetl  to  conceal  hiin&c'lf  in  several  other 
places.  In  the  mean  time,  his  curious  and  excelh-nt  col- 
lection of  bmiks  in  the  college  of  Fresic  was  plundered  : 
but  uiu-r  a peace  was  concluded  in  15(i3,  lietcvei-n  Charles 
the  <ltb  ami  tiie  Frotestants,  he  again  took  povM-ssion  of 
his  employment,  maintained  himself  in  il  vvith  vigour,  and 
was  particularly  zealous  in  promoting  tJie  study  of  the 
miiiheinuiics. 

T his  contmurd  till  the  secoml  civil  war  in  156*7,  vvhen 
he  was  lorcerl  to  leave  Fans,  and  shelter  himself  among 
the  Mugoiiois,  in  wrhoM*  army  he  was  at  the  baltle  of  bt, 
Denys.  Peace  having  been  c«nclud«!  Mime  months  after, 
he  was  restored  to  his  professorshi[>  ; but,  foreseeing  that 
the  war  would  soon  break  out  again,  he  did  nut  cure  to 
veiiturehiinself  in  a fn^h  storm,  and  iheTcfore- obtained  the 
king's  leave  to  visit  the  universities  of  Germany.  He  ac- 
cordingly undcrii>ok  this  journey  in  l.56'5,  and  received 
great  honours  wherever  he  came.  Ho  returned  to  France, 
after  the  third  war  in  15/1  ; and  lost  his  life  miw'nihly, 
in  the  massacre  of  bt.  Haitholomew's  <lay,  1572,  at  .5/ 
years  of  age.  It  is  said,  that  he  was  concealed  in  a gra- 
nary during  ihe  (uinuit ; but  discovered  and  dragged  out 
by  some  peripatetic  doctors  who  Imtcxl  him;  who,  after 
siripptng  hint  of  all  his  money  under  pretence  of  prest  rving 
his  life,  gave  him  u^ito  the  assassins,  who,  after  cutting  his 
throat  ami  giving  him  many  wounds,  threw  him  out  of  the 
vvinduw ; and  his  boweU  gusliing  out  in  the  fall,  some 
Aristotelian  scholan,  rneoiir.iged  by  their  masters, 
spread  them  about  the  strwrB ; then  drncg‘  d his  body  in 
a most  ignominious  manm  r,  and  threw  it  into  the  river. 

Ramus  was  a great  orator,  a niHii  of  iiniversnl  learning, 
and  endow  ed  with  very  linequaliiu-s.  He  wa>  sober,  tem- 
perate, and  chaste,  lie  a e but  little,  and  that  of  boiled 
meat ; and  drank  no  wine  till  tin*  latter  part  of  liis  life, 
when  it  was  prescribed  by  tin-  pbvsicians.  He  lay  upon 
straw;  ruse  early,  and  stmlud  hard  all  duy;  and  Jed  a 
single  life  with  the  utmost  purity.  He  was  zealous  fur  the 
pnitc*stant  religion,  but  at  the  same  lime  alinle  obstinate, 
and  given  to  contradiction.  The  protostant  ministers  did 
not  love  him  much,  for  he  made  himself  a kind  of  bead 
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of  a party,  to  change  the  discipline  of  the  protcslanl 
cburcho!!  : liis  design  was  to  iiilroduce  a democratical  go* 
vermiient  in  the  church,  but  this  design  was  traversed,  and 
dereat(Hi  in  a national  synod,  fiissect  Nourished  however 
tor  same  limr  aflerwards,  spreading  pretty  much  in  Scot* 
« land  and  England,  and  still  more  in  Germany. 

lie  published  a great 'litany  books;  but  mathematics 
was  cliietly  obliged  to  him.  Of  thk  kind,  his  writings 
were  principally  these  following: 

1.  ^holarum  Maihemalicarum  libri  31. 

2.  Ariihmeticas  libri  duo. — Algi^br*  libri  duo. — Geo- 
metiix  iibri  27> 

These  were  greatly  enlarged  and  expiainetl  by  Schoncr, 
and  published  in  2 volumes  4to.  There  were  several  I'd!* 
tions  of  them  ; mine  is  that  of  l6'27.  at-Frankfurt — The 
geometry,  which  is  chiefly  practical,  was  translated  into 
English  by  Willitt  m Bedwell,  and  published  in  4tu,.at 
Loudon,  1036'. 

3.  He  published  also  a singular  book  on  geometry, 
being  the  15  books  of  Euclid  ; containing  only  the  deiini- 
tions,  and  general  enunciations  of  the  proposiiiuns,  without 
diagrams  or  demonstrations.  In  a kind  of  preface,  hesi)H 
he  thinks  it  bettor  for  the  teacher  to  suppress  these.  Paris, 
1558,  4CO,  fot.  44. 

UANDOM*Siiot,  isashot  discharged  with  thcaxUof 
the  gun  elevated  above  the  horizunlal  or  point-blank  di* 
rerrion. 

Ka  » Dost,  of  a shot,  also  sometimes  mcBiu  the  range  of 
it,  or  the  disiancr-  to  which  -it  goes  at  the  first  graze,  or 
where  it  strike.**  the  ground.  See  Hakoe* 

RANG  !'.,  in  Gunnery,  sometimes  means  the  path  a shut 
flics  m.  But  more  usually 

Ra KO  c im  ans  the  distance  to  which  the  shot  flies  when 
it  strikt^tlie  ground  or  other  object,  called  also  the  ampli* 
tude  of  the  shut.  But  range  is  the  term  in  pre-sent  use. 

\Verc  it  n*it  for  the  resistance  of  the  air,  the  greatest 
range,  ima  horizontal  plane,  would  be  when  the  shot  is 
dischargeil  at  an  angle  of  45^  aU»vc  the  hnilzon  ; and  all 
other  ranges  wouhl  be  the  less,  the  more  the  angle  of  clc* 
vation  is  above  or  Im‘1<iw  45^;  hut  so  as  that  at  equal  di* 
stances  above  and  Udow  45^,  the  two  ranges  arc  equal  to 
each  other.  Hut.  on  account  of  the  romance  of  the  air, 
the  ranges  are  ullereil,  and  that  in  diflmmt  pn>p«rtion«, 
b(»tb  for  the  different  sizes  of  the  shot,  and  their  difTcrent 
velocities:  so  that  the gre^atest  range,  in  practice,  always 
lies  below  the  elevation  of  45^,  and  the  more  below  it  us 
the  shot  is  smaller,  and  aois  veWiiy  is  greater ; thus 
the  smallest  hiflU,  discharged  with  the  greatest  velocity  in 
practice,  range  the  I'arlhi'st  with  an  elevation  of  30^  or 
under,  while  the  largest  shot,  with  very  small  velocities, 
rang*!  Iu-il»csl  with  nearly  45*^  elevation ; and  at  all  the  iq- 
icrmeduite  deercesin  the  other  cases.  Jsee  Projectiles, 
in  Physics,  is  the  quality  of  a body  that  is  wry 
porous  whose  parts  are  at  a great  distance  from  one  ano- 
ther, and  which  contains  hut  little  matter  mider  a great 
magnitude.  In  which  sense' rare  stands  opposed  to  dense. 

'I'iie  Corpuscular  philosophers,  viz,  the  Epicureans,  Gas* 
sendists,  Nrwiuni.ins,  assert  that  some  IkkIIcs  are  rarer 
than  others,  in  virtue  of  a greater  quantity  of  port**,  or  of 
vacuity  lying  betw«>cn  their  parts  or  particles.  The  Car- 
tesians hold,  that  a gre  ater  raritv  only  consists  in  a giouer 
quantity  of  materia  subtilis  conluiued  in  the  |K>res.  And 
lastly,  the  Penpatrttes  contend,  that  rarity  is  a new  qua- 
lity superinduced  on  a body,  without  any  dependence  on 
cither  vacuity  or  subtile  mouer. 


RAREFACTION,  in  Physics,  the  .rendering  a body 
rarer,  that  is  bringing  it  t.»  (‘xpuador  occupy  mure  room 
or  space,  without  theacct  -moh  i»i  new  mutter : being  thus 
opposed  to  condensation,  i he  mure  accurate  writers  re- 
strict the  term  rnrcfaction  to  that  kind  of  expansion  which 
is  eflecled  by  incatiHof  heat : and  the  expansion  from  other 
causes  they  terra  Dilntation  ; if  indeed  there  be  other 
causes;  for  though  some  pliiiosopbers  have  attributed  it 
to  the  action  of  a repulsive  principle  in  the  matter  itself; 
yet  from  the  many  discoveru'S  concerning  ibcnaturuand 
propt-rties  of  the  electric  fluid  ami  fire,  there  is  great  rea- 
son to  believe  that  tins  repulsive  principle  is  no  other  than 
clcmenlary  fire. 

. The  Cartesians  deny  any  such  thing  as  absolute  rare- 
faction : extension,  according  to  them,  constituting  the 
essence  of  inotier,  being  obliged  to  hold  all  extensioQ 
equally  full.  Hence  they  make  rarefaction  to  be  no  other 
than  III!  accession  of  fresh,  subtile,  and  insensible  matter, 
which,  entering  the  parts  of  bodies,  sensibly  distends  them. 

it  i>  by  rarehiction  that  gunpowder  has  its  cflect ; and  to 
the  same  principle  iiUo  we  uwc^colipites,  tbcrmomcicrs, 

5cc.  As  to  the  air,  the  dt'gree  to  which  it  is  rarefiafllc  ex- 
ceeds all  imagination,  experience  having  shown  it  to  be  far 
above  10,000  time**  mure  than  the  usual  state  of  rhe  at- 
mosphere; and  A>  it  IS  found  to  be  above  1500  times  * 
dcDM'r  in  gunpowder  than  the  aimospherr,  it  follows  that 
e.xpertence  has  found  it  differ  by  about  15  millions  of  limes. 
Perhaps  indeed  its  degree  of  expansion  is  absolutely  be- 
yond all  limits. 

Such  immense  rarefaction,  Newton  obierm,  is  incon- 
ceivable on  any  other  principle  than  tha:  '*f  a repelling 
force  inhereut  in  (he  nir,  by  which  its  particles  mutually 
tly  from  one  another.  'I'his  repelling  force,  he  observes, 
is  much  more  considerable  in  air  than  in  other  bodies,  as 
being  generated  from  the  most  fixed  bodies,  and  that  with 
mucii  diflictilty,  and  scarcely  without  ferrorntation  ; tlioso 
particles  l>eiiig  always  found  to  fly  from  each  other  with 
the  greatest  force,  which,  when  in  contact,  cohere  the 
most  firmly  together.  See  Air. 

On  the  rarefactK>n  of  the  air  is  founded  the  useful  me- 
thod of  measuring  altitudes  by  the  barometer,  in  all  the 
cases  of  which,  the  rarity  of  the  uiHs  found  to  be  inversely 
as  the  force  that  compresses  it,  or  inversely  as  the  weight 
of  all  the  air  above  it  at  any  place. 

RARITV,  thinness,  suhtirty ; the  contrary  to  density. 

KA  rCTI,  or  Rash,  in  Clock-Work,  a kind  of  wheel 
having  12  fangs,  which  htvc  to  lift  up  the  detents  every 
hour,  to  make  the  clock  strike. 

RATCIIF.TS,  in  a Watch,  arc  the  small  teeth  at  the 
bottom  ofthe  fusee,  or  barrel,  that  stop  it  in  winding  up. 

RATIO,  according  to  Euclid,  is  the  habitude  or  rela- 
tion of  two  magnitudes  of  ibc  same  kind  In  respect  of 
quantity'.  So  the  ratio  of  2 to  I is  double,  that  of  3 to  1 
triple,  ^c.  Several  miitbfhialicianv  liavc  found  fault  with 
KudidV  definition  of  a ratio,  ami  otheis  have  os  much 
fended  it,  especially  Ur.  Bnrrow,  in  his  Malbcmatical 
Lectures,  with  great  skill  and  leaniing. 

Ratio  is  sorocliincs  contuundril  with  proportion,  bOt  ^ 
very  impropi'rty,  as  being  quite  difh  rrnl  things  ; for  pro- 
portion is  the  similitude  or  equality  or  identity  of  two  ra- 
tios. So  the  ratio  of  6’  to  2 is  the  Mime  as  Utal  of  3 to  1, 
and  the  ratio  of  15  to  5 is  that  of  3 to  1 also;  and  there- 
fore the  ratio  of  6 to  2 is  similar  or  equal  or  the  same  with  • 
that  of  15  to  5,  which  constitutes  proportion,  being  thus 
expressed,  6 is  to  2 os  15  to  5,  or  thus  6 ; 2 ; : 15:5, 
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which  meatic  (he  .ffltne  thing.  So  that  ratio  exist*  bo 
tween  two  u-rmsf  but  proportiun  between  two  ratios  or  four 
terms. 

The  two  quantities  that  are  compared,  arc  called  tho 
Terms  of  the  ratio,  as  6 and  2 ; the  tirsl  of  these  6 being 
called  the  Antcc  'dent,  and  the  latter  2 the  Consequent. 
Also  tbe  Index  cr  Esponent  of  the  ratio,  is  the  quotient 
of  the  two  terms . so  the  index  of  the  ratio  of  6 to  2 is  ^ 
or  aitd  whiciris  therefore  called  a Triple  ratio. 

Wwitius  divides  ratios  into  Rational  and  Irn  tional. 

Rational  Ratio  is  that  which  can  be  expressed  between 
two  rational  numbers;  as  the  ratio  of  6 to  2,  or  of  6v^3 
to  3 to  I,  Ami 

JrratioHdl  Ratio  is  that  which  cannot  be  expressed  by 
that  ot  one  rational  number  to  another;  as  (he  ratio  of 
^(y  to  or  of  to  root  ^/|,  that  is  to  I,  which 
cannot  beexpresuM  in  ntional  numbers. 

When  the  two  terms  of  a ratio  are  equ^l,  the  ratio  is 
said  to  bo  that  of  Equality  ; as  of  3 to  3,  whose  index  is 
1,  denoting  (he  single  or  equal  ratio.  Rut  when  the  terms 
are  not  equal,  as  of  (i  to  f,  it  is  a Ratio ol  Inequality. 

Further,  when  the  antecedent  is  the  greater  term,  as  in 
6 to  2,  it  is  said  to  be  tlie  Ratio  of  Greater  Inequality: 
but  when  the  antecedent  is  the  less  term,  as  in  the  ratio 
of  2 to  (i,  it  is  said  to  be  the  Ratio  ofLoss  Inequality.  In 
the  former  case,  if  the  less  term  be  an  aliquot  part  of  the 
greater,  the  ratio  of  greater  inequality  is  said  to  be  Multi* 
plex  or  Multiple;  and  the  ratio  of  the  less  inequality, 
Sub'mukipie.  Particularly,  in  the  6r$t  case,  if  the  expo- 
nent of  (he  ratio  biT  2,  as  in  6‘  to  3,  the  ratio  is  called 
Duple  ornoubie ; if  S,  as  in  6 to  2,  it  is  Triple  ; and  so  on. 
In  the  second  case,  if  the  ratio  be  as  in  3 to  6,  the  ratio 
is  called  bubduple ; if  y,  as  in  2 to  it  is  Subtriple  ; and 
so  on. 

If  the  greater  term  contain  the  less  once,  and  one  ali- 
quot part  of  the  same  over ; the  ratio  of  (he  greater  in- 
equality is  called  Su}>erparticu]ar,  and  the  ratio  of  the  U>ss 
Subsuperparlicular.  Particularly,  in  the  fir^t  case,  if  the 
exponent  bi' ^ or  1|,  it  is  called  Sesquialteratc ; ifforly, 
Scsquitertial  ; Ac.  In  the  other  case,  if  the  exponent  be 
f,  the  rutio  is  called  S^sosquiallcratc  ; if  it  is  subscs- 
quitertial.  , 

When  the  greater  term  contains  tbe  less  once  and  seve- 
ral aliquot  parts  over,  the  ratio  of  the  greater  inequality  is 
called  Suprrpartivns,  and  that  of'  the  Im  inequality  is 
Subsuperparttens.  Particularly,  in  the  fo^^mcr  case,  it  the 
exponent  be  ^ or  tf,  the  ratio  is  called  Suprrbiparticnstcr- 
(ia«  ; if  the  expomnt  be  Jor  1 Superlripurtiens  quarlas ; 
if  or  Superquadripartiens  stpiimas;  6cc.  In  the 
latter  rase,  if  the  cxp<»nerit  bt*  (he  reciprocals  of  the  for- 
mer, or  t,  (he  ratio  -is  called  bubsupcibipartiens  tertias; 
if  Subsupcrlripariiens  quartan;  if bubsuperquadri- 
parlieos  leptimas ; -i\c. 

When  the  gre  ater  term  cotiAins  the  less  several  times, 
aod  some  one  part  over  ; the  ratio  of  the  greater  inequa- 
lity is  called  MiiItipleX'SuperparticulHr ; and  the  ratio  of 
the  lets  inequality  is  railed  ^uhmuliiplex  subsuperparti- 
,cular.  Particularly,  in  the  former  case,  if  the  exponent 
be  j or  21,  the  ratio  is  called  Dupla  sesquiakcra ; if  y 
or  3{,Tripla  scsqciquarla,  he.  In  tbe  latter  case,  if  the 
exponent  be  -f,  the  ratio  is  called  Subdupla  subsesquial* 
term  ; if  Subtripla  subst-squiquarta,  he.  Lastly,  when 
the  greater  term  contains  the  less  several  times,  and  several 
aliquot  parts  over ; the  ratio  of  the  greater  inequality  is 
called  Multiplex  superpartictis;  that  of  tbe  less  inequa- 


lity, Submulliplcx  subsuperpartiens.  Particularly,  in  the 
former  case,  if  the  exponent  be  J or  2J,  the  ratio  is  called 
Dupla  superbipartiens  tertias;  if  y or  3^,  Tripla  super- 
biquadriparliens  seplimas,  6fC.  In  the  latter  case,  if  the 
exponent  be  the  ratio  is  called  Subdupla  subsuptrbi- 
partiens  tertias;  if  Subtripla  subsiiperquadripartiens 
ieptimas ; &c.  * 

Those  are  the  various  denominations  of  rational  ratios, 
names  which  are  very  necessary  to  the  reading  of  the  an- 
cient authors  ; though  they  occur  but  rarely  among  the 
modem  writers,  who  use  instead  of  them  the -smallest  nu- 
meral terms  of  the  ratios ; such  as  2 to  I for  duple,  and  3 
to  2 for  sesquiaherutc,  &c- 

Compound  Ratio,  is  that  which  it  made  up  of  two  or 
more  other  ratios,  viz,  by  multiplying  the  exponents  toge- 
ther, and  so  producing  the  compound  ratio  of  the  pro- 
duet of  all  the  antecedents  to  the  product  of  all  the  coo- 
sequents.  Thus  tlie  compound  ratio  of  5 to  3, 
and  7 to  4, 
is  the  ratio  of  -----  • 33  to  12. 
Particularly,  if  a ratio  be  compounded  of  two  equal  ra- 
tios, it  is  called  the  Duplicate  ratio ; if  of  three  equal  ra- 
tios, the  'J'riplicate  ratio ; if  of  four  t-qual  ratios,  the  Qua- 
druplicate ratio  ; and  »o  on,  according  to  the  powers  of 
the  exponents,  for  all  Multiplicate  ratios.  So  the  several 
tnuliiplicate  ratios  of 

the  simple  ratio  of  - - 3 to  2,  are  thus,  vis, 
the  duplicate  ratio  • • : 4, 

the  triplicate  niiu  - - 27  : 8, 
tho  quadruplicaleratio  81  : 10,  dec. 
iVoper/i>i  qf*  Ratios.  Some  of  (be  more  remarkable 
properties  of  ratios  are  as  follow : 

J.  The  like  multiples,  or  the  like  parts,  of  the  terms  of 
a ratio,  have  the  same  ratio  as  tbe  terms  themselves.  So 

a : bf  and  na  : nb,  and  — are  all  tbe  same  ratio. 

2.  If  to,  or  from,  (he  terms  of  any  ratio,  -be  added  or 
subtracted  either  thdr  like  parts,  or  their  like  multiples, 
the  sums  or  remainders  will  still  have  the  same  ratio.  So 

a ; b,  and  a ± no  : 6 ± a4,  and  o ± ^ i ^ ± “ ere  *11 
the  same  ratio. 

3.  When  there  are  several  quantities  in  (he  same  con- 
tinued ratio,  a,  fi,  c,  d,  e,  &c;  whatever  ratio  the  hrst  has 
to  the  2d, 

the  1st  to  (he  3d  has  the  duplicate  of  that  ratio, 

* (he  1st  to  the  4th  has  the  triplicate  of  that  ratio, 
the  1st  to  the  3th  has  the  quadruplicate  of  it, 
and  so  on.  Thus,  the  terms  of  the  continued  ratio  being 
I;  ’^*1  where  each  term  has  to  the  tollow- 

ing  one  the  ratio  of  1 to  r,  the  latio  of  iheTst  to  the  2d  ; 
then  1 : r*  is  the  duplicate,  1 : H the  triplicate,  1 : r*  the 
quadruplicate,  and  so  on,  according  to  the  powers  of  1 : r . 
> For  other  properties  see  pRovoRTioN.  , 

To  fippjoximate  to  a Ratio  w rmo//<r  Termf. — Dr.  Wal- 
lis, in  a small  tract  at  (he  end  of  Horrox's  works,  treats 
of  the  nature  and  solution  of  this  problem,  but  in  a very 
tedious  way ; and  he  has  prosecuted  the  same  to  n great 
length  in  his  Algebra,  chap.  10  and  11,  where  he  particu- 
larly applies  it  to  the  ratio  of  the  diameter  of  a circle  to 
its  circumfcrrnce.  Mr.  Huygens  too  has  given  a solution, 
with  tbe  reasons  of  it,  in  a much  shorter  and  more  natu- 
ral way,  in  his  Descrip.  Autom.  Plarn’t.  Opera  Reliqua, 
voLl,  pa.  174.  Tbe  same  has  also  Mr.  Coles,  at  tbe  be- 
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ginning  of  hU  Harmon.  Mensurarum.  And  several  other 
persons  have  done  the  same  thing,  by  the  same  or  similar 
mclhoilv. 

The  problem  U very  useful,  for  expressing  a ratio  in 
small  numbers,  that  shall  be  near  enough  in  practice,  to 
any  gisrn  ratio  in  large  numben,  such  as  that  of  the  iiia< 
meter  of  a circle  to  its  circumference.  The  principle  of 

all  these  melhorls,  consists  in  reducing  the  terms  of  the  of  the  proposed  ratio  arc  ^ ; the  2d 

proposed  ratio  int»*  a series  of  what  are  called  continued  . . aa  . 7 iia 

fractions,  by  dividing  the  greater  term  by  the  less,  and  the  these,  vjU,  — , being  the  approxinKUion  of  Archimedes} 
less  by  the  remainder,  and  so  on,  nluays  the  last  divisor 
by  the  la»i  remainder,  after  the  manru  r of  hnding  the 
greatest  common  nicasurc  of  the  two  terms ; then  con* 
necting  all  the  quotients  &c  together  in  a series  of  con* 
tiriucd  fractions;  and  lastly  collecting  gradually  these 

fractions  together  one  after  ainother.  So  if  - be  any 
fraction,  or  the  exponent  of  any  ratio;  then  dividing  thus, 
fl)  t>  (c 
d)  a (g 

h)JJi 
k)JJl 
6cc, 

gives  c,  e,  g,  I, /Ire,  for  the  several  quotients,  and  these, 
formed  in  the  usual  way,  give  the  approximate  value  of 
the  given  ratio  in  a series  of  coutinued  fractions;  thus. 


SCO-  — 


and  the  4tki,  Hz, is  that  of  Metius,  which  » very 

near  the  truth,  being  equal  to  - - 3*1415p29, 

the  more  accurate  ratio  bving  - • 3T4I5927. 

Tht  Doctrine  Hutioi  and  Proportions^  as  delivered  by 
Euclid,  in  the  tifth  book  of  his  Elements,  is  considered 
by  mi>st  persons  as  very  obscure  and  objectionable,  parti* 
cularly  the  definition  of  prupurtioiialily  ; and  several  in* 
geniuus  men  have  < ndeavound  to  elucidate  that  subject. 
Among  these,  ihcUev.  br.  Abrum  Ki’berison,  of  Oxlbrd, 
proles.  ofAslruii.  printed  a nyu  liltic  paper  therein  178s^, 
for  the  use  of  his  classes,  being  u demoiistialiuii  of  that 
definition,  in  7 pn»pusitioiis,  the  substance  of  wbicli  i»  as 
follows.  Hu  Jirst  premises  ibis  advcriisomenl : 

**  As  demonstrations  depending  upon  pri^portionoJity 
pervade,  every  branch  of  mathematical  science,  it  is  a 
mutti^r  of  the  highest  importance  to  estublisb  it  U|)on  clear 
and  indisputable  principles.  Most  matbcniaticians,  both 
ancient  and  modern,  have  been  of  opinion  that  Euclid  box 
fallen  short  of  bis  usual  perspicuity  in  this  particular. 
Some  have*  questioned  the  truth  ol  (ho  definition  upon 
which  he  has  founded  it,  and  almost  all  who  have  admitted 
its  truth  and  validity  have  objected  to  it,  as  a definition. 
The  author  of  the  following  propositions  ranks  himself 
amongst  objectors  of  the  lasi-meniioncd  description.  Ho 
thinks  that  Euclid  must  have  founded  the  definition  in 
question  upon  the  reasoning  conuined  in  the  first  six  de* 
monstratioiis  here  given,  or  ujKm  a similar  train  of  think* 
*ing  ;*  and  in  his  opinion  a definition  ought  lo  be  as  simple, 
or  as  free  from  a multiplicity  of  cuiiditiotis,  as  thcaubject 
will  admit**’ 

He  then  lays  down  these  four  definitions  : 

“ i.  Ratio  is  the  relatiop  which  one  tnngniuidc  has  to 
another,  of  the  same  kind,  with  lespect  to  quantity.” 

“ 2.  if  the  first  of  four  magnitudes  be  exactly  as  gre*ae 
w hen  compared  to  the  second,  us  the  3d  is  when  compared 
to  the  fourth,  the  fust  is  said  to  have  to  the  second  the 
Hence  comes  this  general  rule  : flaving  found  any  two  of  same  ratio  that  the  third  has  to  the  fourth.” 
these  values,  multipiy  the  terms  of  the  latter  of  them  by  “ 3.  If  ibe  first  of  four  miigiiitudr's  be  greater,  when 
the  next  quotient,  and  to  the  two  products  add  the  cor*  compared  to  the  second,  tb«m  the  third  is  when  compared 


&c. 


Then  collecting  the  terms  of  this  series,  one  after  another, 
so  many  values  of  — arc  obtained,  always  nearer  and 


nearer;  the  first  value  being  c or  the  next 


in  like 


the  4tb  value  is  - 
the  5th  value  is  - 


=s  — ; &c. 


responding  terms  of  the  former  value,  and  the  sums  will 
be  the  terms  of  the  next  value,  itc.  • 

For  example,  let  it  be  required  to  find  a series  of  Rtios 
in  lesser  numbers,  constautly  approaching  to  the  ratio  of 
1 00000  to  314159,  or  nearly  the  ratio  of  the  diameter  of 
a circle  to  its  circumference.  Here  first  dividing,  thus, 
100000)314159  (3  = c 

d = 14159)  100000(7  ^ e 

/=  887)i4I59(  15  ag 

A = 854  )8S7  ( 1 = i,  &c. 

ficc, 

there  are  obtained  the  quotients  3,  7,  15,  I,  25,  J,  7,  d. 
Hence  3 or-^  =:  c,  the  1st  value;  ♦ 


to  the  fourth,  the  first  issaid  to  have  to  the  second  a greater 
ratio  than  the  third  Inu  to  the  fourth.” 

4.  If  the  first  of  four  magnitudes  be  less,  when  com* 
pared  to  the  st'cond,  than  the  third  is  when  coinpared'to 
the  fourth,  the  first  is  said  to  have  to  (he  second  a less 
ratio  than  the  third  has  to  the  fourth.” 

Dr.  Robertson  then  delivers  the  propositions,  which  are 
the  following : 

**  J*rop,  I.  Jf  the  first  of  four  roagniiu()«*s  have  to  the 
second,  the  same  ratio  which  thu  (bird  husto  the  fourth  ; 
then,  if  the  first  be  equal  to  the  second,  IhAbird  is  equal 
lo  the  fourth;  if  greater,  greater;  il  less,  less.” 

“ Prop.  2.  If  the  first  of  four  magnitudes  be  to  the  se- 
cond as  the  third  Co  (he  fouilb,  ami  if  any  equimuUiplca 
whatever  of  the  first  and  third  be  lakcn,  and  also  any 
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equimultiple  of  the  »eco»d  and  fourth  ; the  multiple  of 
the  first  tAill  be  to  the  multiple  of  the  second  as  (he  mul- 
tiple of  the  third  lu  the  mulii|4c  of  the  fourth/' 

**  Prop.  3,  It  the  tir>i  of  four  magnttudLS  hi*  to  the  sc- 
cotid  as  the  third  to  the  foiiiUi,  and  if  any  like  aliquot 
parts  whatever  be  taken  of  the  first  aad  third,  and  -any 
like  aliquot  parts  whatever  of  the  second  and  fourth,  the 
part  of  the  lin»t  will  be  to  the  part  of  the  M'Coiid  as  the  |Mul 
of  the  third  to  the  part  of  the  fourth." 

Ptvp.  4.  If  the  Cm  of  four  nia^itudcs  be  to  the  se- 
cond as  the  third  to  the  fourth,  and  if  any  equimultiples 
whatever  be  taken  of  the  first  and  third,  and  any  wlmt- 
ever  of  the  second  ahd  fourth  ; if  the  imiltiple  of  the  first 
be -equal  to  the  multiple  of  the  second,  the  multiple  of  the 
third  will  be  equal  to  the  multiple  of  the  fourth;  if  greater, 
greater  ; if  less,  lesi.* 

•*  Prop.  5.  If  the  first  of  four  magnitudes  bi'  to  the  se- 
cond as  the  third  is  to  a magnitude  has  than  the  fouith, 
then  it  is  {lOfsible  to  take  certain  cqiiiniiiltiples  of  the  first 
and  third,  and  certain  equimultiples  of  the  second  and 
fourth,  such,  that  the  multiple  of  the  first  shall  lie  greater 
than  the  multiple  of  the  second,  but  the  multiple  <>f  the 
third  not  greater  than  the  multiple  of  the  fourth." 

**  Prop.  6.  If  the  first  of  four  magnitudes  be  to  the  se- 
cond as  the  third  is  to  a magnitude  greater  than  (he  fourth, 
then  certain  equimultiples  can  be  taken  of  the  first  ami 
third,  and  certain  rquiroultiples  of  the  second  and  fourth, 
such,  that  the  multiple  of  the  first  shall  be  less  than  the 
multiple  of  the  second,  but  the  multiple  of  the  third  not 
liras  than  (he  multiple  of  the  fourth.** 

**  l*rxjp.7.  If  any  equimultipU*s  whatever  be  taken  of 
the  first  and  third  of  four  magnitudes,  and  any  equimul- 
tiples whatever  of  the  second  and  fourth  ; and  if  whi  n the 
multiple  of  the  first  is  less  than  that  of  the  v’cond,  the 
multiple  of  the  third  is  also  less  than  that  of  the  fourth  ; 
or  if  when  the  multiple  of  the  first  is  equal  to  that  of  the 
second,  (he  multiple  of  the  third  is  also  equal  to  that  of 
the  fourth  ; or  If  when  the  muitiple  of  tlic  first  is  ureaier 
than  that  of  the  second,  the  multiple  of  the  third  i%  also, 
greater  than  that  of  the  fourth  ; then,  the  first  of  the  four 
magnitudes  shall  be  to  the  second  as  the  third  to  the 
fourth/’ 

And  all  these  propositions  Dr.  Hohertson  demonstrates  ' 
by  strict  mathematical  reasoning. 

Ratio,  Section  qf.  See  Sr.CTlojf  of  a Ratio. 

RATIONAL,  in  Arithmetic  &c,  the  quality  of  num- 
• bers,  fractions,  quatitities,  &c,  wlun  they  can  be  ex- 
pressed by  common  numbers;  tti  contr.ndUtinction  to  ir- 
rational or  surd  ones,  ifvhich  cannot  be  expressed  in  com- 
mon numbers.  Suppose  any  quantity  to  be  1 ; there  arc 
infinite  other  quantiiio,  some  of  winch  are  cummenvura- 
Wc  to  it,  cither  simply,  or  in  power : lliese  Kuclid  calls 
Rational  quantities.  The  rest,  that  are  incommensurable 
to  1,  he  calls  Irrational  quantities,  or  Surds. 

Rational  Iforizon,  or  True  Horizon,  i$  that  whose 
plane  is  conceived  to  pass  through  the  cenin'  of  the  earth  ; 
and  which  therefore  divides  the  globe  into  two  equal  por- 
tions or  hemispheres.  It  is  called  the  rational  horizon, 
because  only  conceived  by  the  understunding ; in  oppo- 
sition to  the  sensible  or  apparent  horizon,  or  that  which 
IS  visible  to  the  eye. 

RAVBLIN\  in  Fortification,  was  anciently  a fiat  bas- 
tion, placed  in  the  middle  of  a curtain.  But 

Ravelin,  is  now  a detached  work,  composed  only  of 
two  faces,  which  form  a salient  auglo  usually  without 
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flanks;  being  a triangular  work  resembling  the  point  of 
a bastion  with  (lu*  flanks  rut  ofl'.  It  in  raised  bi'fore  (he 
curtain,  on  the  counu  ivtarp  of  the  jdace  ; ami  M*rving  to 
cover  It  and  the  adjacent  flanks  liom  the  dm-ci  lire  of  an 
enemy.  It  is  also  used  to  cover  n hriUge  or  a g<tie,  *and 
is  always  placed  without  the  muiit- — '1  here  aie  i1l^o  double 
ravcliite,  which  serve  to  defend  each  other ; being  so  called 
when  t‘iry  arc  joined  by  a curiain. — ^Vluit  the  eilginecis 
call  a ravelin,  the  men  usually  call  a demilune,  or  half- 
moon. 

UAV,  in  Geometry,  the  same  os  Uadics. 

Ray,  in  Optics,  u beam  or  line  of  light,  propagated 
from  a radiant  point,  through  any  medium.  If  the  parts 
of  a ray  of  light  lie  all  in  a straight  litu*  bctwcN'n  the  ra- 
diant ]>oint  and  the.eyc,  the  ray  is  said  to  be  Direct : flic 
laws  uiid  properties  of  which  make  (be  subject  of  Optics. 

— If  any  of  them  l>c  turneiKiut  of  that  direction,  or  bimt 
in  their  passage,  ll>u  ray  is  saifi  to  be  Ucfiactcd. — If  it 
strike  on  the  surface  of  any'  boily,  and  be  (hn>wn  off  again, 
it  is  said  to  be  Ht-Hecied.— In  each  case,  the  ray,  as  it  tails 
cither  directly  on  the  eye,  or  on  tlie  point  of  reflection,  or 
of  refraction,  is  said  to  be  Incident. 

Again,  if  several  rays  be  propagated  from  the  radiant 
ohjt-ct  equidfstantly  from  one  arndher,  they  are  called  Pa-  / 

ral lei  rays.  If  they  coino  inclining  towards  c-ach  other, 
they  are  called  Ctmvcrgmg  rays.  And  if  they  go  conu- 
nualiy  receding  from  t‘acb  other,  (hey  ara  callvd  Diverg- 
ing rays. 

It  is  from  the  dificrml  circumstances  of  rays,  that  the 
several  kinds  of  bodies  are  distinguished  in  optics.  A body, 
for  example,  that  difiuscs  its  own  light,  or  emits  rays  of 
Its  own,  is  calioii  a Raiimting  or  Lucid  or  Luminous  body.  .. 

If  it  only’  reflect  rays  which  it  receives  from  Another,  it  is 
caiied  an  Illuminated  body.  If  it  only  (ramiinit  rays,  it 
is  calleii  a Transparent  or  Translucent  body.  If  it  inter- 
cept the  rays,  or  refuse  them  passage,  it  i|  called  an 
Opaque  body. 

It  is  by  rmans  of  ray's  reflected  from  the  several  |Kilnts  * 

of  illuminated  objects  to  the  ey  e,  tliat  these  become  visible, 
and  that  vision  ispsTformed  ; wheiicv'  such  Rays  are  called 
Visual  rays. 

'J'he  rays  of  light  are  not  homngenemis,  or  similar, 
but  differ  in  all  the  pniperlics  we  know  of;  vir,  rcfraii- 
gibilily,  reflexibility,  and  colour,  and  even  heat.  It  is 
probably  fr  >m  lip*  different  refiaiigtbility  that  the  other 
differences  have  their  ris<  ; at  lea^t  it  appears  that  (hose 
rays  which  ogne  or  differ  in  this,  do  so  in  all  the  rv^st. 

It  is  not  however  to  be;  understood  that  the  property 
or  etfect  called  colour,  exists  in  the  rays  <>(  light  Iheni- 
selves ; but  from  the  diflTerent  sensations  llte  differently 
disposed  ray*  exciteon  us,  we  call  them  Hid  rays,  Vcllow 
rays,  ^kc.  Each  beam  of  light  however,  as  it  comes  from 
the  sun,  seems  to  he  compoumled  of  all  the  kinds  of  rays 
mixid  together  ; and  it  is  only  by  splitting  or  separating 
the  parts  of  it,  that  these  different  sorts  become  observable; 
and  this  is  done  by  transmitting  the  beam  through  a glnsa 
prism,  vrhich  refracting  it  in  the  passage,  and  the  parts 
that  c.xcito  the  diffrrent  colours  having  different  degree's  of 
refrangibiiity,  (hey  arc  thus  M'paratcd  from  ouc  another, 
and  exhibited  each  apart,  and  ap|x’aring  of  the  different 
colours. 

Besides  refrangibiiity,  and  the  other  properties  of  the 
rays  of ‘light  already  ascertained  by  observation  and  ex- 
periment, sir  1.  NVvvton  suspecis  they  may  have  many 
more-;  particularly  a power  of  being  inflvcU.'d  or  bent  by 
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the  action  of  distant  bodies;  and  those  rays  which  differ  it\ 
It'fran^ibility,  he  conceives  likewise  to  differ  in  flexibility. 

These  rays  he  suspects  may  be  very  small  bodies  cmit> 
ted  from  shining  substances.  Such  bodies  may  have  alt 
the  conditions  ol  light  : and  there  is  that  action  and  re* 
action  between  transparent  bodies  and  light,  which  very 
much  resembles  the  altrdCiivu  force  between  other  bodies. 
Nothing  more  is  required  for  the  production  of  all  the  va- 
rious colours,  and  all  the  degrees  of  refrnngibility,  but 
that  the  rays  of  light  he  bodies  of  diffenmt  sices  ; the  least 
of  which  may  make  violet  the  weakest  and  darkest  of  the 
colours,  and  be  the  most  easily  diverted  by  refracting  sur- 
faces from  its  rt^tiiinear  course ; and  the  rest,  as  they  are 
larger  and  larger,  m;iy  make  the  stronger  and  more  lucid 
•olours,  blue,  green,  yellow,  and  ri^.  Sec  Colour, 
Light,  UEittAcnoN,  Reflection,  Inflection, Con- 
verging, Diverging,  Ac,  Ac. 

Among  other  qualities  of  rays,  it  has  been  found  by  ex- 
periment, that  there  is  a great  difference  in  the  heating 
power  of  solar  rays.  From  Dr.  IJcrschel’s  exjieriincnts 
it  appears,  that  this  heating  power  increases  from  the 
tniddiu  of  the  spectrum  to  the  red  ray,  and  is  greatest  be- 
yond It,  where  the  rays  arc  invisible.  Hence  it  is  inferred 
that  the  rays  ol  light  and  caloric  nearly  accompany  each 
other,  and  the  latter  are  in  different  proportions  in  the  dif- 
ferent colourctl  rays.  . They  arc  easily  separated  from 
each  other;  as  when  the  sun’s  rays  arc  transmitted 
through  a transparent  body,  the  rays  of  light  pms  on 
seemingly  undiminished,  but  the  rays  of  caloric  are  inter- 
cepted. When  the  sun’s  rays  are  directed  to  an  opaque 
body,  the  rays  of  light  are  reflecterl,  but  the  rays  of  calo- 
ric are  absorbed  and  retained.  This  is  the  case  with  the 
moon’s  light,  which,  however  much  it  b<‘  concentrated,  is 
Dot  accompanied  with  beat.  It  has  also  been  shown,  that 
the  different  rays  of  light  produce  different  chemical  ef- 
fects on  the  metallic  salts  and  oxyds.  These  effects  in- 
crease on  the  opposite  direction  of  the  spectrum,  from  the 
heating  power  of  the  rays.  From  the  middle  of  the  spec- 
trum, toward-t  the  violet  en<^  the^  become  more  power- 
ful, and  produce  the  greatest  effect  beyemd  the  visible  rays, 
from  these  discoveries  it  appears  that  the  solar  rays  are 
of  three  kinds:  1.  Rays  which  produce  heat;  2.  Rays 
which. produce  colour;  and  3.  Rays  which  deprive  me- 
tallic substances  of  their  oxygen.  The  first  set  of  rays  is 
in  the  grt'atest  abundance,  or  arc  moft  powerful  towards 
the  red  end  of  the  S|)cctruin.  and  arc  least  refracted.  I'hc 
2d  set,  or  those  which  illuminate  objects,  ore'niusl  power- 
ful in  the  middle  of  the  spectrum.  And  the  3d  set  pro- 
duce the  grralcst  efleci  towards  the  violet  end,  where  (he 
rays  arc  must  refracted.  The  solar  fays  pn^s  through 
transparent  bodies,  without  heating  them.  The  atmo- 
sphere, for  instance,  receives  no  increase  of  heal  by  tnim- 
mitting  the  suu's  rays,  till  these  rays  arc  reflected  fnun 
otfcer  bodies,  or  are  Communicated  to  it  by  UnJics  which 
have  absorbed  them.  This  is  also  pruvi>d  by  the  sun’s 
rays  being  transmitted  through  convex  lenses,  pnwiucing  a 
high  degree  of  temperature  when  they  are  concentrated, 
hut  giving  no  increase  of  beat  to  the  class  itself.  By  this  - 
method  the  beat  which  proceeds  from  the  sun  can  be 
greatly  increased,  indeed,  the  intensity  of  heal  produced 
in  this  way  is  equal  to  that  of  the  hotU:sl  furnace.  This 
is  done,  either  by  reflpCYing  the  sun's  rays  from  a concave 
polished  mirror,  or  by  concentrating  or  collecting  them, 
by  the  refractive  power  of  convex  lenses,  and  directing 
the  r^ys,  thus  concentrated,  on  the  combustible  body. 

VoL.II. 


/fleeted  Rats,  those  rays  of  light  whi^h  are  reflected, 
or  thrown  back  again,  from  the  surfaces  of  bodies  upon 
which  they  strike.  It  is  found  that,  in  all  the  rays  of 
light,  the  angle  of  reflection  is  equal  to  the  angle  of  inci- 
dence. 

/i^frac/ed  Rat*,  are  those  rays  of  light,  which  arc  bent 
or  broken,  in  passing  out  of  one  im’dium  into  another. 

Pencil  o/  Hay9,  a number  of  ruy'S  emitted  from  a point 
of  an  object,  and  diverging  in  the  form  of  a cone. 

Principal  Ray,  in  Per5|iective,  is  the  por^H'iidicular  di* 
stance  between  the  eye  and  the  vertical  plane  or  table,  as 
it  is  somrtmu'S  named. 

Ray  pf  Curvniurc.  Sec  Hadim  oFCurvatvrf.. 

UEAU.ML'il  (Rene-Antoine-Fkuciiaci.t,  Sieiir  de), 
a ri'speciabic  I'rench  philosopher,  was  born  at  Rochelle  iii 
1()N3.  After  the  unial  course  of  school  education,  he  was 
sent  to  Poitiers  to  study  philosophy,  and,  in  lti99« 
Dourges  to  study  the  law,  the  prufi-ssion  for  which  he  was 
intended.  But  philosophy  and  matlu’m;uics  having  very 
early  been  bis  favourite  pursuits,  he  quilted  the  ItfVv,  uti<i 
repaired  to  Paris  in  1703,  to  pursue  those  sciences  to  the 
best  advantage ; and  here  his  charncier  procured  him  a 
seat  in  the  academy  iu  the  year  1708  ; which  he  iield  till 
the  time  of  bis  death,  which  happened  the  18th  of  No- 
vember I7i7,  at  7+  years  of  age. 

Reaumur  soon  justified  the  choice  that  was  made  of 
him  by  the  academy,  lie  made  innunuTable  obst^rva- 
tions,  and  wrote  a great  number  of  pieces  on  tbc  various 
branches  of  natural  philosophy.  His  History  of  Insects, 
in  6 vols.  quarto,  at  Paris,  is  his  principal  work.  Another 
edition  was  printed  in  Holland,  in  12  Vols.  l2mo.  He 
made  also  great  and  useful  discoverh'v  concerning  iron  ; 
showing  how  to  change  common  wrought  iron  into  steel, 
how  to  soften  cast  Iron,  and  to  make  works  in  cast  iron 
as  fine  as  in  wrought  iron.  His  labours  and  discoveries 
on  this  subject  were  rewarded  by  the  duke  of  Orleairt, 
regent  of  the  kingdom,  by  a pension  of  12  thousand  livics, 
equal  to  about  fiOOl.  sterling;  which  however  he  would 
not  accept  but  on  condition  of  its  bring  put  under  the  name 
of  the  academy,  who  might  enjoy  it  after  hit  death.  It 
was  owing  to  Reaumurli  endeavours  that  there  were  esta- 
blished in  France  manufactures  of  tin-plates,  of  porcelain 
in  idiitation  of  china-ware,  Ac.  They  owe  to  him  also  a 
new  thermometer,  which  bears  bis  name,  and  is  pn  ity  ge- 
nerally used  on  the  continent,  while  that  of  Fahreoheii  is 
used  in  England,  and  some  few  other  places.  Reaumur’s 
thermometer  it  a sidrit  one, ^having  the  freezing  point  at  0, 
and  the  boiling  point  at  80. 

Reaumur  is  esteemed  an  exact  and  clear  writer;  and 
there  is  nn  eh'gancc  in  bis  style  and  manner,  which  is  not 
commonly  found  among  those  who  have  made  only  the 
sciences  their  study-  Hr  is  represented  also  as  a rnun  of 
a m'ost  amiabledispmiiioii,  and  with  qualities  to  makrhim 
beloved  as  w ell  as  admired.  He  left  a great  variety  of  pa- 
pers and  natural  curiosities,  which  he  bcqui'alhc^d  lojho 
Academy  of  Scienci's.— The  works  published  by  him,  are 
the  following : 

1.  The  Art  of  changing  Forged  Iron  into  Steel ; of 
Softening  Cast  Iron;  and  of  making  works  of  Cast  Iron, 
as  fine  as  of  Wrought  Iron.  Riri-,  1722, 1 vol.  m 4to. 

2.  Natiiml  History  of  Insects,  6 vols,  m 4u». 

His  memoirs  printed  in  the  votumi's  <»f  the  Academy  of 
Sciences,  are  very  numerous,  amounting  to  upwards  of  a 
hundrerl,  and  on  various  subjects,  from  the  year  1708  to 
17fi3,  several  papers  In  almost  every  volume.  * 
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RECEIVER,  of  an  Air  Pump,  ii  pari  of  iu  apparatus  ; 
being  a glass  vAsel  placed  on  the  tup  of  the  plate,  out  of 
wbieb  tbc  air  is  to  be  e.\iiauNied.  . 

RLCESSIUN  of  the  Sec  Prcckssiom. 

RlX’IPHOt’AL,  in  Amhmouc,  ^cc,  is  the  quotient 
arising  by  dividing  1 by  any  number  or  quantity.  So,  the 

reciprocal  of  2 i*  1 J of  3 is  f,  ami  of  u is  &c.  Hence, 

the  reciprocal  of  a vulgar  fraction  is  found,  by  barely 
making  the  numerator  and  the  denominator  mutually 
change  places  : so  the  reciprocal  of  i is  4 or  2 ; ul  is 
\ \ of  ",  is  ^c.  Hence  also,  any  quantity  being  mul- 
tiplied by  1(9  reciprocal,  the  product  is  always  etjual  to 
unity  or  I ; so  -f  * r =:  | = «nd  | a ^ ^ = 1, 

a ^ at 

and  - X - = -r  = 1. 

r<  a o£ 

See  a largt-  table  of  reciprocals  of  numUrs,  in  my 
Trncti.,  Tol.  l,at  the  cod,  also  a method  of  finding  locm, 
pa  4h^. 

Hlcii'Rocal  fVffinrr,  in  Geometry,  are  such  as  have 
the  ametcdenls  and  consequents  ot 
thr  same  ratio  in  both  figures.  So, 
in  the  two  reclangU's  bp.  ami  bt>,  if 
AB  : DC  : : BC  : AP,  then  ihosr*  rec- 
tangles are  reciprocal  figures ; and 
are  a)s«>  equal. 

Reciphocai.  Proportion^  is  when, 
in  four  quantities,  the  two  latter  terms 
have  the  reciprocal  ratio  of  the  two 
former,  or  are  proportional  to  the  reciprocals  of  them. 
Thus,  24,  15,  5,  8 form  u reciprocal  proportion,  because 
: rr  • : -S  : b,  ot  1 5 ; 24  : : 5 : 8. 

Recipkocal  R>uio,  of  any  quantity,  is  the  ratio  of 
the  reciprocal  ot  the  quantity. 

RrcipeocaLLY.  One  quantity  is  reciprocally  as 
another,  when  the  one  is  greater  in  proportion  ns  the 
other  is  Im  ; or  when  the  -me  is  pmporti'fnnl  to  the  re- 
ciprocal of  the  other.  So  « is  recipiocally  as  6,  when 

a is  always  proportional  to  -J-.  Likt*  as  in  llic  mitha- 
nic  powers,  to  perform  any  «fleeT,  the  1h»s  the  power  is, 
the  greater  must  be  the  time  of  performing  it : ur,  av  it  is 
said,  what  is  gained  in  power,  is  lost  in  time.  »t»  that, 
if  p di  noic  any  power  or  agent,  iind  t the  time  of  its  per- 
forming any  given  service ; tlicn  p is  as  — - , and  r is  os. 

that  is,  p and  I are  reciprocally  proportionals  to 
each  other. 

RECIPROCITY  of  prime  numbers,  a certain  law 
that  otiUims  wiih  regard  to  the  rcmaiodersol  the  formulre 

> - 1 *~i  , 

J..! ami  " * when  n and  m are  both  primes,  first 

demonsIraU'd  by  lA'grndre,  and  on  which  he  has  founded 
thasdimuiisiralion  of  several  curious  numerical  propo- 
sitions. Tiiese  remainders,  for  the  sake  of  abridgement, 

may  be  written  (^)  and  that  is,  (-^)  repre- 
senting the  remainders  of  a"d  (-^)  representing 

the  remainders  of  " J Then  there  alwayi  subsists 

such  a relation  bs'tween  these  two  expressions,  iJiat  one 
beiiTg  given,  the  other  is  immediately  determined.  Fur 


whatever  may  be  the  form  of  m and  n,  provided  they 
^re  not  both  of*  the  form  4a  — 1,  we  shall  alway**  have 

= (™)  ; and  if  they  are  both  of  the  form  4n  — I, 

then  will  ( = — (-“)•  It  is  not  expected  we 
should  here  enter  upon  the  inviwtigation  of  this  theorem, 
but  (he  r<>ader  who  wisin'^  to  see  the  demonstration,  will 
find  ample  gratilicauun  by  consuluog  tiie  work  above 
alluded  to. 

RECKONING,  in  Navigation,  is  the  estimating  the 
quantity  of  a ships  way;  or  of  the  course  and  distance 
run.  Or,  more  generally,  a ship's  reckoning  is  that  ac- 
count, by  which  it  may  at  any  time  be  known  where  the 
ship  is,  and  cunsequenliy  on  what  course  or  courses  sl^ 
must  steer  to  gain  her  inloodeti  port.  The  rrcLunlng  is 
usually  p 'rtdrmed  by  ketping  an  account  of  the  courses 
steered,  uiid  the  distance  run,  with  any  accidental  cir- 
cumstances that  occur.  The  courses  sleered  are  ob- 
served by  the  com]>ass ; and  the  distances  run  are  esli- 
matcrl  from  the  rate  of  running,  and  (he  time  run  upon 
each  course.  The  rate  of  running  is  measured  l>y  tho 
log,  from  time  to  time;  which  however  is  liulde  to  great 
irrcgulaniies.  Anciently  Vilnfvius,  for  measuring  the 
rate  of  sailing,  advised  an  gxis  to  be  passed  through  the 
, sides  of  the  ship,  with  two  bilge  heads  protending  out  of 
of  (he  ship,  including  wheels  (uu<?iiing  the  water,  by  (he 
revolution  of  which  the  space  passed  over  in  a giv*cn  time 
is  measured.  Amt  tbc  same  has  been  since  recommend- 
ed by  Snell. 

Reckoxinc,  Dead.  5h*c  Dead  Rrekonin^. 

RECl.lNATiON  pf  a Pltptet  in  Dialling,  is  (he  angular 
quantity  which  a dial  plane  leans  backwards,  from  an  ex- 
actly uprii:ht  or  vcrtic^  plane,  or  from  the  xenith. 

UKCl.INT.R,  or  Ruclixinc  /><»/,  is  a dial  whose 
plane  recline>v  from  the  piTpcndieular,  that  is,  leans  back- 
wards, or  from  you,  when  you  starid  b«'furc  k. 

RECLiNr.K,  Drf/rm'ajg,  or  Dedinim*  Recumxc  Diaf^ 
is  one  which  m-ither  sqmds  pi-rpendtcularly,  nor  opposite 
to  one  of  the  cardinal  poinA. 

RECOIL,  or  RxBoi’Mi),  the  rcsililion,  or  flying  back^ 
ward,  of  a body,  especially  a fire-arm.  This  is  the  mo- 
tion by  iihich,  on  explosion,  it  starts  or  flies  backwards; 
ami  the  cause  of  it  is  the  resistance  of  the  ball  niid  the 
impelimg  force  of  jhe  powder,  which  nets  equally  on  the 
gun  and  on  the  hull.  It  has  been  commoidy  said  by 
authors,  that  the  momentum  of  the  ball  is  equal  to  that 
of  the  gun  with  its  carriage  together ; but  this  is  a mis- 
take ; for  Uie  latter  momentum  is  nearly  equal  to  tlmt  of 
the  bull  and  half  the  weight  of  the  powder  together,  mov- 
ing with  the  velocity  of  tbc  ball.  that,  if  ibr  gun,  and 
the  ball  with  half  the  powder,  wen*  of  equal  weight,  the 
piece  would  recoil  with  the  same  velocity  as  the  ball  is 
discharged.  But  the  heavier  any  body  is,  the  less  will 
its  velocity  be,  to  have  the  same  momentum,  or  force  ; 
and  therefore  so  many  times  as  the  cannon  and  carriage 
is  heavier  than  the  ball  and  half  the  powder,  just  as 
. many  times  will  the  velocity  of  the  bail  be  greater  than 
that  of  the  gun  ; and  in  the  same  ratio  nearly  is  the 
length  of  the  barrel  b<  fore  tbc  charge,  to  the  quantity 
the  gun  recoik  in  the  time  the  ball  is  passing  along  the 
bore  of  the  gun.  So,  if  a 24  poumlcr  of  10  fi*cl  long  be 
6‘400lh  weight,  and  charged  with  ^fth  of  powder;  then, 
when  the  ball  quits  the  piece,  the  gun  will  have  recoiled 
vivo  a 10  = of  a foot,  or  nearly  half  an  inch. 
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RECORDE  (Robekt),  a learned  pb)’9ician  and  ma- 
theinatician,  was  born  of  a good  fitmily  in  Waloi  and 
flourished  in  the  reigns  of  Henry  the  8tb,  Edward  the  6th, 
and  Mary.  There  is  no  account  of  the  exact  time  of 
his*  birth,  though  it  must  have  been  early  in  the  l6th 
’Century,  as  he  was  enterrd  of  the  university  of  Oxford 
about  the  year  1525,  where  he  was  elected  fellow  of  All- 
souls college  in  1531.  Making  physic  his  profesMOO,  he 
went  to  (^mbridse,  where  he  was  honoured  with  the  de* 

. grcc  of  doctor  in  that  faculty,  in  1545,  and  was  highly 
esiremtd  by  all  who  knew  him,  fur  his  gri^at  knowledge 
in  several  arts  and  sciences.  He  afterwards  returned  to 
Oxford,  where,  ns  he  had  done  befortt  l»C  went  ,lo  Cum* 
bridge,  he  publicly  taught  arithmetic,  and  other  branches 
of  ibo  mathematics,  with  great  applause.  Jt  seems  he 
afterguards  repaired  to  l^mdnn,  and  it  has  been  said  he 
was  physician  to  Eilward  the  6th  and  .Mary,  to  which 
princes  he  dedicates  some  of  his'  books ; and  yet  he  ended 
ills  days  in  tin;  Fleet,  where  he  was  confined  for  debt,  in 
(he  year  1558,  at  a very  immarure  age.  Sec  other  curi- 
ous particulars  of  this  auibur  in  my  Tracts,  vol.  2, 
pa.  243. 

Rrcorde  published  several  mathematical  books,  which 
are  rausily  in  dialogue,  between  the  master  and  scholar. 
They  are  as  follow  : 

1.  Thr  Paihw^ty  to  KnonUdge^  Containing  the  6ret  Prio- 
cipU-sufCreometncjasthey  may  mustc  aptly  beapplied  unto 
practise,  bulhe  for  use  of  Instrumentcs  Ocv>mrtricall  and 
Astrooomicall,  and  also  fur  Projection  of  Plaites  much 
necessary  for  all  sortes  of  men.  Lond.  4to,  1551.-— This 
work,  the  author  says,  is  the  first  book  on  Geometry  ever 
printed  in  the  English  language. 

2.  Tht  Grotmd  0/  Arts,  teaching  the  perfect  worke  and 
practice  of  Arithmeticke,  both  in  whole  numbers  and 
i^rHCtiun<,  after  a more  casie  and  exact  forme  then  in 
former  time  hath  beene,  iiet  forth,  8vo.  1552.— 'It  would 
seem  however  that  there  mutt  have  been  some  earlier 
edition  than  this,  or  another  like  work,  smeo  the  autlior, 
in  the  dedication  of  his  Geometry, or  Pathway,  Jan.  J551, 
says  that  he  has  " allrea<iy  set  furlb  sumwhiit  of  Ariih- 
nietike."— This  work  went  through  many  editions,  and 
was  corrected  %nd  augmented  by  several  other  persons; 
as  first  by  the  fitraous  Ur.  John  Dee;  then  by  Jpbn 
Mellis,  a schoolmaster,  1590;  next  by  R ibert  Nortoti^ 
then  Robert  Hartwell,  pmctiiioaer  in  mathematics,  in 
London  ; and  laitly  by  U.  C.  and  printed  in  8vo,  1623. 

3.  The  C<i5tle  of  containing  the  Explication 

of  the  Sphere  bothe  Ci‘!(*siialt  and  Materiall,  and  divers 
other  things  incident  thereto.  With  sundry  plcusaunt 
proufes  ami  cenaine  newe  dciimnsiraiions  nbt  written  be- 
fore in  ahy  vulgarc  woorkes.  Lend,  folio,  1556. 

* 4.  The  lyhrlstone  tf  tfitte,  which  is  (he  secondc  part 

of  Arithmetike:  containing  the  Extraction  of  Rootp'» : 
the  Cossike  Practise,  with  the  rules  of  Eijuation : and  the 
woorkes  of  Stirde  Nombers.  Lnnd.  4to,  1 557 .““For  an 
analysis  of  this  work  on  Algebra,  with  an  account  of 
what  is  new  in  it,  sec  vol.  1,  under  the  article  Aloebba. 

^VtKid  says  he  wrote  also  several  piece?  on  physic,  ana- 
tomy,  politics,  and  diviniiy ; but  i know  not  whether 
they  were  ever  published.  And  bherburne  say's  that  he 
piiblisin'd  Co'^inoempiiix  isagogen;  also  that  he  wrote  B 
b<><jk  Arte  faciandi  Horologium  ; and  another,  I>e 
Usu  GloborUm,  & deStatuTempirum ; which  I have  never 
seen.— In  the  ‘'fid  of  the  preface  to  the  Geometrical  Theo- 
rems, in  The  Pathway  to  Knowledge,  he  sets  down  a list 


of  many  other  books,  partly  mathematical  and  partly 
other  subjects,  which  he  says  be  had  written,  but  not 
then  publisbc'd. 

UECrTANGLE,  in  Geometry,  is  a right*anglcd  paral- 
lelogram, or  a right-angled  quadrilateral  figure. 

If  from  any  point  o,  lines  be  drawn  to  all  the  four 
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angles  of  a rectangle ; then  the  sums  of  the  squares  of 
the  lines  drawn  to  the  oppo&kc  corners  will  be  equal,  in 
whatever  part  of  the  plane  the  point  o is  situat'd;  si?, 
OA*  OD*  = t»B*  •+•  oc*.  For  other  properties  of  the 
rectangle,  see  Paualllloouam  ; for  the  rectangle  be- 
ing a species  ot  the  parallelugrum,  whatever  properties 
belong  to  the  latter,  must  oqually  hold  in  the  former. 

For  the  Area  (f  a Rectakole.  Multiply  the  length 
by  the  breacMh  nr  height.  Ot^cru;i$e; 

Multiply  the  product  of  the  tsvo  dia- 
gonals by  half  the  sine  of  their  angle 
at  the  interu'Ction. 

That  is,  AB  X AC,  or  ao  » nc 
X 4^n  Z.p  s area.  A rectangle, 
as  of  two  lines  ab  and  ac,  is  thus 
denoted,  ab  x ac,  or  ab  . ac  ; or  cl»e  thus  e^ipressed, 
the  rectangle  of,  nr  under,  ab  and  ac. 

Kectanole,  in  Arithmetic,  is  the  same  with  product 
or  factum'.  So  (he  rectangle  of  3 and  4,  is  3 x 4 or  12 ; 
and  of  a and  5 is  <2  x 5 or  ah. 

R ECTA  NG  LF.  D,  R I G It  T-A  K n lb  i>;  or  R F.CT  A w c u L A K, 
IS  applied  to  figures  and  solids  that  havo  ut  least  one 
right  angle,  if  not  more.  So  a right-angled  triangle  has 
one  right  angle : a right*angled  parallcloitram  is  a nct- 
anglc,  and  has  four  right  angles.  Such  also  are  squan-s, 
cubes,  and  paralielnpipedons.  Solids  arc  also  said  to  be 
rectangular  with  respect  to  their  situation,  vii,  when  their 
axis  is  perpendicular  to  their  base;  ns  right  cone»,  pyia- 
mitls,  cylinders,  &c.  * • 

The  ancients  used  the  phrase  Rectangular  Action  of  a 
Cone,  to  denote  a parabola  ; that  Conic  section,  before 
Apollonius,  being  only  consiHrrrd  in  a Cone  having  its 
vertox  a right  angle.  And  hence  it  was,  that  Airhimed(*s 
entitled  his  book  of  the  quadrature  of  the  parabola,  hy 
the  name  of  Rectanguli  Coni  Seclio. 

RECITFICATION,  in  Geometry,  is  the  finding  of  a 
right  line  equal  to  a curve.  The  rcclificqtu>q  of  curves 
IS  a branch  of  the  higher  geometry,  in  which  ll^e  use  of 
the  inverse  method  of  fluxions  is  particularly  useful. 
This  is  a problem  to  which  all  mathcmatieiaiis,  both 
ancient  and  modern,  have  paid  the  grealesf  attention,  and 
particularly  as  to  the  rectification  of  the  circle,  or  find- 
ing the  length  of  the  circumference,  or  a right  hue  equal 
to  it;  hut  hitherto  without  lliv  perfect  effect:  on  this  al-o 
depends  the  quadrature  of  the  circle,  since  it  is  demon- 
strated that  the  area  of  a circle  is  equal  to  a right-angled 
triangle,  of  which  one  of  the  sitles  about  the  right  angle 
is  the  radius,  and  the  other  equal  to  the  circuiuferencc  ; 
but  it  is  much  to  tic  feared  that  neciher  the  one  nor  the 
other  will  ever  be  accomplished.  Innumerable  approxi- 
mations however  have  been  made,  from  Archimedes,  duwa 
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tn  thf  inaibeinaticmm  of  Ihc  pm»nt  day.  See  Cibcie 
and  C'lBCUMfEKEKCE.  ’ ! 

'1  he  first  person  who  gave  the  rrciification  of  any  curve, 
"'“I.  snn  of  Sir  Paul  Neal,  as  wc  find  at  tlio  end 
U ’fre«l'w  on  the  fissoid  ; where  ha  sayi, 

Ihui  Mr.  Neal's  rcciification  of  the  curve  of  the  semi- 
eubical  parabola,  was  published  in  July  or  August  I6’57 
Twoycarsafler,  via,  in  1659,  Van  Ilureat,  in  Holland, 
also  gave  the  rcciification  of  the  same  curse;  as  may  be 
seen  in  Schooten’s  Commentary  on  Descartes’s  Geo- 

JiH-fry. 

The  most  comprehensive  method  of  rectification  of 
curves,  is  by  the  inverse  method  of  fluxions,  which  is 
thus ; U i ACC  be  any  curve  line,  a a an  absciss,  and  ne 

(' 


a perpendicular  ordinate;  also  4c  another  ordinate  indc- 
finiirly  near  to  nc;  and  cd  drawn  parallel  tb  the  absciss 
A a.  i ut  the  absciss  ab  = j,  the  onJinale  BC  =y,  and 
the  curve  ac  = i;  then  is  cd  = b4  = i the  fluxion  of 
the  absciss  ab,  and  cd  =ji  the  fluxion  of  the  ordinate 
BC,  also  cc  = i the  fluxion  of  the  curve  ab.  Hence, 
because  ced  may  be  considered  as  a plane  right-angled 
triangle,  cc«  = cd*  w-  cd*,  or  i»  = i*  w /;  and  therts 
mre  a y/(,t  . „hich  is  the  fluxion  of  the 

length  of  any  curve;  and  consequently,  out  of  this  equa- 
tion expellihg  either  * or  >,  by  means  of  the  particular 
equation  expressing  the  nature  of  the  curve  in  question, 
the  fluents  of  the  resulting  equation,  being  then  biken, 
will  gtve  the  length  of  the  curve,  in  finite  terms  when 
It  ts  reefifiabie,  otherwise  in  an  infinite  series,  or  in  a lo- 
gantbmic  or  exponential  &c  expression,  or  by  means  of 
some  other  curve,  &c.  . 

Ex.  1.  Torntify  the  coaimoa  parabola.— \a  this  case, 
the  equation  of  the  curve  is  Sox  =y’,  where  o is  half 
the  parameu  r.  The  fluxion  of  this  equation  is  ai  =^y, 

and  hence  A*  = 5^;  this  being  substituted  in  the  gc- 
•■>•),  it  becomes  i 


neral  cqualionK  s 
the  cnrrect  fluents  of  which  give  t = V/''”  yy) 


* hyp.  log.  of  i±y'‘yn,)^  i, 
curve  AC,  when  it  is  a parabola. 

And  the  same  might  be  expressed  by  an  infinite  series, 
by  expanding  xlic  quantity  ^(ao  + ygi).  See  my  Men,. 
surMionf^  271,  4lh  edition. 

“ '’“■'ify  Circle. — The  equation  of  the  circle 

may  be  expressed  either  in  Icrmsof  the  sine.or  versed  sine, 
or  tangent,  orsecaht,&c,  and  the  radius.  Let  therefore  the 
radius  of  the  circle  be  DAOr  nc  = r,  the  versed  sine  ab  = 
X,  Ihenghtsine  bc  =y,tbclaiigenicii  = /,aiid  the  secant 
DE  = s;  then,  by  the  nature  of  the  circle,  we  have  these 
equations,  y'  = 2rx  -'i*  = and 

by  means  of  the  fluxions  of  these  equations,  with  the  ce- 
ncral  equation  =•  = x«  . j,b  obtained  the  following 
lluxional  forms  forflbe  fluxion  of  the  #urve,  the  fluent  of 
any  one  of  which  will  bc  the  curve  itself,  viz 


ry 


r*t 


llcncc  Ihf  value  of  the  curvT,  from  the  fluent  of  each  of 
these,  gives  the  four  following  forms,  in  series,  vi*  putting 
« ^ the  diameter,  the  curve  is,  z 

0.  f a Aji*  • 

+ T— r;  + . = + &c)v'dr; 


* . ad 


= (l  + 


* .<  . Sd* 

av* 


*.s  .0. 7d* 

b '*■»»* 

a . 4 . a . 7r 


- &c)r, 


' &c)r. 


‘ 2 .4  . Ar* 

JL  ** 

~ ;r" 

f*-”*  „ - r*) 

9 . J 

^ my  .Mensur.  4lh  edit.  pa.  pi  ic,  also  roost  treatises 
on  HuAions.  • 

It  is  evident  that  the  simplest  of  these  series  Is  the 
, ' '*  ettpressed  in  terms  of  the  tangent. 

It  will  therefurc  be  the  properest  form  to  cqleulate  an  ex- 
ample by  in  numbers.  And  for  this  purpose  it  will 
be  convenient  to  assume  some  arc  whose  tangent,  or  at 
least  lU  square,  is  known  to  be  some  small  simple  num- 
ber. Now  the  arc  of  4a'’  it  i.  known  has  its  tangent 
equal  to  the  radius;  and  therefore,  uking  the  radius 
r = 1,  and  consequently  the  tangent  of  45°  or  r = 1 
also,  in  this  case  ilie  arc  of  45°  to  the  radius  1,  or  the 
quadrant  to  the  diameter  1,  will  be=I— • 
"*■  i Rut  as  this  series  converges  very  slowly,  some 
smaller  arch  must  be  taken,  that  the  series  may  converge 
faster;  such  as  the  arc  of  30°,  whose  tangent  is  = 

- -5773502,  or  its  square  /'  = 4 ; and  h<  nee,  after  the 
first  leim,  the  succeetling  terms  will  be  found  by  dividing 
always  by  3,  and  ihi-sc  quotients  divided  by  the  absolute 
numbers  3,  5,  7.  9,  Ac;  and  lastly  addiqg  every  other 
term  together  into  two  sums,  the  one  the  sum  of  the  po- 
sitive  terms,  and  the  other  the  sura  of  the  negatiie  ones, 
then  lastly  the  one  sum  taken  from  the  other  leaves  the 
length  of  the  arc  of  30°,  which  is  the  12ch  part  of  the 
whole  circumference  when  the  radius  is  1,  or  the  6lh 
part  when  the  diameter  is  I,  and  conscqueiiily  6 times 
that  arc  will  be  the  length  of  the  whole  circumference  to 
the  diameter  I ; therefore  mulliply  the  1st  term  a/}  by  6, 
and  the  product  is  ✓ V or  a/l2  = 3-464l'>l<>:  hence 
•be  operation  will  be  coDvenkiiily  made  as  follows: 


0 

3.4f)+10l5 

3) 

1-IS47003 

3) 

3849002 

7) 

L28800I 

9) 

42760*7 

>1) 

142556 

13) 

47519 

15) 

15840 

>7) 

5280 

19) 

1760 

21) 

587 

23) 

• 196 

25)  ' 

• 65 

27) 

22 

Terms. 

( 3'4fi4IOl6 

769SOO 

47519 

3655 


311 


28 


— Terms. 
0-3849002 
18328S 

12960 

1056 

93 


• -f-  3-5462332  — 0 4046406 

- .0  4046406 . 

3’ 14 15926  the  circumference. 
Various  other  scries  for  the  rectification  oT  the  circle  may 
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be  $^rrn  4n  riitlcrfnt  parts  of  my  McDSUration. 
ray  Tracis,  vol,  1,  'J’r-  \7  18. 

RECTiFil.H,  in  Navigation,  is  an  inslrumeni  u-^d 
for  determining  the  variation  of  the  compass,  in  order  to 
rectify  the  ship’s  course.  Il  consists  of  two  circles,  either 
laid  upon,  or  lei  in  to  one  another,  and  so  fastened  logr- 
ihcr  in  their  centres  that  they  rcprwenl  two  coinpusM'S, 
the  one  fixed,  and  the  other  moveable.  Each  is  divided 
into  33  points  of  the  compass,  and  3(iO‘’,  and  numbered 
bo}h  wavs,  from  the  north  and  the  south,  ending  at  the 
east  and  west  in  <)0^.  The  fixed  compass  represents  the 
horiziiii,  in  which  the  north,  and  all  the  other  points,  are 
liable  to  variation.  In  the  centra  of  the  moveable  com- 


t 2U3  1 n K D 

See  also  may  ruin  both  sides  oi’ the  tenaille  or  front  of  a place,  and 
make  an  assaOlt  without  fear  of  being  enfiladed,  since  the 
defences  are  ruined. — The  parapet  of  lUu  qorridor  also 
is  frequently  redcntetl,  or  canied  on  by  tbo  way  of 
redans, 

HLvDOURT,  or  UrDOUTr,  in  Koriificaiion,  a small 
fort,  uilUoutany  defence  but  in  fn>nt,  u^cd  in  trenches, 
lines  of  citcumvaliullon,  coniravnllaiioti,  and  approach, 
as  also  for  the  lodging  of  corps  de  garde,  and  to  defend 
passages. 

A Dtiached  Redoubt,  is  a kind  of  work  resembling  B 
ravelm,  with  fianks,  placed  beyond  the  glacis -—It  is  made 
to  occupy  some  spot  of  ground  which  might  ba  ad- 


pass  is  fasleivcd  a silk  thread,  long  enough  to  reach  the  vaniageoiis  to  the  besiegers  ; un4  also  to  oblige  the  enemy 
: I- ..r  .L- - I - .-k...  ,1..  irencbcs  tarther  off  than  he  would  other- 
wise do. 

REDUCING  ScalCf  or  SfRvEViso  Nra/e,  is  a broad 
thin  slip  of  box,  or  ivory,  having  several  lines  and  scales 
of  c«jual  parts  upon  it ; usrd  by  surveyors  for  turning 
chains  and  links  into  roods  and  acres,  by  inspection. 
They  use  it  also  to  reduce  maps  and  draughts  from  one 
dimension  to  another. 

REDUenON,  in  general,  is  the  bringing  or  changing 
some  thing  to  a different  f«>rm,  state,  or  denomination. 

Reductiuk,  in  Arithmetic,  is  commonly  understood 
of  the  changing  of  money,  weights,  or  measures,  toother 
denominations,  of  the  same  value;  and  it  is  of  two  kinds. 
Reduction  Descending,  which  is  the  changing  a number 
to  its  equivalent  value  in  a lower  denomination  ; as  pounds 


ouuidc  of  the  fixed  curojiass,  except  when  the  instrument 
is  made  of  wood,  iu  which  case  an  index  is  used  instead 
of  the  thread. 

RhX^TIFVING  qfCurv€$.  . See  RacTtricATioti. 

RtCTif  TING  of  the  Glube  or  Sphere,  is  a pr»*vious  ad- 
justment of  It,  to  prepare  it  for  the  s«dulioti  of  problems. 
This  Usually  consists  in  ))lncing  it  in  the  same  position  as 
the  true  sphere  of  the  world  has  at  some  certain  time  pro- 
posed : which  is  done  first  by  elevating  the  pole  above  the 
borixim  ss  much  ns  (he  latitude  of  the  place  is,  then 
bringing  the  sun's  place  for  the  given  day,  found  in  the 
ecliptic,  to  the  graduati-d  side  of  the  brass  or  general  me- 
ridian,next  move  the  hour-index  to  the  upper  hour  of  13, 
•o  shall  the  globe  be  rt'Ctified  fur  noon  of  that  day;  uod 
if  the  globe  be  turned  about  till  the  hour-index  point  at 


any  proposed  hour,  (hen  is  the  globe  in  (he  real  position  into  shillings  or  pence : and  Heduciion  Ascending,  wbiclr 

of  the  earl^  at  that  time,  il  the  whole  globe  be  set  in  ■ - • - • ^ • - 

the  north  aii«i  south  position  by  means  of  the  compass. 

RECTILIN  E.AL,  Rectilinear,  or  RigAz-fined,  is  the 
quality  or  nature  of  figures  that  arc  bounded  by  right 
lines,  or  formed  by  right  lines. 

RECURKING  Serin,  It  a series  constituted  in  such 
a roaniitT,  that  having  taken  at  pleasure  any  number  of 
its  terms,  each  following  term  slmll  be  related  to  the 
same  number  of  preceding  terms  according  to  a constant 
law  of  relation.  Sec  Hecurri»g  Series. 

Recurring  D.cimah.  SeeKEPETCRD. 

RED,  in  Physics,  or  Optics,  one  of  the  simple  or  pri- 


is  the  changing  numbers  to  higher-  denominations; 
pence  to  shillings  or  puuiids.  the  books  on  arith- 
metic. 

Reduction q/’fVflcZronx.  SecFRAcrioN, mnd Decimal. 

Reduction  o/E«/aaZwMw.  See  EguATioN. 

Reduction  o/Canr*.  SccCuhve. 

Reduction  of  a /■Vgure,  Drsiy*,  or  Drai^Ar,  is  tho 
making  a copy  of  it,  eiitivr  larger  or  snvaller  than  the 
origin^,  but  »Uli  preserving  (he  form  and  proportion. 

Figure*  and  plan**  are  nduced,  ami  copied,  in  varioua 
wny»;  by  the  pentagr.’iph, and  proportional  compasses, 
Sve  PfiNTAURAPii,  ond  Proporzioafl/  CoMFiiwES.  Iho 


niary  colours  of  nuturHl  bodies,  or  rather  uf  the  rays  of  best  of  the  other  methods  of  reducing  arc  as  below. 


light. — The  red  rays  arc  the  least  refrangible  of  all  (he 
rays  of  light.  And  hence,  as  Newton  supposes  the  dif- 
ferent degrees  of  refrangibility  to  arise  from  the  different 
magnitudes  of  the  luminous  particles  of  which  the  rays 
Consist  ; therefore  the  red  rays,  or  red  light,  is  concluded 
to  be  that  which  consists  uf  tho  largest  particles.  See 
Colour, and  Light.— ^Aulhors  distinguish  three  general 
kinds  of  red : one  bordering  on  the  blue,  ms  columbine, 
or  dove-colour,  purple,  and  crimson  ; another  bordering 
on  yellow,  as  flamcK^oIour  and  orange  ; and  between 
these  extremes  Isa  mcdnim,  which  is  that  which  i«  pro- 
perly called  red. 

REDANS,  or  Redant,  or  Redent,  in  Fortification, 
is  a kind  of  work  indented  like  (he  teeth  of  a saw,  with 
salient  and  re-entering  angles;  to  the  end  that  one  part 
may  flank  or  defend  another*.  U is  called  also  Saw- work,  ^ 
ami  Indented  work. — Redans  are  often  used  in  fortifying 
of  walls,  where  it  is  not  necessary  to  be  at  the  expense 
of  building  bastions;  as  when  they  stand  on  the  side  of 
a river,  or  a marsh,  or  the  sea,  he*  But  tho  fault  of 
such  fortification  it,  that  the  besiegers  from  one  battery 


To  reduce  a simple  Rectifiuear  Figure  Ay  iaaei. 

ChfKisc  a point  P any  where  about  the  given  figure 
ARCDE,  either  within  it,  or  without  il,  or  iu  one  side  or 
ari^le;  but  near  the  middle  is  best.  4From  that  point  P 
draw  lines  through  all  the  angles ; on  one  of  which  take 
po  to  PA  in  the  propoMxl  proportion  of  the  scales,  or 
linear  (hmen^iuns;  thni  draw  ab  parallel  to  ab,  6c  to  bc^ 
Ac  ; so  shall  abede  be  (he  reduced  figure  sought,  either 
greater  or  smaller  than  the  original. 
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To  Reduce  a Fif;ure  bif  a St  rt/r.— Measure  all  the  side*, 
and  diagojmh,  al  the  as  abcdf.,  by  a scale;  nnd 

lay  down  the  same  mcasutua  rrspcciively,  from  another 
tcaUs  in  the  {iropt+rtion  required. 

To  Htducc  a .\tap,  lietign,  or  /*Vg«re,  i^uaret.  Sec 
StJ4VKVi>i<i,  Jirl.  *J|. 

Ueuuction  io  the  Ecliptic,  in  Astronomy,  U the  differ- 
ence belvsirt'ii  iIk;  argument  of  lati- 
tude, UH  N p,  ttiui  Mh  arc  of  the  eclijv 
tiC  SfH,  lOJiTCepled  belwifii  the  ph*ce 
of  u planet,  and  the  noiic.-^Tu  tmd 
this  reduction,  or  diffiTi’iicc ; in  the 
righl-an!;led  spiiericu!  triangle  Kl'K, 
arc  giveti  the  iiiiglc  of  ^icWuatiun, 
and  the  argument  ul  ialilude  np;  Iu 
tind  Mi;  then  the  dif.  botMCH'iiKP 
and  NU  is  the  reduction  nought. 

KtUUNDA.NT* is  a cum*  of  the  higher 
kind,  su  talhd  becau>e  it  exceeds  the  conical  hypt-ibola 
in  the  mtniU'r  <)l  legs ; being  a triple  hyjM'rboIa,  with  6 
hyperbolic  legs..  Set*  Newton's  Knum.  Lin.  tcriii  Ordinis, 
nomitui  forniurmti,  ^c. 

, RI>liNl  LUrNG  in  Forlificati -n,  is  an  angle 

who'>c  point  is  turned  inwards,  or  bmatds  the  place. 

REFLtl  rr.I)  R-JV,  nr  Emm,  is  that  which  is  made  by 
the  reflection  t»f  light,  or  by  light'fii^t  received  upon  the 
surface  of  »*»me  body,  and  thence  refleeted  again.  Sec 
Ray,  Viniox,  and  RcrLtcriox. 

RKFLF.CTING  C'ircfr|  or  Seiuurircle,  an  ingenious  and 
UK'lul  instrument,  adapted  to  the  purpose's  of  surveys,  es- 
pecially those  of  the  military  kind,  in  forming  sketches  in 
the  practice  of  reconnoiti'ring. 

This  instrument  is  the  invention  of  sir  Howard  Dougins 
Bart.  lieulciiunt-g«ivernor  of  ihc  senior  department  of  the 
ifoyal  Military  Odlege,  at  Farnham  ; and  which,  with  the 
many  useful  rt*gulations  and  grKHi  management  of  the  col- 
lege, aic  so  many  veiiHcations  of  the  promising  hopes  in- 
dicated by  his  talents  and  regular  grmd  conduct  in  the 
Royal.  Mil.  AcaJ.  at  Wiiolwich,  where  sir  llonaid  re- 
ceiticd  kis  military  etIucaiioD. 

I'hc  mstruinent  eoinbiiies  the  effect  of  a Hadley's  qua- 
drant and  uf‘H  prujrMCtor,  together;  or  it  coinhines  the 
measuring  prinnpie  with  a circular  prolrnclor,  tn  such  a 
manner,  that  the  index  or  linibof  tlu-insiruiiienl  shall  dc- 
scribe  the  U'4o/c  yt  the  meH>uri-d  angle.  By  thTsconlri- 
vanre,  the  angles  taken  in  the  Held,  may  he  prntnictul  nt 
on-  e,  in  their  leal  iimgnitude,  nti  the  sketch,  without  the 
trouble  of  ivadihg  o'fl  the  ilegrers.  It  is  then*foie  particu- 
larly UH'ful  hi  surveying,  to-determinr  the  true  situations 
of  objects,  at  the  i^uroe  umc  that  the  ground  is  -kvtclo'd. 

To  the  radius  or  limb  of  a semicircular,  or  circular, 
protractor,  abc  (pi.  31,  fig.  2),  is  ftx<  d the  Index  glass 
DF  ; and  the  horizon  glass  lo  is  fl\ed  on  a bur,  iii,  which 
has  a motion  on  the  centre  K.  This  bar  slidi>s  on  n pin  o, 
attached  to  the  limb  or  radius  caiiyingihe  index  ghts<i; 
the  pin  bring  adjusted  so,  that  there  shall  Ite  noap|micnt 
itid(  x-error,  and  exactly  in  the  same  circle  with  the  point 
KU  the  princii>al  limb  will  then  descrila*  the  whole  angle 
mersured,  i 

Thus  the  new  rrfteUing  circle,  or  semircircic,  is  di^ idl'd 
into  300^*,  ISO  , instead  of  the  double  number,  as  in  the. 
repeating  circle,  and  the  length  of  the  arc  of  the  Utter  is 
equal  to  that  of  a M*xi3nt,  wh+>se  radius  is  the  h tigth  of  the 
sliding  bar,  that  is,  the  diameter  of  the  circle.  A vernier 


is  applied  to  read  off  with  accuracy.  A 4-incR  plotting, 
or  diagonal  scale  of  1 mile,  divided  into  yards.  Is  engraven 
on  the  lixed  limb  of  the  instrument ; by  help-of  which  all 
the  cases  of  trigonometry  can  be  solved  by  construction. 

To  those  acquainted  with  the  common  sextant,  the  use 
of  the  rt  fleeting  semicircle  will  beubiious.  Ibe  eye  is 
applied  to  the  end  of  the  bar  q : the  itislrument  is  hHd  in 
the  right  hand,  by  the  end  of  the  fixed  limb,  and  is  diri'ctcd 
so  that  the  left, -or  direct  object,  is  seen  through  the  un- 
siivered  pan  of  the  horizon  glass.  Apply  the  thumb  of 
the  left  hand  lo  the  end  of  the  moveable  limb,  and  turn  it 
till  the  other  oljeet  is  seen  reflected  in  the  lower  part  of 
the  horizon  glas^ ; then  pks  is  the  measured  angle,  which 
can  be  protracted  at  pnee,  placing  the  centre  r over  the 
station.-— I'he  errors  or  mistakes  arising  from  reading  off 
in  a hurry,  are  thus  avoided;  the  operations  of  protract- 
ing the  points,  and  sketching  the  features  of  the  ground,  are 
combmod  ; and  the  sketch  much  sooner  completed. 

SI  is  a small  screw,  to  ifdjust  the  horizon  glass  perprn- 
dieulnr  to  the  plane  of  the  instrument ; and  v is  another 
small  .screw,  behind  the  index  glass  to  adjust  it  parallel 
to  the  horizon  glass,  when  the  vernier  cuts  U degree  on  the 
arc. 

For  other  instruments  of  reflection,  sec  Cinct7LAR  /a- 
strument, 

RtFLLCTING,  or  Rkflexi  vs,  Z>mf,is  a kind  of  dial 
which  shows  the  hour  by  means  of  a thin  piece  of  looking- 
g^ass  plate,  duly  placed  to  throw  the  sun’s  mys  to  the  top 
of  a cieliiig,  ou  which  the  hour-lines  are  drawn. 

REStRCTiNO  Telescope,  is  one  in  which  the  rays,  from 
the  object  lo  be  viewetj,  are  first  received  on  « spi-culum, 
or  polished  reflecting  surtac**,  of  a proper  form,  (hence  to 
another  speculum,  and  so  to  the  eye.  Nee  Telexcopt. 

REFLECTION,  or  Reflexion,  in  Mechanics,  is  the 
return,  or  regressive  motion  of  a moveable  body,  occasioned 
by  the  resi+-tunce  of  another  body,  which  hiiideri  it  from 
pursuing  its  f-nrmer  couise  of  direction. 

Reflection  is  conceived,  by  the  latest  and  best  authors, 
as  a motion  peculiar  lo  elastic  bodies,  by  which,  after 
striking  on  others  which  they  cannot  remove,  they  recede, 
or  turn  back,  or  aside,  by  their  elastic  power.  On  this 
principle  it  is  assiTlrti,  that  there  may  be,  and  is,  a piTiod 
of  rest  between  the  incidence  and  the  reflection  ; i+incc  the 
ri'ff(*ctcd  motion  is  nor  n continuation  of  the  other,  but  a 
new  motion,  arising  from  a new  cause  or  piinciple,  viz,  the 
power  of  elantiriiy. 

It  b one  of  the  great  laws  of  reflection,  that  the,angle  of 
incidence  is  e^fual  to  the  angle  of  ri'flcciion;  i.e.  that  the 
angle  which  ihe  direction  of  motion  of  a sttiking  body 
rnake^  w iih  the  surface  of  the  bmly  struck,  is  equal  to  the 
angle  made  between  the  same  turiace  and  the  direction  of 
mntiim  after  the  stroke.  See  Ikcidencx  and  Percus- 
sion. 

' Reflection  of  the  -lOtyatf  tjght,  like*  that  of  other 
btKiio,  is  their  motion  after  Uing  reflected  from  the  sur- 
faces of  bodies.  The  reflection  of  the  lays  of  light  Aom 
the  surface-  ef  bodn*s«.is  the  means  by  which  ihuse  burliet 
bix'ume  visible.  And  ibo  dispoiuiion  of  bodies  lo  reflect 
. thi«  nr  that  kind  <if  rays  most  C(»piously,  is  the  cause  of 
aheir  being  of  this  or  ihni  colour.  ANo,  the  reflection  of 
light,  frnm  the  surUcesof  mirrors,  nmki?s  the  subject  of 
ca»»*ptrks.  , 

The  n flection  (<f  light.  New  ton  baa  shown,  is  not  effect- 
ed by  the  rays  sinking  on  the  very  parts  of  (be  bodies; 
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but  by  some  power  of  the  body  equally  diffused  llirough- 
out  iu  whole  surface,  by  which  it  uct&  upon  the  ray,  nt* 
trading  or  repelling  ii  without  any  real  iiniurdnitc  contact. 
This  power  he  alloshowa  is  the  same  by  which,  in  other 
ciroumatancevi  the  rays  are  refracted  ; and  by  which  they 
are  at  lirst  emitted  from  th<f  lucid  bo4y. 

Dr.  Priestley  says,  itis  not  more  probable,  that  the  rays 
of  light  are  transmitted  trora  the  sun,  with  un  uniform 
disposition  to  be  rt'flccied  or  rctructed,  according  to  the 
circumstances  of  the  bodies  on  which  they  impinge;  and 
that  the' transmission  of  some  of  the  rays,  apparently  un* 
der  the  .same  circumstances, ^with  others  that  are  n dectedi 
is  owing  to  the  imoule  vibrations  ot  the  small  parts  of  the 
surfaces  of  the  mediums  ihrougl^hicli  the  rays  pa«s;  vi* 
bratiuns  that  are  indr^H'Oilcnr  of  action  and  reaciuai  bo 
tween  the  boriies  and  the  particles  of  light  at  the  tune  of 
their  impingeing,  though  probably  excited  by  the  adtou  of 
preceding  rays.  Hist.  <>f  Light  umi  t’ulnuis  pa.309.  • 

Newton  concludes  his  account  ol  the  rclicction  ot  Itght 
with  observing,  that  if  light  be  rt'flcctvd  not  by  impingeing 
on  the  ii^id  parts  of  bmlics,  bu;  by  some  other  principle, 
it  is  probable  that  as  many  of  its  rays  as  impinge  un  the 
solid  parts  of  bodies  are  nut  rtffecterl.  but  sttne«l  and  Imt 
in  the  bodies.  Otherwise,  he  says,  we  must  suppose  two 
kinds  of  reflection  ; for  »houi<)  all  the  rays  be  reflected , 
which  impinge  on  the  inteiiial  parts  ol  cfeui  water  or  cry* 
stal,  thrise  substances  would  rather  hare  n cloudy  coluur, 
than  a clear  transparency.  To  make  bodies  look  black,  it 
is  necc*ssary  that  many  lays  be  stopped,  regained  and  h»st 
in  ihem ; and  it  docs  not  st  em  probable  that  any  rays  cua 
be  ki«ppi*d  and  stifled  in  them,  winch  do  not  in.pinge  on 
their  parts ; and  hence,  Iu*  says,  we  may  understand,  that 
bodi<*s  arc  much  in<  rc  rare  and  por<Mis  than  is  commonly 
believed.  Huwever,  M Uou;:Uir  disputes  the  fncfof  light 
being  stifled  or  lost  by  impiiigcing  on  the  solid  parts  ol 
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bodies. 

REFtr.CTiOK,  in  Catoptrics,  is  the  return  hf  a ray  of 
light  from  the  pulbhed  suifacc  of  a speculum  or  mirroa, 
as  drivtu  thmee  by  >t»mc  power  residing  in  it.  The  ray 
Uion  returned  is  called  a n flex  or  refltctcd  ray,  or  a ray 
of  reflection ; and  the  point  of  the  speculum  whcit*  the 
ray  commences,  is  called  tlie  pnim  uf  reflection.  Thus, 
the  ray  ab*  proceeding  from  the  ra* 
diaot  A,  and  striking  on  the  point  of 
the  sjiecuium  b,  being  returned 
thence  to  c,  bc  represents  the  re- 
flected ray.  and  b the  print  of  re- 
fli^lionf  in  respect  of  which,  ab  re- 
presents the  incident  ray,  or  ray  of 
incidence,  and  a the  point  of  incidence ; also  the  angle 
CBB  is  the  angle  of  reflection,  and  abd  the  angle  of  inci- 
dence ; where  oa  is  the  reflecting  surface,  or  at  least  a 
tangent  to  it  at  the  point  B.  Though  some  count  the  angle 
of  incidence  and  uf  reflection  from  the  perpendicular  bf. 

Gewrul  Luxe*  qf  HErLaCTiON.— -1.  When  a ray  of 
light  is  reflected  from  a speculum  of  any  form,  the  angle  of 
incidcricr  is  always  equal  to  the  angle  of  reflection.  This 
law  obtains  in  the  percussions  of  all  kinds  of  bodies ; and 
consequently  must  do  so  in  liiosc  of  li«ht;  the  proof  of 
which  may  be  seen  at  the  article  Ixcidexce.  This  law 
is  canflrmed  also  by  experiments  on  all  bodies : and  on 
the  rays  of  light  in  this  manner : A ray  from  the  sun  fall- 
ing on  a mirror,  in  a dark  room,  through  a small  hole, 
will  be  seen  (o  rebound,  so  as  to  make  the  angle  of  reflec- 
tion equal  to  the  angle  of  incidence.  And  the  same  may 


bc  shown  in  various  other  ways : thus  ex.  gr.  placing  a 
u'inicircle  urt  on  a mirror  de,  its  centre  on  b,  and  its 
limb  or  plane  perpendicular  to  the  sprculuin  4 then  as- 
suming i*qual  arcs  dg  and  r.ii ; place  an  object  iu  a»  and 
the  eye  in  c:  then  will  the  object  be  set  n by  a rny  re- 
flected from  the  point  b.  But  by  covering  d,  the  ebject 
w ill  cease  to  he  seen. 

U.  Every  point  of  a fpcculum  reflects  ray's  falling  on  It, 
from  every  point  of  aii  object. 

HI.  If  thecycC  and  the  radiant  point  a change  places, 
the  point  will  continue  to  radiate  upon  the  eye,  in  the 
same  course  or  path  as  before. 

IV'.  The  plane  of  rcflecooo  is  perpriidicular  to  the  sur- 
face of  the  speculum ; and  it  pa'.scs  through  the  cctili|.>  in 
spherical  specula.  * 

Reflictiok  qf  the  ^Ifooa,  is  a term  u^ed  by  some  au- 
thors for  what  is  otherwise  called  her  variation  ; being  the 
3d  inetjuality  in  her  motion,  by  which  hiT  true  place  out 
of  tbe  quadratures  diflV  rs  from  her  place  twice  rqu|teii. 

Kefi.c.C’tiun  isaUu  used  in  iheCuprrnican  system,  for 
the  distance  of  the  pole  from  the  borixon  of  th;»  due  ; 
which  js  the  same  thing  as  the  sun's  declination  in  the  Pto- 
lemaic system'. 

Rc.FIIKCTOIUK  Curve.  See  ft', fec/oire  Curve. 

REfLLXIRII.lTY  of  the  ftayi  of  is  iliat  property 
by  which  llii'y  dre  ihn|K«sed  to  bc  reflected.  Or,  itifttheir 
dispfisitioD  to  be  turned  back  into  the  »ame  mciiium,  tium 
any  other  medium  on  whose  surfarc  they  fall.  Ileiicc 
those  rays  arc  said  to  be  mure  or  less  reflcxible,  which  ai^ 
returned  bark  more  or  Ip-»s  easily  under  the  same  inci- 
dence. Thus,  if  light  pass  out  of  glass  into  air,  and  by 
being  inclined  more  and  mure  to  the  common  surface  of 
the  ghn»  and  air,  begins  at  length  fo  be  tmally  reflected  by 
that  surlAcc,  those  kinds  of  rays  which  at  like  incidences 
are  rcfliCled  most  copiously,  nr  the  rays  which  by  bring 
inclined  begin  soonest  to  be  totally  nlkctcd,  are  the  must 
Is  flexible  ray!«.  • . - 

'1  bat  rays  of  light  are  of  different  cohiun,  and  endued 
witii  dith-rent  degrees  of  re  flexibility,  was  first  discovered 
by  sir  1.  Newton ; and  it  is  shown  by  the  following  expi'- 
riment.  .-Vpplyinj^a  prism  dfe  to  the  aperture  c of  a 


darkened  room,  in  such  manner  that  the  light  be  reflected 
from  the  btisc  in  g ; iho  violet  rays  are  seen  first  refletled 
into  no  ; the  other  rays  continuing  still  refracted  to.  1 and 
K.  After  the  violet,  the  blue  arc  all  reflected;  then  the 
green,  6cc.— •Hence  it  appears,  that  the  ditTcreuily  cuiourtd 
rays  differ  in  degrre^of  rcHi-xibility.  And  from  other  ex- 
periments it  appears,  that  those  rays  which  arc  most  rc* 
fle.xihle,  ore  also  in<)sl  refrangible. 

REFLUX  of  the  &a,  is  th^  ebbin^of  the  water,  or  its 
return  from  the  shore;  being  so  callKi,  because  it  is  the* 
opposite  motion  to  the  flood  or  flux.  See  Ti  u b. 


Digitized  by  Google 


REF 


REF 


C ^ ] 


REFRACTED  Anz^c,  or  Ant>U  of  R^raciiont  in  Optics* 
» ihe  angle  which  the  rcfracir<i  ray  makes  with  the  ro- 
liactmg  surface  ^ or  sometimes  il  denote*  the  complement 
of  that,  or  the  uugle  it  inaki**  >Mth  the  pi-rpendlcular  to 
the  '«>»!  stirfacif. 

Refractud  or  U^ractinq  DiaU,  are  such  as 

show  the  hour  by  nteuus  of  some  refracting  transparent 
fluid.  » 

Rffractcd  Ray.  of  RtfRACriov,  is  a ray 

after  it  >*  broken  or  bent,  at  the  common  surface  of  two 
dilferent  mediums,  evhett*  it  pass's  from  the  one  into  the 
other.  See  K tv, and  Uefuactiok. 

RErRaCTiNO  TetfKopt,  IS  one  by  which  the  rays  from 
an  aby  ct  are  transnuiu-d  to  the  eye  through  certain  lenses 
of  a projxT  form.  Sec  Telescope. 

REFRACrrON.in  Mechanics.is  the  deviation  of  a mov- 
ing body  from  its  direct  coorsct  by  reason  of  the  diflerciit 
density  of  the  medium  it  mows  in ; or  a flexion  and 
change  of  dcterininatjirn,  occasioned  by  a body’s  passing 
obliquely  out  of  one  medium  into  another  of  a different 
density. 


Thus,  a ball  a,  moving  in  the  air  in  the  line  ab,  and 
falling  obliquely  on  the  surface  of  the  water  CD,  does  not 
proceed  straight  in  ihe*samc  direction,  as  to  e,  but  de- 
viates of  is  dcflt'ctcd  to  r.  Again,  if  the  ball  move  in 
sfBter  HI  the  line  a a,  and  fall  obliquely  on  a surface  of 
air  CD  ^ fC  will  in  this  case  also  deviate  from  the  same 
continued  direction  n e,  hut  the  contrary  way,  and  will 
gd  to  o.  on  the  other  aide  of  it.  Now  the  deflection  in 
either  case  is  called  the  Refrariion,  the  refraction  Uing 
towards  the  denser  surface  Doin  this  former  casi',  butfrum 
il  in  the  latter. 

These  refractions  are  supposed  to  ariM*  from  hence; 
that  the  bail  arriving  at  B,  in  the  first  case  flnds  miirc  n> 
sistaiice  or  ojtposition  on  the  one  side  o,  or  fmm  the  side 
of  the  water,  than  it  Hid  from  the  side  P,  or  that  of  the 
air;  and  in  latter  more  resistance  from  the  side  P, 
which  is  now  the  side  of  the  water,  than  the  side  o,  which 
is  that  of  the  air.  And  so  for  any  other  diff-  reni  media  ; 
a visible  instance  of  which  is  often  perceived  in  the  falling 
of  shot  or  shells  into  the  enrih,  as  clay  dec,  wlicn  the  per- 
foration is  f<»und  to  rise  a little  upwards,  inward  (he  sur- 
face. However,  another  rca^tm  is  assigni'd  for  the  refrac- 
tion pf  the  rays  of  light,  wboj<»  refractions  lie  the  con- 
trary way  to  th^r<e  abo\e,  as  will  be  wvn  in  what  folhjws, 
viz,  (bat  water  by  its  greater  attraction  accelerates  the 
motion  of  the  rays  of  light  more  tluit  air  dors.  / 

Uf.^RACTioN  tf  Light,  in  Optics,  is  an  inflection  or 
deviation  of  the  rays  from  their  rectilinear  course  on 
pasting  obliquely  (Wt  of  one  medium  into  another,  of  a 
different  density.  Tliai  a body  may  be  refracted,  it  is 
necessary  tbai  it  should  fall  obliquely  on  the  second  me- 


dium : in  perpendicular  incidence  there  is  no  refraction. 
Yet  Voscius  and  Snell  imagined  they  had  observed  a 
perpendicular  ray  of  light  undergo  a refraction  ; a per- 
pendicular object  appearing  in  the  water  nearer  than  it 
really  was  : but  this  was  attributing  that  to  a refraction 
of  the  perpendicular  rays,  which  was  owing  to  the  diver- 
gnney  of  the  oblique  rays  after /efmciion,  from  a nearer 
point.  Yet  tben^  is  a manifest  refraction  even  of  perpen- 
dicular rays  found  in  Uland  crystal. 

Rubault  adds,  that  though  an  oblique  incidence  bo  ne- 
cessary in  all  other  mediums  wc  know  of,  yet  the  obli- 
quity must  not  exceed  a certain  degree ; if  it  do,  the  body 
will  not  penetrate  the  medium,  but  will  be  reflected,  in- 
stead of  being  refractedC  Thus,  cannon-balls,  in  sea  en- 
gagements, falling  very  obliquely  on  the  surface  of  the 
water,  nre  observed  to  bound  or  rise  from  it,  and  to  sweep 
the  men  from  ofl'  the  enemy’s  decks.  And  the  same  thing 
happv'iis  to  (he  little  stones  with  which  children  make 
their  ducks  and  drakes  along  the  surface  of  the  walcr.-~ 
'Fhc  ancients  cunfoundcil  refraction  with  reflection;  and 
it  was  Newton  who  flrst  taught  (be  true  diffcftmcc  be- 
tween them.  He  shows  however  that  there  is.  a good 
deal  of  analogy  between  Iheni,  and  particularly  in  the 
case  of  light. 

The  laws  of  refraction  of  the  rays  of  light  in  mediums 
differently  terminated,  i.  e.  whose  surfaces  are  plane,  con- 
cave, and  coQVt'X,  make  the  subject  of  Dioptrics.  By  re- 
fraction it  is,  (hat  Convex  glassi-s,  or  lenses,  collect  the 
rays,  magnify  objects,  burn,  &c;  and  hence  the  founda- 
tion of  microscopes,  telescopes,  &c.— And  by  refraction 
it  is,  that  alt  remote  objects  are  si-en  out  of  their  real 
places;  particularly,  that  the  heavenly  bodies  are  appa- 
rently higher  than  they  are  in  reality.  The  refraction  of 
the  air  has  many  times  so  uncertain  an  influence  on  the 
places  of  celestial  objects,  near  the  horizon,  that  wherever 
rcfmction.a  concerned,  the  conclusions  deduced  from  ob- 
servations that  are  much  affi-cted  by  il,  will  always  re- 
main doubtful,  and  sometimes  too  pretanous  to  be  relied 
on.  See  Dr.  Bradley  in  Philos.  Trans,  number  4K5. 

As  to  the  cause  of  refraction,  it  docs  not  appear  that 
any  p«‘rson  before  Descartes  allemplcd  tuexpiaip  it : ibis 
he  undertook  to  do  by  the  resolution  of  forces,  on  the 
principles  of  mechanics;  in  consi-quence  of  which,  he 
WHS  obliged  to  suppose  that  light  passes  with  more  ease 
through  a dense  mi  dinm  than  a rare  one ; thus,  the  ray 
AC  falling  obliquely  on  a denser  mc<iium  at  c is  supposed 
to  be  acted  on  by  two  forces,  one  of  them  impelling  it  in 
the  direction  al,  and  the  other  m ak,  which  alone  can 
Ik*  efit  cied  by  the  change  of  medium*;  and  since,  after 
Ihd  ray  has  entered  the  denser  medium,  it  approaches  the 
perpendicular  ci,  it  is  plain  (bat  this  force  must  have  re- 
ceived an  increase,  while  the  other  continued  the  same. 

The  firvt  |N*reon  who  questioned  the  truth  of  this  ex- 
planation of  the  cause  of  n-fraction,  was  Format : he  as- 
serted, contrary  to  I>T5CRrti'S,  that  liglil  suffers  gn*ater 
resistance  in  water  than  in  air,  and  greater  in  glass  than 
in  water;  and  he  muintained  that  the  ri'sistancc  of  diflc- 
rent  mediums,  with  respect  to  light,  is  in  proportion  to 
their  densitii-*.  Leibniii  also  adopted  tht  saine  general 
idea ; and  they  reasoned  on  the  subject  in  the  following 
manner.  Nature,  say  they,  acconqilisbes  her  ends  by 
the  sborti-st  methods  ; and  therefun*  light  ought  to*  pass 
from  one  point  to  another,  either  by  the  shortest  course, 
nr  by  that  in  which  the  least  lime  is  required-  But  it  is 
plain  that  the  path  in  which  light  passes,  when  ii  falls 
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obliquely  on  a denier  mediuiO)  is  not  tlic  most  direct 
or  the  shortest ; and  therefore  it  ipust  be  that  in  which 
the  least  time  is  spent.  And  whereas  it  is  demonstrable, 
that  light  falling  obliquely  upon  a denser  medium  (in  or* 
dcr  to  take  up  the  least  time  possible,  in  passing  from  a 
|M>inl  in  one  medium  to  a point  in  tbe  other)  must  be  re* 
traded  in  such  a manner,  that  (he  sine  of  the  angles  of 
incidence  and  refraction  must  be  to  one  another,  as  the 
ditferent  facilities  with  which  light  is  transmitted  in  those 
mediums  ; it  follows  that,  since  light  approaches  the  per- 
pendicular when  it  pastes  obliquely  from  pir  into  water, 
the  facility  with  which  water  suffers  light  to  pass  through 
it,  is  less  than  that  of  the  air ; so  that  the  light  meets 
with  greater  resistance  in  water  thau  in  air. 

This  method  of  arguing  from  final  causes  could  not 
satisfy  philotophers.  Dr.  Smith  observes,  that  it  agree* 
only  to  the  case  of  refraction  at  a plmie  surface ; and  that 
the  hypothesis  is  altogether  arbitrary. 

Dechales,  in  explaining  the  law  of  refraction,  supposes 
that  every  ray  of  light  is  composed  of  several  smaller 
rays,  which  adhere  to  one  another;  and  that  they  are  re- 
tracted towards  the  perpendicular,  in  passing  into  a denser 
medium,  because  one  part  of  the  ray  meets  with  more 
resistance  than  another  part ; so  that  the  former  traverses 
a smaller  space  than  the  latter;  in  consequence  of  which 
(he  ray  must  necessarily  bend  a little  towards  the  perpen- 
dicular. This  hypothesis  was  adopted  by  the  celebrated 
Dr.  Harrow,  and  indeed  some  say,  he  was  tbe  author  of 
it.  Sow  on  tills  hypothesis  it  is  plain,  that  mediums  of  a 
greater  refractive  power,  must  give  a greater  resistance  to 
the  passage  -of  the  rays  of  light,  then  mediums  of  a less 
refractive  power;  which  is  contrary  to  fact. 

The  Bernoulli*,  both  father  and  son,  have  attempted 
to  explain  the  cause  of  refraction  on  mccbaincal  princi* 

files;  tbe  former  on  the  equilibrium  of  forces,  and  the’ 
alter  on  tbe  same  principle*  with  the  supposition  of  ethe- 
real vortices:  but  neither  of  these  bypoibcscs  has  gained 
much  crediL 

M.  Mairan  supposes  a subtle  fluid,  filling  the  pores  of 
all  bodies,  and  •extending,  like  an  atmosphere,  to  a 
small  distance  beyond  their  surfaces;  and  then  he  sup- 
pose* that  tH{‘  r^ractiun  of  light  i*  nothing  more  than  a 
necessary  and  mechanical  effect  of  the  incidence  of  a 
small  body  in  those  circumstances.  There  is  more,  he 
says,  of  the  refracting  Huid,  in  water  than  in  air,  more  in 
glass  than  in  water,  and  in  general  mure  in  a dense  me- 
dium than  in  one  that  is  rarer. 

'MaupiTtuis  suppose*  that  the  course  which  every  ray 
takes,  jn  passing  out  of  one  medium  into  am  ther,  is  *that 
which  ret]uirca  the  least  quantity  of  action,  which  depends 
on  the  velocity  of  the  body  and  the  space  it  pas;>i^  over ; 
so  that  it  is  in  proportion  to  (he  sum  of  the  products  aris- 
ing from  the  space*  multiplied  by  the  velocities  with  which 
bodies  pass  over  them,  i'rom  this  principle  hr  dc'tluce* 
the  necessity  of  the  sine  of  the  angle  of  incidence  being 
in  x constant  ratio  to  that  of  refraction  ; and  also  all  the 
other  laws  relating  to  the.  propagation  and  reffcciioii  of 
If^tht. 

Dr.  Smith  (in  hiv  Optics,  Remarks  p.  70)  ohservi**, 
tliHt  ail  other  ibi-uries  for  explaining  the  reflexion  «n<l 
refraction  of  light,  escepi  that  of  N«  wton,  supp<»*c  that 
it  strikes  upon  bodies  and  is  resisted  by  them;  which  ha* 
never  been  proved  by  any  deduction  from  oxpcrit'iicc. 
On  the  contrary,  it  a]>pears  from  various  considerilions, 
VoL.  U.  • 


and  might  be  sljown  by  the  observations  of  Mr.  Moly- 
neux  and  Dr.  Bradley  on  the  parallax  of  tbe  fixed  star*, 
that  their  rays  are  not  at  all  impeded  by  the  rapid  mo- 
tion of  the  earth’s  atmosphere,  nor  by  the  object-glass  of 
the  telescope,  through  which  they  pass.  And  by  New- 
ton's theory  of  refraction,  which  is  grounded  an  experi- 
ence only,  it  appears  that  light  is  so  fa^  from  briug  resist- 
ed and  retarded  by  refraction  into  any  dense  mt-dium, 
that  It  is  swifter  thiTc  tlian  in  vacuo  in  tbe  mtiu  of  the 
sine  of  incidence  in  vacuo  to  the  sine  of  refraction  into 
tbe  dense  medium.  Priestley’s  Hist,  of  Light,  &c,  p.  lO'J 
and  333.  * 

Newton  shows  that  the  refraction  of  light  is  not  per- 
formed by  tbe  rays  falling  on  the  very  surface  of  budtt  s; 
but  that  it  is  effected,  without  any  contact,  by  the  action 
of  some  power  belonging  to  bodies,  and  extending  to  a 
certain  distance  beyond  their  surfaces ; by  which  same 
power,  acting  in  other  circumstances,  they  are  also  ciiiiuid 
and  reffecteff. 

The  manner  in  which  refraction  is  performed  by  mere 
attraction,  without  contact,  may  be  thus  accounted  for: 
Now  $up|K)se  HI  the  boundary  of  two  mcdiuiiu,  y and 
O ; the  first  the  rarer,  ex.  gr. 
air;  the  second  the  demer,  ex. 
gr.  glass  ; tbo  attraction  of  the 
mediums  here  will  be  as  their 
densities.  Suppose  pn  to  be 
the  distance  to  which  the  at- 
tracting force  of  the  denser 
medium  exerb  itself  within  the 
rarer.  And  let  a ray  of  light 
Aa  fall  obliquely  on  the  sur- 
face which  separates  the  mediums,  or  rather  on  the<^ur- 
face  ps,  where  the  action  of  tbe  second  and  more  resist 
ing  medium  commences;  then  as  the  ray  arrives  at  a,  it* 
will  begin  to  be  turned  out  of  its  rectiliiwar  Coufse  by  A 
superior  force,  with  which  it  is  attracted  by  the  medium 
o,  more  than  by  the  medium  N ; hence  glie  ray  is  bent 
out  of  its  right  line  in  every  point  of  its  passage  between 
pi  ami  iirr,  within  which  distance  the  attraction  acts ; 
and  therefore  between  th<-se  lines  it  describes  a curve 
but  beyond  ut,  bc'ing  out  of  the  sphere  of  attrac- 
tion of  the  medium  v,  it  will  proceed  uiuformly  in  a 
right  line,  according  to  the  direction  of  the  curve  in  the 
point  b. 

Again,  suppose  n the  densc'r  and  more  attracting  me- 
dium, o (ha  rarer,  and  m (he  boundary  as  betore;  and 
let  RT  be  the  distance  to  which  the  denM*r  medium  exerts 
it*  attractive  force  within  the  rarer : then  even  when  the 
r»y  bus  passed  the  p'lint  b,  it  will  be  within  the  aphrrr  of 
the  KU|>eriur  altraction  of  the  deniM'r  medium;  but  that 
attraction  acting  in  lines  perpendicular  to  it*  surluce,  ihA 
ray  will  be  continually  drawn  from  its  straight  course 
RSI  perpendicularly  towards  ill  : thus,  having  two  forces 
or  diA'ctioms  it  util  have  a compound  motion,  by  which, 
instead  of  rm,  it  will  desciibc  »mi,  which  will  in  strict- 
ness be  a curve.  1.4i*tly.  after  it  has  arrived  at  m,  in'tiig 
out  of  the  influence  of  the  niediimi  w,  it  will  p>  r*isl  uni- 
formly, in  a right  line,  in  the  diri'clion  in  which  the  ex- 
tremity of  the  curve  leaves  it,— Thus  we  see  how  refrac- 
tion is  perforuied,  both  towards  the  perpenuicular  oe, 
and  from  it. 

Ras  RACTIOH  in  Dinptria,  is  the  inflexion  or  bending  of 
the  rays  of  light,  in  passing  the  surface*  of  ghoascs,  lcn>c»,  ^ 
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ftnd  other  tramnarent  liodirs  of  difTcrent  tUrnbitic^.  Thu%  the  ratio  of  the  cosecants,  to  that  of  the  sines, Vhich  is  the 


a ray,  as  aB,  fHlIing  obiiqiiely  from  the  rndiant  a,  upon  a 
point  B,in  a diaphanous  surface  hi,  rarer  or  denser  than 
the  medium  along  which  it  was  propagated  from  the  ru* 
diunt,  has  its  direction  there  aitmd  by  the  action  of  the 
new  mediYim  : and  instead  of  proceeding  tu  m,  it  deviates, 
as  fur  ts.  to  c. 

This  deviation  is  called  the  Refraction  of  the  ray  ; bc 
the  Refracted  ray,  or  Line  of  Refraction;  and  BtheFoint 
of  Refractiiiii  The  line  ab  is  also  called  the  Unc  of  in- 
culence  ; and  in  respect  of  it,  s is  also  called  the  Hoint  of 
Incidence.  'J'fu’  plane  in  which  both  Iheinciiient  and  re- 
tructed  ray  are  found,  is  called  the  Plane  of  Refraction  ; 
aUo  n right  line  bb  drawn  in  the  refracting  medium  per* 
)H.'mlu:u!ar  to  the  refracting  surface  at  the  point  of  lelrac* 
lion  B,  IS  called  the  Axis  of  Refraction;  ami  its  conii* 
nuatton  d b along  the  medium  through  which  the  ray  tnlU, 
is  Cuilcd  the  Axis  of  Incidence. — Further,  the  angle  abi, 
made  by  the  inridint  ray  and  the  refracting  surface,  is 
usually  called  the  Angle  of  Incidence  ; and  the  angle  a bd, 
betwet‘11  the  incident  ray  and  the  axis  of  incidence,  is  the 
'Angie  of  Inclination.  Moreover,  the  angle  sibc,  between 
the  refracted  and  incident  rays,  is  called  the  Angle  of  Re- 
fraction ; and  the  angle  cbk,  b«‘iwecn  the  n^fracted  ray 
and  (he  axis  of  refraction,  is  the  Refracted  Angle.  But 
it  is  aUo  very  common  to  cull  the  angles  abd  and  cbb, 
nude  by  the  ^veqH'iidtcular  witii  the  incident  and  refracted 
rays,  the  Angles  of  Incidence  and  Refraction. 

(imcral  Im'xs  of  Hm  uaction.*—!.  A ray  of  light  in  its 
passage  out  of  a rarer  medium  into  a denser,  ex.  gr.  out  of 
air  into  water  or  into  glas«,  is  refracted  towards  the  per- 
pendicular, i.  c.  towards  tiic  axis  of  refraction.  Hencci 
the  refracted  angle  is  less  than  the  angle  of  inclination  ; 
and  the  angle  of  refraction  less  than  that  of  incidence  ; 
AS  they  would  bc  ctjual  were  (he  ray  to  proceed  straight 
frum  A tu  M. 

II.  The  ratio  of  the  sines  of  the  angles  abt>«  cbc,  made 
by  the  perpendicular  with  the  incident  and  refracted  rays, 
is  a constant  and  fixed  ratio  ; whatever  be  the  obliquity 
of  the  incident  ray,  the  mediums  remaining.  ■Thus,  the 
refraction  out  of  air  into  water,  is  nearly  ns  % to  3,  and 
into  glass  it  is  nearly  as  3 to  2.  Ab  to  air  in  particular, 
it  is  shown  by  Newton,  that  a ray  of  light,  in  traversing 
quite  through  (he  atmosphere,  is  refracted  the  same  as  it 
would  bc,  were  It  to  pass  with  the  same  obliquity  out  of  a 
vacuum  immediately  into  air  of  equal  density  with  that  in 
the  lowest  part  of  the  atmosphere.  • * 

It  appears,  from  Ptolemy’s  Optics,  that  he  was  well  ac- 
qu.iinted  with  the  phenomena  of  the  n*fraction  of  light,  in 
passing  fr«jm  one  medium  to  another;  but  he  knew  neither 
the  law  nor  the  exact  quantity  of  it,  though  he  madoKime 
experiments  on  it.  Vitcllo,  who  collected  the  knowledge 
of  the  ancients  on  this  subject,  and  their  experiments, 
gave  a false  law  for  the  comparison  of  the  effect,  crn>- 
ni'ously  stating  that  the  angles  of  incidence  and  reflexion 
arc  always  in  a constant  ratio. 

The  true  law  of  refraction  was  first  discovered  by  Wil- 
lebrord  Snell,  professor  of  mathematics  at  Leyden  ; who 
found  by  experiment  that  the  cosecants  of  the  angles  of 
incidence,  and  refraction  are  always  in  the  same  ratio. 
It  was  commonly  attributed  however  to  Desrartes  ; w ho, 
having  seen  it  in  a ms.  of  Snell’s,  first  published  it  in  his 
Dioptrics,  without  naming  Snell,  ns  Huygens  asserts; 
Descartes  ha‘ving  only  altered  the  form  of  the  law,  from 


same  thing.  , « 

It  is  to  be  observed  however,  that  as  the  rays  of  li'jht 
arc  not  all  of  the  same  degree  of  refrangibiliiy,  this  con- 
stant ratio  must  bc  different  in  different  kinds:  so  that  the 
ratio  ravntitmrd  by  authors,  is*io  be  understood  of  rays  of 
the  mean  refrancibiiHy,  i.  c.  of  green  rays,  ‘J'bc  difference 
of  retraction  bi  tween  the  hast  nnd  most  refrangible  ra^i, 
that  is,  hetwnm  vioh-i  and  red  rays,  Newton  shows,  is  about 
the  of  the  whole  refraction  oi  the  mean  refrangible; 
which  difleience,  he  allows,  is  so  small,  that  it  seldom 
need>  to  Uc  rrgarded. 

Dijffercm  transparent  substances  have  indeed  very  dif- 
fi  rent  degrees  of  refraction,  and  tbr».e  not  nccording  to 
any  rciularlaw  ; as  iipp<'ar»  by  many  eX[M*riujeiitsof  New- 
l.‘H,  Kuler,  Hawksbee,  iXc.  bee  Newton’s  Optics,  3d  edit, 
pii.  24/  ; l!u«ksbei*’s  Lxpenm.  pa.  292;  Act.  Berlin.  1?6'2, 
pa-  302;  Priestley's  Hist,  ol  i.ight  ^c,  pa.479> 

Whence  the  diflenuit  refractive  powois  in  different  fluids 
arise,  has  not  Utr  deb  rininrd.  Newton  shows,  that  in 
many  bodies,  as  glass,  crystal,  seleniies,  pseudo  topaz,  ^c, 
tlie  refractive  power  is  indeed  propoi  tomable  to  their  den- 
sities; while  in  sulphureous  bodies,  hs  camphor,  linseed, 
and  olive  oil,  amber,  spirit  of  turpentine,  &c,  (he  power  is 
2 or  3 times  greater  than  in  other  bodies  of  equal  density ; 
and  yet  even  these  have  the  refractive  power  with  respect 
to  each  other,  m«rly  as  their  densities.  Water  has  a re- 
fractive power  in  a medium  degree  between  those  two 
kinds  of  substaiici’s ; while  salts  and  vitriols  have  refrac- 
tive powers  in  a middle  degree  between  those  of  earthy 
suL»iances  ami  water,  and  accordingly  are  composed  of 
those  two  kinds  of  matter.  Spirit  of  wine  has  a refractive 
power  in  a middle  degree  between  those  of  water  and  oily 
substances^  and  accordingly  it  seems  to  be  composed  of 
both,  united  by  fermentatiim.  It  appears  therefore,  that 
all  bodies  seem  to  have  their  refractive  powers  nearly  pro- 
porlionHl  to  their  densities,  excepting  so  far  as  they  par- 
take more  or  less  of  sulphureous  oily  particle's,  by  which 
those  powers  arc  altered. 

Newton  suspected  that  different  degrees  of  heat  might 
bave,8ome  effect  on  the  refractive  power  of  bodies  ; but  his 
method  of  determining  the  general  refractum  was  not  suf- 
ficiently accurate  to  ascertain  this  circuinsiartce.  Euler’s 
method  howevvr  was  well  adupteii  to  ihU  purpri>se:  and 
from  his  experiments  be  infers,  that  the  focnl  distance  <tf  a 
single  lens  of  glass  diminishes  with  the  heat  comiminicAlcd 
to  it ; which  diminution  is  owing  to  a change  in  the  rc- 
fracuve  power  of  the  gloss  itself,  wrliich  is  probahW  in- 
creased by  heat,  and  diminished  by  cold,  ns  well  as  tnat  of 
all  other  translucent  substances. 

From  the  law  above  laid  down  it  hdlows,  timt  otic 
angle  of  inclination,  and  lU  com'spoiuling  refracted  angle, 
being  found  by  observation,  the  rrfmcled  angles  corre^ 
sporiding  to  the  several  other  angles  of  inclination  are 
tbcncecasily  computed.  Now,  Zahniusnnd  Kirchrr  have 
found,  (hat  jf  the  angle  of  inclination  be  70°,  the  refracted 
angle,  out  of  air  into  glass,  will  J>e  38°  50' ; on  which  prin- 
ciple /ahnius  has  constructed  a table  of  those  refraciioDs 
for  the  several  degrees  of  the  angle  of  inclination  ; a ^>e- 
cimeti  of  which  here  follows: 
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Anglf  of  In* 
ciuwtioo. 

1 Refracted  Ai^tc.  j 

Anjl. 

t at  Refraic* 
tion. 

1° 

o« 

+0' 

5" 

0° 

19' 

55" 

2 

1 

20 

6' 

0 

39 

54 

3 

2 

0 

4 

0 

49 

46 

• 4 

2 

40 

4 

1 

19 

55 

5 

3 

20 

3 

1 

39 

57 

IQ 

6 

39 

16 

3 

20 

44 

20 

13 

11 

35 

6' 

48 

25 

30 

19 

29 

29 

10 

30 

31 

45 

28 

9 

19 

16 

50 

41 

JK) 

41 

4l 

40 

4H 

8 

20 

Hence  it  a^pcMrs,  ibut  il'  ibe  angle  of  inclination  be  less 
iban  the  angle  of  n-frdCtiun  out  of  air  into  gt;\&s  is  aU 
most  \ of  ibe  angle  of  Incliaatton ; tuid  therefore  a ray  is 
refmeted  to  the  axis  of  n‘fraction  by  almost  a third  part 
of  the  quantity  of  its  angle  of  inclination.  And  on  this 
principle  it  is  that  Kepler,  and  most  other  dioptrical 
vrriters,  demonstrate  the  refractions  m glasses;  though  iu 
estimaiiog  the  law  of  these  refractions  he  followed  ilie  ex* 
ample  of  Albaxcn  and  Vilello,  and  sought  to  discover  ft  in 
the  proportion  of  the  angles,  and  not  in  that  of  the  sines, 
or  cosecants,  as  discovered  by  Snell. 

The  refractive  powers  of  several  substances,  as  deter* 
mined  by  different  philosophers,  may  be  se(‘n  iii  the  fol* 
lowing  tables;  in  which  the  ray  is  supposed  to  pass  out  of 
air  into  each  of  the  substances,  atid  the  annexed  numbers 
show  the  ratio  to  unity  or  1,  between  the  sines  of  the  angles 
of  incidence  and  refraction. 

'J.  By  Sir  Isaac  Newton's  Observations. 


Air  - 

• oy<)97 

Rain  water  - - 

1-3348 

Spirit  of  wine 

1.3698 

Oil  of  vitriol  - • 

1-4285 

Alum  - - * 

1-4577 

Oil  of  olivo  - • 

1-4666 

Borax  • . . 

1-4667 

GUm  Arabic  * • 

1-4771 

Linseed  oil 

1-4814 

Selenitrs 

1-4878 

Camphor 

1-4000 

Dantaick  vitriol  • 

1-4000 

Nitre  • • • 

1-5-238 

Sal  gem  • . . 

1 4443 

Glass  - * ^ • 

1-3400 

Amber  - • . 

1-4556 

Rock  crystal 

1-46-20 

Spirit  of  turpentine 

1-5625 

A yellow  pseudo*  (opaa 

1-6429 

Island  crystal  • • • 

1-6666 

Glass  of  antimony 

1-8889 

A diamond 

2-4390 

2.  By  Mr.  Huwksbce. 

Water  * 

1-3359 

Spirit  of  honey 

1-3359 

Oil  of  amber 

1-3377 

Human  urine 

1 3419 

White  of  an  egg  • 

1-3511 

French  brandy^ 

1-3625 

Spirit  of  wine 

1.3721 

Distilled  vinegar 

1-3721 

Gum  ammoniac 

1-3723 

Aqua  rc^ia 

IJ898 

Aquafortis 

I-4044 

Spirit  of  nitre 

- . r4076» 

Crystalline  humour  of  an 

0X8  eye  1 .463.i 

Oil  of  vitriol 

1.42()2 

Oil  of  turpentine  • 

- 1-4833 

Oil  of  amber 

• 1-5010 

Oil  of  cloves 

- 1-5136’ 

Oil  of  cinnamon  * 

I '5340 

3.  By  .Mr.  Euler,  junior. 

Ram  or  distilled  water 

1-3358 

Well  water 

1 3362* 

Distilled  vinegar;  * 

1-3442 

French  wine 

1-3458 

A solution  of  gum  arabic 

1-3467 

French  brandy 

1-3600 

Ditto  a stronger  kind 

136!  8 

Spirit  of  wine  rectiUed 

J-3683 

Ditto  more  highly  rectitied  1*3706' 

White  of  an  egg 

1-3685 

Spirit  of  nitre 

1.4025 

Oil  of  Provence 

- 1.4631 

Oil  of  turpentine  • 

1-4822 

ni.  When  a ray  passes  out  of  a denser  medium  iuio  a 
rarer,  it  is  refracted  from  Uie  perpendicular,  or  froil!  the 
axis  of  refraction. 

This  is  exactly  the  reverse  of  the  2d  law,  and  the  quan- 
tity of  refraction  is  equal  in  both  cases,  or  both  forwards 
and  backwards ; ip  that  a ray  would  take  the  same  coui»e 
back,  by  which  another  pass'd  forward,  vis,  if  a ray  were 
to  pass  from  a by  ■ to  C,  another  would  pass  from  G by  B 
to  A.  Hence,  in  this  case,  the  angle  of  refraction  is  greater 
than  the  angle  of  inclination.  And  also,  if  the  angle  of 
inclination  be  lets  than  30^,  mbc  is  nearly  rqoal  to  { of 
mbe;  therefore  mbc  is  4 °f  CDB;  consequently,  if  the 
refraction  be  out  of  glass  into  air,  and  the  angle  of  incii* 
oation  less  than  30^,  the  ray  is  refracted  from  the  axis  of 
refraction  by  almost  the  half  of  the  angle  of  inclination. 
And  this  is  the  other  dioptrical  principle  used  by  most 
authors  after  Kepler,  to  demonstrate  the  refractions  of 
glasses. 

If  the  refraction  be  out  of  air  into  glass,  (he  ratio  of  the 
unes  of  inclination  and  refraction  is  as  3 to  2,  or  morcac* 
curately  as  17  to  11;  if  out  of  uir  into  water  as  4 to  3$ 
therefore  if  the  course  be  the  contrary  way,  via,  out  of  glass 
or  water  into  air,  the  ratio  of  the  sines  will  be,  in  the  for* 
nier  case  as  2 to  3 or  1 1 to  17,  and  in  the  latter  a^  3 to 
4.  So  that,  if  the  refraction  be  from  water  or  glass  into 
air,  and  the  angle  of  incidence  or  inclination  he  greater 
than  about  43|^  degrees  in  water,  or  greater  than  about 
40’’  in  gla»s,  the  ray  will  not  be  refracud  into  air;  %ui 
will  be  reflected  into  a line  which  makes  the  angle  of  re* 
flection  equal  to  the  angle  of  incidence ; becauv  the  sima 
of  48}  and  40^  are  to  the  radius  as  3 .to  4,  and  as  1 1 to 
17  nearly  ; and  therefon?,  when  the  sine  has  a greater 
proportion  to  the  radius  than  as  above,  the  ray  will  nut  be 
rcfractcrl. 

IV,  A ray  falling  on  a curve  surface,  whether  concave 
or  convex,  ii  refracted  after  the  same  manner  as  if  it  (ell 
on  a plane  which  is  a tangent  to  the  curve  in  the  point 
of  incidence.  Because  the  curve  and  its  tangent  have 
the  point  of  contact  corAmon  to  both,  where  the  ray  is 
refracted. 

Lates  qf  RBrRACTlosi  in  Plane  Surface*. 

1.  If  parallel  rays,  ab  and  ci>,  bs*  retracted  out  of  one 
transparent  medium  into  toother  of  a different  density, 
2 Q 2 
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they  %Ul  continue  parallel  After  refractioDt  at  be  and  df. 
Ilenceagltt»»  that  ]!•  plunc  on  both  siilet,  being  turtu;d 
eitlii'i  liirrctly  or  obliquely  to  the  sun,  6cc,  the  light  pats> 
iiig  through  it  will  Ik*  piupagnied  hi  the  bame  manuer.as 
il  the  were  away. 


If  two  rayt  CD  and  cf,  proccoding  from  the  same 
radiiini  c»  and  failing  on  a phine  »urfacc  of  a didereiit 
deiteiiy.  »o  that  the  {mints  of  retiactinn  D and  r be  equally 
dibiant  from  the  perpendicular  of  incidence  ok,  the  re- 
fracted ray»nrand  have  the  same  virtual  focus»  or 
the  same  point  of  dispvision  o. — Hence,  when  refracted 
rays,  falling  on  the  eyejdaced  out  of  tho  perpendicular 
ot  incidence,  are  either  equally  distant  from  the  prrp<*n- 
dicuUr,  or  very  near  each  other,  they  will  flow  u|>on  the 
eye  p if  they  came  to  it  from  the  point  G ; conM:que5tly 
the  point  C will  beseeu  by  the  refracted  ray^  as  in  G. 
And  hence  also,  if  the  eye  be  placed  in  a dense  medium, 
objects  in  a rarer  will  appear  more  remote  than  they  are; 
ami  the  place  of  the  image,  in  any  case,  may  be  deter- 
milled  from  the  ratio  of  retraction  : Thus,  to  fohes  swim- 
ming  under  water,  objects  out  of  the  fialer  must  appear 
flirther  distant  than  in  reality  they  are.  Rut  on  the  con- 
rrary,  if  the  eye  at  k be  placed  in  a rarer  medium,  then 
an  object  o placed  in  a denser,  appears,  at  c,  nearer 
iian  it  is;  and  the  place  of  the  image  may  be  determined 
jn  any  given  case  by  the  ratio  of  refraction;  and  thus  the 
outiom  of  a vessel  full  of  water  is  raised  by  refraction  a 
third  part  of  its  depth,  with  resjioct  to  an  eye  plac(‘d  {ler- 
pendicularly  over  the  refracting  surface  ; and  thus  also 
fishes  and  other  bodies,  undyr  water,  appear  nearer  than 
•they  really  are. 

If  (be  eye  be  placed  in  a rarer  medium;  then  an  ob- 
ject seen  in  a denser,  by  a ray  refracted  in  a plane  sur- 
face, will  ap|x*ar  larger  than  il  really  is.  But  if  the  eye 
be  in  a denser  medium,  and  the  object  in  a rarer,  the  ob- 
ject will  appear  less  than  it  is.  And  in  each  case,  the 
apparent  magnitude  rQ  b lo  the. real  one  Eii,  as  the 
rectangle  cr.gl  to  gk.cl,  or  in  the  compound  ratio  of 
ihc  distance  ck  of  the  point  to  which  the  rays  lend  before 
refraction,  from  the  refracting  surface  dp,  to  the  distance 
C!K  of  the  eye  from  the  aaiiie,  and  of  the  distance  cl  of 
th^object  IH  from  the  eye,  to  its  distance  cl  from  the 
point  to  which  the  rays  tend  before  refraction.— Hence,  if 
the  object  be  very  remote,  CL  will  be  physically  equal  to 
CL  : and  then  the  real  magnitude  el  H to  the  apparent 
magnitude  PL,  os  oK  to  ck,  or  as  the  distance  of  the  eye 
t from  the  refracting  plane,  to  the  distance  of  (be  point 
of  convergence  r from  the  same  plane.  And  hence  also, 
<ibjecta  under  water,  to  an  eye  in  the  air,  appear  larger 
(hail  they  arc  ; and  to  fishes  under  water,  objects  in  (he 
air  appear  less  than  they  are. 

Lutes  qfREJrnACTtOK  sn  Spherical  Surfacot  bothconcaze 
and  convex. 

1.  A ray  of  light  de,  parallel  to  the  axis,  after  a 
single  refraction  at  £,  meets  the  axis  in  the  point  f,  be- 
yood  the  centre  c. 


2.  Also  in  that  case,  the  semi- 
diameter  Cfl  orCL  will  be  to  the  re- 
Iracicd  ray  ef,  as  the  sine  of  the 
angle  of  refniciion  to  the  sine  of  the 
angle  of  inclination  bce.  Dut  the 
di&laticc  of  the  focus,  or  |)oint  of  con- 
currence from  (he  centre,  cr,  U to 
the  n*fiacted  ray  ef,  as  the  sine  of 
the  refracted  angle  to  the  sme  of  the 
angle  of  inclination. 

3.  Hence  also,  ill  this  case,  the  distance  bf  of  the  focu» 
from  the  refracting  surfuce,  must  be  to  CF  its  distance 
from  tlie  centic,  in  a latio  greater  than  (bat  of  the  sine 
of  the  angle*  of  inclination  to  the  sine  of  the  refracted 
angle.  But  those  nuios  will  be  m'arly  equal  when  the  rays 
are  very  near  (he  axis,  ami  the  aoglc  of  inclination  bce  is 
only  of  a few  degrees.  And  when  the  refraction  is  out  of 
air  into  glass,  then 

For  rays  near  the  axis,  | For  more  distant  rays, 

BF  : rc  : : 3 : 2,  1 bf  : rc  > 3 t 2, 

BC  : BF ; ; 1 : 3.  | Bc  : bf  < 1 : 3. 

Buhif  the  refraction  be  out  of  air  into  water,  then 

For  rays  near  the  axis,  I For  more  distant  rays, 

BF  ; PC  ; ; 4* : 3,  I bf  : >c  > 4 ; 3, 

BC  : BF  : : 1 : 4.  | ^ BC  : BF  < 1 : 4. 

Hence,  a.s  the  sun’s  rays  arc  parallel  as  to  sense,  if  they 
fall  on  the  surface  of  a solid  glass  sphere,  or  of  a sphere 
full  of  water,  they  will  not  meet  the  axis  w ithin  the  sphere : 
so  that  Vitello  was  mistaken  when  he  imagined  that  the 
sun’s  rays,  falling  on  the  surface  of  a crystalline  sphere^ 
were  lefracted  to  the  centre.  « 

4.  If  a ray  HE  fall  parallel  to  the  axis  fa,  out  of  a rarer 
medium,  on  the  concave  spherical  surface  bu  of  a denser 
one;  the  refracted  ray  %v  \\i\\  diverge  from  the  {joint  of 
the  axis  P;  so  that  fb  will  he  to  rc,  in  the  ratio  of  the 
sine  of  the  angle  of  indiiiation,  to  the  sine  of  the  refracted 
angle.  C<rRsequently  re  to  PC  is  in  a greater  ratio  tbaci- 
that unless  when  the  rays  are  very  near  the  axis,  and  the 
angle  bce  is  very  smalt,  for  then  fb  will  be  to  rc  ni*ariy 
in  that  ratio.  And  hence,  in  the  cases  of  refraction  out 
of  air  into  water  or  glass,  the  ratios  of  bc,  bf  and  cr,  will 
bt‘  the  same  as  sjicclfied  in  ^be  la.st  article. 

5.  If  a ray  de,  parallel  to  the  axis 
PC,  pB^s  out  of  a denser  into  a rarer 
spherical  convex  medium,  it  will  di- 
verge irom  the  axis  after  refracfton  ; 
and  the  distance  fc  of  the  |>oint  of 
dis{>er9inn,  or  of  the  virtual  ftxrus  f, 
from  the  erntrr  of  the  sphere,  will  bc 
to  its  S4’rmdiametcr  CF.  or  cb,  as  the 
sine  of  the  rofracted  angiB  is  to  (he 
sine  of  the  angle  of  refraction ; but  to 
the  fjortion  of  the  refracted  ray  drawn  back,  fb,  it  wilt  be- 
in  (he  ratio  of  the  sine  of  the  refracted  angle  to  the  sine  of 
the  angle  of  inclination.  Consequently  PC  will  be  to  fb, 
in  a greater  ratio  than  (his  last:  unless  when  (he  rays  de 
fall  very*i>rar  (he  axis  rc,  for  then  ic  to  fb  will  be  very 
nearly  in  that  ratio. 

Hence,  when  refraction  is  out  of  glass  into  air;  (hen,. 

Fur  rays  near  the  axis,  j F<ff  more  distant  rays, 

PC  : fb  : : 3 : 2,  | rc  : fb  > S : 2, 

bc  : BF  : : 1 : 2.  | bc  : bf  > 1 : 2. 

Eui  when  Uu;  rcfraciiou  is  out  of  water  into  air  ; iheo, 
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For  rays  near  the  axis, 
rr  : ra  : : 4 t 3, 
ac  ; ar  : : 1 : 3. 


Fur  mort  distant  rays, 
re  : FB  > 4:3, 

BC  : BF  > 1:3. 


6.  It*  the  ray  hi  hill  parallel  to  the  axis  cr,  from  a 
denser  medium,  upon  the  surface  of  a spherically  concavu 
rarer  one ; the  refracted  lay  wilt  meet  with  the  axis  ifl  the 
point  F,  so  that  the  distance  cr  from  the  centre,  will  be 
to  the  refracted  rny  fe,  as  the  sine  of  the  refracted  angle, 
to  the  »ino  of  the  angle  of  inclination.  C'nn^e(|Ulntly  FC 
will  be  to  FR,  in  a greater  ratio  than  that  above  mentioived ; 
unless  when  the  rays  are  very  near  the  axis,  fur  then  >c 
ie  to  FB  very  nearly  in  that  ratio;  and  the  three  fb,  re, 
BC  are,  in  the  cases  of  air,  water,  and  glass,  in  the  humeral 
ratios  as  specified  at  the  end  of  the  last  article,  bcc  Wul- 
fius,  Elem.  Malhes.  lorn.  3,  pa.  170  6cc, 

Rr.rRxrTtOK  t«  a (iUtsM  Pri$m, 

ABC  being  the  transverse  section  of  a prism  ; if  a ray  of 
light  PF.  fall  oblic|uely  upon  it  out  of  the  air ; instead  of 
proceeding  straight  on  to  I;  being  refracted  towards  the 


perpendicular  is,  it  will  decline  to  o.  Again,  since  the 
ray  fo.  passing  out  of  glass  into  air,  fulls  obliquely  on  RC, 
it  will  be  refracted  to  m,  so  as  to  recrnic  from  the  pcr> 
pemiicuUr  #n.  And  hence  arise  the  various  phenomena 
of  the  prism.  Sec  Colour. 

Refraction  ma  ConteiLens^ 

. If  parallel  rays,  ab,  cd,  ef,  falloti  the  surface  ofa  con- 
vex lens  XBZ  (the  last  fig.  above)  ; the  perjH'iuiicular  ray 
AB  will  pass  unirfractcd  to  k,  where  emerging,  a»  before, 
perpcndiculaily,  into  air,  it  will  proceed  straight  on  to  o 
But  the  rays  CD 


the  glass,  will  be  refracted  towards  the  pcrpindicular  at 
b,  and  proceed  to  o ; where  ugain  fulling  obliqut-ly  out  of 
the  glass  upon  ibe  surfuce  of  air,  it  will  be  refracied  from- 
the  perpemliculur  at  u,  and  proceed  to  v.  After  the  tamo 
inanm  r the  lay  ef  is  fiiM  reltacted  to  Y,  and  thence  toz. 
—Hence  the  great  property  of  concave  glasses ; vix,  that 
they  disperse  parallel  rqys,  or  make  them  diverge,  bee 
Lens.  * 

Refraction  fn  a Plane  Glass,’ 

If  parallel  rays  F,r,  on,  i&,  (the  last  fig.  above)  fall  ob- 
liquely on  a plane  glass  abcd;  the  obliquity  being  the  same 
lit  all,  by  reason  of  their  parallelism,  they  will  be  all 
aquully  refracted  towards  the  perpendicular;  and  accoid- 
ingly,  being  still  parallel  at  u,  o,  and  g.  they  will  pass 
out  into  the  air  equally  reflected  again  from  the  ircrpen- 
dicular,  andsutl  parallel.  Thus  will  the  rays  if,  oh,  and 
IK,  at  their  entering  the  gluss,  be  injected  towards  the 
right ; and  in  their  going  out  as  much  iiifiected  to  the  left ; 
so  that  the  first  refraction  is  bore  umlone  by  the  second, 
thcrt'by  cau-ving  the  rays  on  iheir  emerging  from  the  glass, 
to  be  paralU'l  to  their  first  direction  before  they  entered  it; 
though  not. 90  as  that  the  object  is  sceu  in  its  true  place; 
for  the  ray  Rg,  being  produced  back  again,  wilt  not  coin- 
cide with  the  ray  iK,  but  will  fait  to  the  riglit  of  it ; anii- 
this  the  more  as  the  giass  is  thicker ; however,  as  to  the 
colour,  the  second  refructiou  does  really /ileslroy  the  first. 
Sec*  Colour. 

Refraction  in  'Astronomy,  or  Refractjon  qf  the 
Stars,  is  an  inflexion  of  the  rdys  of  those  luminaries,  in 
passing  through  our  atmosphere ; by  which  the  appareot 
altitudes  of  the  heavenly  bodies  arc  increasc'd.  This  re- 
fraction arises  from  hence,  that  the  atmosphere  is  un- 
equally dense  in  dUTerent  stagos  or  regions;  rarest  of  all 
at  the  lop,  and  densest  of  all  at  the  bottom  ; which  in- 
equality in  the  same  medium,  makes  it  equivalent  to  se- 
veral unequal  mediums,  by  which  the  course  of  (he  ray 
of  light  is  contiiiuully  bent  into  a cuniinueckcurve  line. 
Sec  Atmosphf.rf..— And  Sir  Isa^ic  Newton  has  shown, 
that  a ray  of  light,  in  passing  from  the  highest  and  rarest 
part  of  tbe  atmosphere,  down  to  the  lowest  and  densest. 


rays  CD  and  ef,  falling  obliquely  out  of  air  into  undergoes  the  same  quantity  of  refraction  that  it  would 

_ I _ 1 I . j.  .1 ..r ..  pasijng  immcdiiitcly,  at  the  sai»e  obliquity,  out  of 

a vacuum  into  air  oi  equal  density  with  that  in  the  lowesb 
part  bf  the  atmospberc. 

The  efiect  of  this  rrfractioo  may  be  thus  conceived. 
'Suppose  zv  a quadrant  of  a vertical 
circle  described  from  |be  centre  ol'  thu 
earth  t,. under  which  is  ab  a qua- 
drant of  a circle  on  the  surface  of 
the  earth,  and  Gii  a quadrant  of  the 
suifacc  of  the  alnmsphere.  I'hen 
suppose  SE  a ray  of  light  emitted  by^ 
a star  at  s,  and  falling  on  the  atmo- 
sphere at  E : this  ray  coming  ou^  of  the  ethereal  medium, 
which  is  much  rarer  than  our  air,  or  perliaps  out  of  a 
pi-rfect  vacuum,  and  falling  on  the  surface  of  the  atmo- 
sphere, will  be  refracted  towards  the  p<'rpi'ndicular,  or 
inclined  down  more  towards  the  earth  ; and  since  the  up- 
per strata  of  air  arc  rarer  than  those  near  the  earth,  and 
becomes  still  denser  as  ihc^  approach  the  earth’s  surlace, 
the  ray  in  its  progress  will  be  continually  refracted,  so 
as  to  arrive  at  the  eye  in  the  curve  ■line  ea.  • Then  su|^ 
posing  the  right  line  af  U»  be  a laiigeiit  to  ibe  arch  at  a, 
iJte  ray  will  enter  the  eye  at  a in  the  direction  of  af; 
and  thereioro  tbe  star  will  appear  in  the  heavens  at  g, 
instead  of  s,  higher  or  oearcr  the  xeifith  than  it  leally  is, — 


f;lasa,  at  D and  r,  will  be  refracted  towiards  the  axis  of  re- 
rnction,  or  towards  (be  perpendiculars  at*  d and  f,  ami 
so  decline  to  g atui  p:  where  emerging  again  obliquely 
out  of  the  glass  into  the  surface  of  the  air,  they  will  be 
refracted  from  the  perpendicular,  and  proceed  in  the  di- 
rectioits  go  and  pg,  meeting  in  o.  And  thuv  also  will  all 
the  other  rays  be  refracted  so  as  to  meet  tbe  rest  near  the 
place  G.  Rocus  and  Lens.— Hence  the  great  pro- 
perty of  convex  glasses;  viz,  that  tiicy  collect  parallel 
rays,  or  make  them  converge  into  a point*  « 

• Refraction  in  a Concave  Lem. 

Parallel  mys  ab,  cd,  ef,  falling  on  a concave  lens 
GBHtUK,  the  ray  ad  lulling  perpendicularly  Bn  the  glo-vs 
at  B,  will  pans  unrefracted  to  m ; where,  being  still  per- 
pendicular, it  will  pass  into  the  air  to  L,  without  refrac- 
th>D.  But  the  ray  cd,  ^ling  obliquely  on  the  surface  of 
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Hence  ome  the  phenomena  of  ihc  crrpoftcalum  or  ttvi- 
light;  ami  hence  tilso  it  is  that  the  moon  it  tomeiimes 
aecn  ccli}>M>d,  uhen  «hc  i»  really  below  the  hori2on,  ami 
the  tun  abme  it. 

That  there  it  a real  refraction  of  the  tiart  &c,  it  <Ic« 
duced  not  only  from  phytical  coiiti(lcration>,  ami  from 
argunyeiitt  a priori,  and  a timilitudine,  bnt  bImj  from  pre- 
cise atimnomical  obtervaiion:  for  then*  are  numberleta 
observations 3?y  which  it  appears  that  the  sun,  muon,  and 
stars  rise  much  sooner,  and  appear  hislier,  than  they 
should  do  according  to  ustroimmical  calculationt.  Hence 
it  is  argued,  that  as  light  is  propagated  in  right  lines,  no 
rays  could  rc*ach  the  eye  from  a luminary  bi'ltm  the  huri^ 
*on,  unless  they  were  deflected  out  of  their  course,  at 
their  entrance  into  the  atmosphere:  and  therefore  it  ap- 
pears  that  the  rays  arc  refracted  in  passing  through  the 
atmosphere. 

Hence  the  stars  appear  higher  by  refraction  than  they 
really  are;  so  that  to  britig  the  observed  or  uppanmt  al- 
titudes to  the  true  ones,  the  i^uuntity  of  refraction  must 
be  subtracted.  Amt  henct;,  some  of  the  nncients,  as  they 
were' nol  acquainted  with  this  refraction,  reckoned  their 
altitudes  too  great,  so  that  it  is  no  wonder  they  some- 
times committed  rtmsidcrablc  errors.  Hence  also,  reftne- 
tion  lengthens  the  day,  nml  shortens  the  night,  by  making 
the  sun  appear  above  the  horizon  a little  before  his  rising, 
and  a little  after  his  sctling.  Refraction  also  makes  the 
m«)Oi>  and  stars  8p|>car  to  yi>e  sourrer  and  set  later  than 
they  really  do.  The  apparent  diameter  of  the  sun  or 
moon  is  about  32';  the  horizontal  refraction  it  about  33^; 
whence  the  tun  and  moon  appear  wholly  above  the  hori- 
i«in  when  they  are  entirely  below  it.  Also,  from  observa- 
tions it  appears  that  the  n*fractions  arc  greater  nearer  the 
pole  than  at  lesM^r  latitudes,  which  causes  the  sun  to  ap- 
p<-ar  some  days  above  the  horizon,  when  he  is  really  be- 
low it;  dnubtU'ts  from  the  greater  density  of  the  atmo- 
sphere, and^the  greater  obliquity  of  the  incidence. 

Stars  in  the  zenith  are  not  subject  to  any  refraction  ; 
and  those  in  the  horizon  have  the  greatest  of  all ; the  re- 
fraction continually  decreasing  from  thence  to  the  zenith. 
Ail  which  follows  from  hence,  (hat  in  the  first  case,  the 
rays  gre  perpendicular  to  the  ini'dium;  in  the  second, 
their  obliquity  is  the  greatest,  and  they  |)0S8  tbroug|i  (he 
liirgiat  spare  of  (be  lower  and  denser  part  of  the  air,  and 
through  the  thickest  vapours;  and  in  the  third,  the  obli-. 
quity  is  cuniinually  decreasing. 

The  air  is  condi  nsed,  and  consespicntly  refraction  is 
increasetl,  by  cob!  ; for  which  reason  it  is  greater  in  cold 
Countries  than  in  hot  ones.  It  is  aiv)  greater  in  cold  wea- 
ther than  in  hot,  in  the  same  countr)*;  and  the  morning 
retraction  i*  greater  than  that  of  the  evening,  because  the 
air  is  rarefied  by  ike  lu*at  of  the  sun  in  the  day,  and  con- 
densv'i  by  the  coldness  of  the  night.  Refraction  is  abo 
subji-CT  to  some  small  variation  at  the  same  time  of  the 
day  in  the  finest  weather. 

At  the  same  altitudes,  the  sun,  moon,  and  stars  all  un- 
dergo the  same  refraction  : for  at  equal  altitudes  the  in- 
cident mys  have  the  same  inclinations;  and  the  sines  of 
the  refracted  angles  arc  as  the  sines  of  the  angles  of  in- 
clinntion,  &c. 

Ptolcrayi  Alhaz'm,  and  Vitcllo,  were  all  acquainted 
wiih  this  refraction,  having  given  many  observations  on 
it,  tboagh  imperfect  on  the  score  of  accuracy.  But  Ty- 
cho Brahe,  who  deducetl  the  refractions  of  the  sun,  moon, 
and  sMr<«  from  good  observations,  and  whose  fable  of  the 
refractions  of  the  stars  is  not  much  di^rent  from  those  of 


Flamsteed  and  yewlon,  except  near  the  horizon,  makes 
the  solar  refractions  about  4'  greater  than  those  of  Uie 
fixed  stars,  and  the  lunar  refractions  also  sometimes 
greater  than  those  of  the  stars,  and  sometimes  less.  But 
the  theory  of  rrfractiuos  discovered  by  Snell,  was  not 
fully  understood  in  his  time. 

'The  horizontal  refraction,  being  the  greatest,  is  lha 
cau»c  that  the  sun  and  moon  appear  of  un  oval  form  at 
their  rising  and  setting;  fur  the  lower  edge  of  each  bi'ing 
more  refracted  than  the  upper  edge,  the  perpendicular 
diameter  is  shortened,  and  the  under  edge  appears  more 
natti*d  also.  — Hence  also,  If  we  take  with  an  instrument 
the  distance  of  two  stars  when  they  are  irs  the  tame  ver- 
tical and  itear  (he  horizon,  wc  shall  find  it  considerably 
than  if  we  measure  it  when  they  are  both  at  such  a 
height  as  to  suffer  little  or  no  itTraction ; because  the 
lower  star  is  more  elevated  than  the  higher.  There  is 
also  anoihcr  alteration  made  by.  refraction  in  the  appa- 
rent distance  of  stars:  when  two  stars  arc  in  the  same 
almacnniar,  or  parallel  of  declination,  their  apparent 
di»tancc  is  less  than  (he  true ; for  since  refraction 
makes  each  of  them  higher  in  the  azimuth  or  vertical 
in  which  they  appear,  it  must  bring  them  into  parts 
of  the  vertical  where  they  come  nearer  to  each  other; 
U'causc  all  veiticai  circles  converge  and  meet  in  the  ze- 
oilh.  This  contraction  of  distance,  according  to  Dr. 
Halley  (Philos.  Trans,  numb.  308)  is  at  the  rate  of  at 
least  one  second  in  a degree;  so  that,  if  the  distance  be- 
tween two  stars  in  a p'nilion  parallel  to  the  horizon  mea- 
sure it  is  at  most  to  be  reckoned  only  2p*  5SK  30". 

The  quantity  of  the  refraction  at  every  altitude,  from 
the  horizon,  where  it  is  greatest,  to  the  zenith  where  it  is 
nothing,  has  been  determined  by  observation,  by  many 
astronomers;  those  of  Dr.  Bradley  and  Mr.  Mayer  are 
nearly  alike,  and  have  been  used  by  roost  astronomers. 
Doctor  Bradley,  from  his  observations,  deduced  this  very 
sfmple  and  general  rule  for  the  refraction  r at  any  alti- 
tude a Whatever  ; viz,  as  rad.  1 : cotang,  a Sr  : : 57'* : 
r"  the  refraction  in  seconds  ; that  is,  refr.  r tm  57'^  x cot. 
(fl-i-3r),  or,  which  it  the  same,  refr.  .r  a 57''  « tan. 
(z  — Sr),  where!  is  the  zenith  distance. 

This  rule,  of  Dr.  Bradley’s,  is  adapted  to  these  states 
of  the  barometer  and  thermometer,  viz, 

either  29*f>  >nc.  barom.  and  50^  Iherroometer, 
or  30  » barom.  and  55  thermometer, 

for  both  which  states  it  answers  c<(Ualiy  the  tamo.  But 
for  any  other  states  of  the  barometer  and  thermometer, 
the  refraction  above-found  is  to  be  corrected  in  this  man- 
ner, vit,  by  either  of  the  two  following  rules,  the  first  of 
them  given  by  Dr.  Maskelyne,  and  the  Sd  by  Dr. 
Brinkley/ 

Refrac.  i x tan.  (5  — 3*2r)  x 56"  9 x . 

Where  5 ss  altitude  of  barometer  in  inches, 

t B heiiiht  of  Fahrenheit's  thermometer  in  deg. 
r -s  57"  tan.  z the  appar.  zenith  dist. 

From  Dr.  Bradley’s  rule,  r a*  57"  x col.  (<**♦•  3r)  was 
cornputvd  the  table  of  mean  astronomical  rt'fractionf, 
given  in  pa.1  of  Dr.  Maskclyne’s  requisite  tables. 

M.  Laplace  gave  also  a rule  for  the  refractions,  in  vol. 
4 of  bis  Mecaniquo  Celeste.  He  first  assumed  it  of  the 
same  form  as  Dr.  Bradley’s,  Yi>*  r s:  m x cut.  (o-Mir) 
= m X tan.  (s— nr),  vfitk  general  coefficients  m and  n,  to 
be  determined  by  comparing  this  general  formula  with 
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two  observations ; where  a denotes  the  true  ahilude,  br 
2 the  true  scitiih  (iiitance,  and  r the  ndniclioii.  B<'sides 
dHermiiiiuft  lliose  co-i'fficients,  m,  «,  more  accurately, 
tliHii  m Dr.  JSntdley  s role,  he  also  reduced  thp  result  to 
a more  coiiveiiuiit  form  for  use,  which  is  e.spres&cd  by 
this  f(i-iieral  r«juation,  *9^765175  ai»  a = sin  (2  — 8r). 
But  by  comput.itioa  I find  that  the  first  iiuincnl 
cieiU  ought  mi»re  correctly  to  be  *997  bS**  wnil  then  the 
rule  Will  lie-  9971*h4^  siu  2 s sin  (t  — 8r).  'rimt  is,  to  use 
it,  multiply  the  sine  • f the  irt^c  ze\mli  distance  by  ‘997^84, 
or  add  iht'ir  Uigarithim,  the  result  will  be  the  sine  of  the 
other  arc  (2*- 8r);  tberefore  subtract  this  iast  arc  from 
z,  the  remaiiidt  r will  be  8r,  which  therefore  divided  by  8, 
gives  r ibe  fraction  s<iugliL  By  this  rule  then  the  num- 
bers in  the  f dUming  table  have  been  calculated,  though 
the  apparent  aliiiudes  are  set  down  in  the  table,  in  order 
lo  adapt  it  to  Ujc  pur^uses  ol  ub>ervatioo. 


Table  of  Uf fractions— Barop«.  299^.  Tkrrm,  M9. 
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Mr.  Ma)er  says  his  rule  was  deduced  from  4heor)',  and 
when  rc<lucetl  from  French  measure  and  Ucaumur's  lhcr» 
momeler,  to  F^iglish  measure  and  Fahicnbeit's  ilteiniumc- 
ter,  it  is  this, 

?4  sA  X cm.  a >attne.U  , , . . , 

E =:  — — the  refraction  in  seconds,  cor- 

(1  * (KTthtf  ^ * 

reeled  for  b*»th  barometer  and  ihernmnicltr ; where  the 
letters  denote  the  tame  things  as  l>cfore,  except  a,  which 
denotes  the  angle  whose  tangent 

Mr.  Simpson  too  (Dis-*erl.  pa.  4fi  ^cc)  ingeniously  de- 
termined by  theory  the  astronomical  refiactions,  from 
wliich  he  formed  lUis  niie,  via.  As  1 to  '99^1b’  or  as- radius 
to  sine  of  Sfi®  58*  30^,  (or  rather  4*',)  >«  ii  the  sine  of  any 
given  zenith  distunce,  to  the  sine  of  an  arc  ; then  of 
the  difference  between  this  arc  and  the  atmitb  distance,  is 
the  refraction  sought  for  that  xcniih  distance.  And  by 
this  rule  Mr.  Simpson  computed  a itiMc  nf  the  mean  re- 
fractions, which  are  not  much  different  from  th<we  of  Dr. 
Bradley  and  Mr.  Mayer,  being  unifurniiy  u Aw  seconds* 
less  in  every  case. 

n<‘sidi*s  the  above,  the  public  have  been  f.ivmired  with  ■ 
other  rules,  deduced  from  numerous  observations,  made  by 
Stc.  Croombridge,  esq.  of  Biackheath,  a geniienitin  of  for- 
tune, who  very  laudably  amuses  himself,  and  b^m'lits 
science,  by  cultivating  the  practice  of  lalronomy.  The 
results  of  extensive  senes  of  observations  on  abironomical 
refractions,  he  hav  given  in  two  volumes  of  the  Philos. 
Trans,  both  in  gem  ral  rules  and  large  tables  of  results, 
differing  but  very  little  from  those  above  insefle<i,  and  that 
chiefly  in  the  refractions  very  near  the  horizon.  In  the 
former  volume,  tii  that  for  the  year  1810,  Mr.Groom-  , 
bridge's  rule  for  the  mean  refraction  is  SH"'!  192  x tang, 

(s  — S'3625f),  where  s is  the  zenith  distance,  and  r an 
uBsumed  near  value  of  the  rt  fraclUm.  But  after  numerous 
other  observations,  rsivrcially  «m  stars  at  very  low  alti- 
tudes, in  the  vol.  for  181 1,  Mr.  G.  by  further  corrections, 
reduces  the  rule  to  this  form,  viz,  the  mean  refraction 
= 58132967  X tanj.  (2  — 3*6342956);  from  which  ho 
has  calculalrd  an  extensive  table  of  lefractions,  for  every 
10*  of  aluiude;  accumpanied  with  other  tables,  showing 
the  currretiona  on  a«CL*uril  of  the  difference  of  the  baro- 
meter and  thermometer  from  iheir  mi^n  slates.  • 

It  is  evident  that  all  observed  nltitniies  of  the  heavenly 
bodies  ought  Jo  be  diminished  1>y  the  numlH*nv  taken  out 
of  the  foregoing  tables.  It  is  also  evident  that  the  refrac- 
tion diminishes  the  right  and  oblique  iuccn^io;is  of  a star, 
and  increases  the  descensions : it  increases  the  iK>rthern 
declination  and  latitude,  but  dccreast's  the  southern  :•  in 
1I18  eastern  piirt  of  the  heavens  it  diininUhi's  (he  longituda 
of  a star,  but  in  the  western  part  it  incn  ascs  the  same. 

UtFRACTlojr  qf  A/iiiUfUt  is 
an  arc  of  a vertical  circle,  as 
A a,  by  which  the  altitude  of 
a star  ac  is  increased  by  the 
refraction. 

Hefractiow  qf  Atcension 
and  Detcfiuion,  is  an*arc  dr 
of  the  equator,  by  which  the 
ascension  and  descensiun  of  a, 
star,  whether  right  or  oblique, 
h increased  or  diminished  by 
the  refraction. 

Refractioit  of  Dcclinaiion,  is  an  arc*Bf  of  a circlcof  , 
declination,  by  which  the  declination  of  a star  da  or  Ef  Is 
increased  or  diminished  by  refraction. 
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REmACTiOH  of  Ijititlfde  it  an  arc  ao  of  a circle  of  la> 
titude,  by  which  ti>c  latitude  uf  a star  ati  is  increased  or 
diminished  by  the  refraction. 

RcfRACTioa  <f  Lont:iiudf,U  an  arc  iii  of  the  ecliptic, 
by  which  the  longitude  uf  a star  it  inct^ed  or  diminisbed 
by  means  of  the  relraciion. 

Terrturiat  RerRACTiOK,  is  that  by  which  terrestrial 
objects  appear  to  be  raised  hij^hcr  than  they  really  are,  in 
observiiij(  their  alutades.  'I'hc  quantity  uf  thi^  refraction 
is  esiimuU'd  by  Dr.  Maskelync  at  unc- tenth  uf  the  distance 
of  Ibc  object  observed,  expressed  m ilegiws  of  a great 
circle.  So,  if  the  distance  be  lOOOO  fathoms,  ju  lOih  pari 
1000  fathoms,  is  the  (lOlh  part  of  a degree  of  a great  circle 
on  the  earth,  or  T,  which  therefore  U the  refraction  iti  the 
ullitade  of  the  object  at  that  distance^  (Requisite  Tables, 
1766,  pa.  134). 

But  M.  Legendre  is  induced,  he  *ays,  by  several  expo 
riments,  to  allow  only  .^th  part  of  the  distance  for  the  re* 
/taction  in  altittide.  ihiil,  on  the  distance  of  iOOOO 
Talbom«,  the  I4th  part  of  which  it  714  fathoms,  he  allows 
only  44"  of  trriXTStnal  refraction,  so  oiany  being  contained 
in  the  714  fathoms.  See  his  Memoir  concerning  the  Tri- 
gonometrical nperalioiis,  &:c. 

Again,  M.  4)rhimbnv  un  inornious  French  astronomer, 
makes  the  quantity  of  the  terrestrial  refraction  to  be  the 
1 llh  part  of  the  hrch  of. distance.  Rut  the  F.nglish  mea- 
suixrs^Cul.  E<lw.  Willianu,  Capl,  Mudge,^ahd  .Mr.  Dalby, 
from  u multitude  of  exact  observations  made  by  them,  de- 
termine the  quiiiility  of  the  medium  refraction  to^e  the 
12th  part  or  the  said  distance.  The  quantity  of  this  re- 
fraction, however,  is  found  to  vary  considerably,  with  the 
•different  stall's  of  the  weariier  and  atmospheri',  from  the 
15(h  part  of  the  distance,  to  the  ^ih  part  of  die  same;  the 
medium  uf  which  is  the  12th  part,  us  above  mentioned. 

• Some  whimsical  i tfi’cis  of  this  refraction  areulao  related, 
arising  from  peculiar  situations  and  circumstances.  Thus, 
it  is  said,  that  any  person  standing  by  the  side  of  the  river 
Thames  at  Gn*enwich,  when  It  is  high-water  there,  can  see 
the  cattle  grazing  on  the  Isle  of  Dbgs,  which  is  the  m.'irshy 
meadow  on  the  other  side  of  the  river  at  that  place;  but 
when  it  is  low  water,  he  caunot  see  any  thing  of  them,  ar 
the*y  are  hid  from  bis  view  by  the  land  wall*ur  bank  on  the 
othoT  side,  which  is  raisdl  higher  than  the  marsh,  to  keep 
out  the  waters  of  the  river.  This  curious  eflcct  is  proba- 
bly owing  to  the  moist  and  dense  vapours,  just  above  and 
rising  from  the  surface  of  the  water,  being  raised  higher  or 
lifted  up  with  the  surface  of  the  water  at  the  lime  of  high 
tide,  through  which  the  rays  pass,  and  are  the  more  ro> 
fradted.  ^ 

In  like  manner,  Calais  sometimes  is  seen  from  the  sea 
side  at  Dover. 

And  other  more  extraordinary  eircumsionces  have  been 
oommuniculed  in  -the  following  letter  from  an  ingenious 
friend,  Mr.  John  Andrews. 

An  ai-cwnf  cf  tomt  remarknbfe  app<ftranctM  ermngfrom 
Tfrrtstriai  ft«yroc/iVm. 

In  the  year  179-i  Tramc,  near  Modbury,  in  Devon, 
for  ibr  purpose  of  obtaining  an  improved  prospect  fmm 
,the  garden,  a railed 'platform  was  erected  among  the 
branches  of  a large  spreading  laurel-tree,  lo  which  was 
given  the  name  of  'I’he  Ijiurel  Mount. — It  was  furnished 
with  chairs,  &c,  and  had  moveable  staff",  made  gonvenient 
for  resting  a tele^opeal  different  elevations,  sons  to  form 
*a  kind  of  obv'rvntory,  for  vM-wing  both  celeiti.il  and  ter- 
Cl  Sirin!  objects.— Some  titne  after  its  erection,  it  was  unex- 


pectedly discovered  that  the  pinnacles  and  flag*5taff,  on 
the  lower  of  Maker  Church,  west  of  Plymouth  Sound, 
(where  signals  are  made  of  the  ships  which  pass  by  that 
harbour,)  might  be  seen  with  a telescope,  just  appearing 
above  the  horizon,  distance  from  hence  about  12  miles. 
This  object,  being  frequently  looked  at,  was  perceived  to 
appear  at  rertain  tiroes  higher  than  usual  ; and  some  uf 
the  parapet  of  the  tower  (below  the  pinnacles)  was  evi- 
dently seen  above  the  horizon,  which  was  not  the  case  in 
general ; and  which,  being  considered  as  a curious  and  n- 
markable  circumstanci',  occasioned  the  object  to  be  more 
frequently  anil  more  attentively  observed.  It  was  found 
that  the  morning  was  (he  time  best  suited  for  these  ap- 
pearances, which  in  certain  instances  were  much  more  re- 
markable ami  striking  than  m others  ; and  that  not  only 
the  tower,  but  the  seenerj'  of  the  country,  at  diHerent  di- 
stances between  it  and  the  place  of  obHTvation,  was  in 
like  manner  affected  by  the  peculiar  state  of  the  atmo- 
sphen*. — 'fhe  figure*  on  the  plaic  (plate  30),  with  the  re- 
fcrenci's  underneath,  will  lielp  tocxpldlu  the  following  de- 
scriptions. 

The  first  instance  of  this  sort  occurred  on  the  9lh  of 
January  1794,  a little  after  sunrise;  the  weather  bright, 
with  bard  frost,  and  thick  hoary  incrustations,— At  this 
time  half  or  mure  of  the  shaft  uf  the  tower  appeared  con- 
spicuously above  Ibr  horizon  ; its  height  and  appearance 
frequently  varying;  sometimes  the  pmtioclcs  Were  scarce 
discernible,  and  the  whole  b<Kly  seemed  to  be  solid  ; when 
presently  the  pinnacles  would  begin  U>  appear  again,  as  if 
growing  suddenly  out  of  the  body  of  the  tower,  and  shoot- 
ing up  to  a greater  length  than  they  are  of  in  reality. 
The  b«rizun  itsdf  wm  also  subject  to'the  like  mutations, 
nnd  the  tree*  in  Mount  b^gcumbe  Park,  (which  is  just 
below  the  lower,)  were  sometimes  more  and  sometimes  K-sa 
Hfvated,  and  sometime*  not  visible  at  all.  The  interve- 
ning scenery  assumed  the  appearance  represented  in  the^d 
figure  on  tlie  plate ; objects  before  concealed  by  the  ho- 
rizon were  elevated  cuiisidt  rably  above  it.  Among  these 
was  a conical  object,  supposi-d  then  to  be  a large  edifice; 
and  which  was,  in  two  journeys  for  that  purpose,  searched 
for  i*  vain ; bu?,  being  afierw'ards  seen  again,  from  ibo 
Mount,  altcrird  in  size  and  shape,  was  found,  on  a tbjrd 
journey,  lo  be  a mow  of  hay,  and  was  the  im  an*  of  ascer- 
taining the  situation  of  the  range  of  ground  at  cc,  whereon 
it  stood,  which  might  no!  have  bi-on  easily  done  ntberwisr. 
It  was  iheretore  an  object  of  some  iroporUnee,  and  is 
shown  in  the  3d  drawing  at  g.  The  rnlarg*  roeni  of  the 
prospect  was  so  verj"singular  and  striking,  as  to  seem 
most  as  if  produced  by  enchantment. 

At  this  time  another  plienomenuii  was  oljscrved,  which 
I could  scarce  beln-vo  lo  be  real,  till  •*«  the  S/th  of  Si'p- 
teniber  following  it.  was  confirmed  by  another  instance. 
This  wa*  a fluctuating  appearance  of  two  horizons,  one 
above  the  other,  with  a complete  vacancy  bi  lwecn  them, 
like  what  is  someiimes  ohserud  ift  looking  through  an  un- 
even pane  of  glass.  On  the  day  last  mentioned,  ahoiit  6 
in  the  morning,  the  horizon  Iwinz  perfi-cily  ch  ar,  the  pin^ 
naclcs  of  the  lower  wtrir  observed  lo  have  a tuller  apjvear- 
ance  than  ordinary  ; and  at  about  half  an  hour  pa-.i  6,  a 
Hag  bi'ing  boi-ted  on  the  staff,  (which  is  considerably 
higher  than  the  piumtcles,)  the  latter  tippiared  to  reach 
hirfher-up  towards  the  flae  than  they  usually  did.  They 
also  coidmually  varied  ilx'ir  ap|>earance,  binng  someiinu'S 
longer  and  sometiri  sh inter,  and  sometinu's  nfuntqual 
lengths ; and  at  other  times  they  could  nut  be  seen  at  ail. 
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fhou;^h  the  still  continurri  nmi  was  secminuly 

unaiicctrd.  In  uii<r  oi'  these  intrrvul»  (of  tlie  pinitades  ifts« 
nppcariiia),  the  horizon  at  c c U-ing  porfvctly  rU  ar,  I bi*- 
gan  to  di'Ccm  over  it  a faint  stratum  of  vjpour,  thV  up* 
iMT  boundary  of  which  (unevenly  terminated)  passed  just 
below  the  Hug.  which  sivined  as  if  In  a kind  of  insulated 
stale.  Soon  afterwards  the  stratum  cxiendrd  itself  highi  r, 
and  the  Hug  also  became  invisible  ; but  in  a little  while 
the  whole  appeared  again,  when  the  parnpett  pinmic|«>Sy 
and  scatf,  seemed  all  to  have  u long  and  tall  anp<  arancV, 
ami  the  flag  also  to  bo  altered  in  form  from  wnnt  it  had 
before  the  extension  of  the  stratum.*  Not  long  after  tim 
1 observed  the  inlbrvcning  horiaon  c c begin  to  be  some* 
what  obscured,  the  wlHd  probably  wafting  the  stratum  <if 
vapour  over  it,  and  this  i^hscurity  increasing  extendiHl  ii> 
self  over  all  the  ground  at  c c,  which,  (as  well  as  the 
tower,  kc)  I then  cflncei\vd  in  have  a higher  elevation 
than  before.  I'hc  vapour  continuing  to  increase,  it  bc> 
came  so.  dense  at  40  minutosraftcr  7,  as  to  bide  all  those 
objects  from  my  sight,  ihoagh  the  bill  b,  and  other  parts  of 
the  horizon,  remained  exccfding  clear. 

Another  very  retnarkahle  instance  was  observed  on  the 
6th  of  January  I7*)o,  at  which  time  the  elevation  of  the 
objects  waj  equal  lo  that  repr(*sented  in  the  ;ld  drawing, 
and  the  phenomenon  of  the  double  horizon  very  distmctly 
observed  both  by  my  brother  and  myself.  I'lie  appear- 
atic«  s were  continually  varyinq  ami  intermitting,  but  not 
rapidly,  so  that  suthei^nr  time  uns  nffordr<i  for  uscertalning 
their  rvaiify  beyond  a doubt.  The  vacant  line  of  separa- 
tion (bavitig  the  app<arunce  of  a whitish  stratum  of  va- 
pour), would  ©fu  n iiicrease  its  breadth,  so  as  to  eirnce  en- 
tirely the  uppermost  of  the  two  horizons ; forming  then  a 
kind  of  dent  or  gap  in  the  remaining  horizon  ; which 
rizon,  at  the  c.xtremitlcs  of  the  vacancy,  seemed  to  be  of 
the  same  heiglit  as  the  upper  horizon  was  bd'orc  its  licing 
dfated.  This  vacancy  {continually  varying  in  length  as 
well  as  brea«{th),  was  several  .times  seen  to  approach  end 
take  in  the  tower,  and  iinmcdiau  ly  to  admit  .an  apjmrenl 
view  of  the  whole  or  the  most  |>art  of  iu  bcwly  (like  that  in 
the  third  drawing),  which  was  not  tht  case  before ; ex- 
actly, to  all  appcarnncc,  as  if  it  had  opened  a gap  for  that 
purpose  in  the  intercepting  ground.  ThH  phenomenon 
excited  great  suqirisr,  an<l  seeme<!  lo  be  inexplicable. 

A great  many  other  observations  were  made  in  the  year 
179-1  «fi<l  1793,  and  minutes  iherrof  taken,  but  the  above 
wore  the  most  remarkable.  The  certainty  of  the  pheno- 
mena being  fully  conAnnerJ,  less  attention  was  thought 
nct^^ary,  and  no  further  memorandums  have  been  made. 
After  some  years  the  observatory  getting  into  decay,  and 
t^coroing  dangerous,  il  was  taken  down,  and  hatj)  not  been 
since  renewed. 

In  the  course  of  these  observations  it  was  remarked  that 
ft  hoar  frost,  or  that  kind  of  dewy  vapour  which  in  11  suf- 
heiem  degri-o  of  cold  occasionsa  hoar  frost,  accirmpanied 
by  an  air  rather  calm  than  otherwise,  seenred  requisite 
for  the  elevation  of  the  objects ; and  that  a dry  frost,  how- 
ever intense,  especially  if  attended  with  wind,  had  no  ten-- 
dciKv  to  produce  it.  ' Ihdced,  in  several  instances  of  that 
sort,  I have  observed  the  objects  very  sensibly  dcprr?i$ed 
below  their  usual  pitch.  ] know  at  present  no  other  in- 
stance of  the  double  horizon  baring  been  observed,  except 
by  Mr.  Isaac  Dalby  ; who  (as  appears  by  Bhil.Trani.  fur 
1793,  pa.  387)  noticed  an  appearance  of  that  sort  about 
nine  months  bcToro  1 did.  . 

The  telescope  made  use  of  was  a 3-fbot  refractor  of  Dol* 
VoL.  II. 


lomls,  of  the  sort  with  long  polygonal  lubes  of  wood. 
W hat  served  me  for  a inicf«me:er  (hnd  from  w hich  ihe 
scale  Oh  the  pTate^was  d«*duced)  was  ii  notclii*d  bar,  made 
of  a piece  of  dm'  scr**w,  (iUd  flat,  and  laid  across  the  focus 
of  the  eye-glass.— Its  value  was  asceitained  by  computing 
the  distarwe  of  thestans  y atid  dCororuF,  which  was  fearnd 
to  be  the  extent  of  the  telescope ’>  field  of  view.  1‘be  quan- 
tities of  efevBlion  are  to  be  undemtoud  as  judged  of  by 
comparing  the  objects  among  each. other;  lor  haring  no 
graduated  mslrunieiit  or  level  lo  which  thetck**icop«  could 
be  aUariied,  add  the  obji*cts  not  being  sufficiently  distin- 
guishable without  ir,  I had  ho  means  whereby  tb  deter- 
mine their  absolute  elevation  in  respect  of  the  bonzon. 

As  far  as  the  mere  eleraiion  «W objects  is  conn  riKd,  the 
phenomena  seem  not  difficult  to  be  accounted  for;  but 
the  double  horizon,  and  nperialty  the  peculiar  circum- 
stances obsented  on  the  6lh  of  Januaiy  1795,  appear  not 
easy  to  be  explained.  ^ They  fuMssh  two  materiHl  qurs- 
titms ; first,  whether  tm  separation  is  effected  by  the  re- 
fracting matter  elevating  the  upper,  or  depressi  ng  the  lower 
visible  horizon  f and,  secondly,  why  the  •pparent  vacan- 
cy, or  gap,  described  as  above,  did  not  cause  the  lower  to 
disa)>pmr,  as  wHI  as  the  horizon  which  intercepted  it? 
My  own  idea  ak  present  is,  that  the  appcaraitCe  of  thf 
lower  horizon  is  effected  eitter  by  depression,  or  cIh-  by 
the  mass  of  refracting  matter,  which  causes  the  elevation, 
detaching  itself  from  the  ground,  sods  to  admit  of  the  na- 
tural (unrefracted)  horizon  being  seen  below  it,  at  the 
same  time  that  an  rievaied  one  is  visible  through  its  body. 

1 aKo  conceived  it  possible  that  fbe  lengthened  appearance 
of  the  lower  (then  observed)  mrght  have  ari^  from  tfia 
connexion  of  two  images  thereof,  viz,  the  uppr  r and  the 
lower;  having  noticed  something  similar  in  the  instance ' 
of  a tree,  partly  intercepted  by  the  ridge  of  a building, 
and  viewed  through  an  insular  spot  (which  i»eemsto  me 
to  be  a bubble)  in  the  glass  of  a windod' : and  probably 
an  attentive  obaervation  of  objects  seen  through  'such  ir- 
regularities in  glass,  may  help  to  illustrate  all  its  different 
phenomena.  The  tower  being  a body  of  an  uniform 
breadth,  a deception  of  the  sort  oHuded  to  is  not  perci’iv- 
able;  but  perhaps  would  bare  ^911  manifest  had  theol»- 
ject  been  of  the  pyramidical  form,  as  many  steeples  are. 
And,  (be  distaticc  of  the  tower,  bt'yond  the  intercepting 
ground  at  c,  is  only  about  S miles,  it  seems  rather  extra- 
ordinary that  the  diflerence  of  their  absolute  devations 
should  be  sufficient  to  bring  so  much  of  the  tower  into 
view.  At  the  times  of  these  extraordinary  refractions,  it 
was  a sharp  white  frost,  wHh  a calm  hazy  atmosphere. 
Modbury,  3d  Jan.  Ibl3.  Join#  Andhzws. 

Sec  the  representations  in  plate  30,  of  the  appearances, 
in  three  different  states  of  the  atmosphere,  with  the  e«- 
planations  of  them. 

The  following  curious  instance  of  refraction  was  given 
in  iSe  3d  vul.  of  the  Trans,  of  the  American  Philos.  Trau«. 
by  Mr.  Andrew  Ellicott,  at  Pittsburg,  Nov,  5,  17S7,  from 
observations  at  I^ke  Erie.— On  the  n;ening  trf  Sept. 
there  was  a fine  aurora  borealis.  The  next  Bay  was  cloudy, 
but  without  rain.  About  noon,  the  low  pentnauin,  called 
Presqoc-islc,  which,  at  in  then  distance  ofdfj  miles,  is 
commonly  invnsibir,  was  descried  from  tite  borders  of  the 
lake,  considerably  elevated  above  the  horizon;  and,  viewed 
through  a telescope,  the  branches  of  the  trees  could  be 
plainW  discovered.  It  rs  very  singular  that  the  peninsula 
was  frequently  seen  double ; the  images,  one  above  the 
other,  separating  and  coinciding  rep«'atvdly,  like  those  oli- 
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strv«tl  in  stifling  llie  Index  of  a Godfrey's  qiudraiit.  In 
(hv  evening  it  began  ta  blow  a fresh  bretze  ; which,  in  the 
foUuaing  dayst  incna»<-d  into  a in^nt  viuffnt  hurricane. 
These  distinct  facts  atturd  some  data  for  the  investigation 
of  the  curious  plu-nomenun  which  sailors  term  Looming. 
We^inay  otfer  the  following  attrnipt  at  an  explication.  It 
is  easy  to  perceive  that,  owing  to  tliu  succassive  increase 
of  rarity  at  diflcrciil  heights  in  the  atmosphere^  the  rays 
of  light,  transmitted  from  a distance,  arc  invariably  bi-nt 
towards  the  surface  of  the  earth,  and  therefore  bestow  on 
objects  an  apparent  elevation.  If  this  progri'ssion  of  rarity 
be,  fronssome  accidental  cause,  augmented,  the  refraction, 
and  its  consequent  effect,  must  then  become  proportionally 
greater ; and  this  actually  takes  place  in  the  case  under 
consideration.  The  lucul  complexion  of  the  sky,  and  the 
storm  which  commonly  ensues,  conspire  to  indicate  that, 
at  no  great  height,  the  air  is  replete  with  humidity.  The 
double  appearance  ab^c  di,’8cribcd  may  be  owing  to  two 
iluctuativc  strata  of  air,  diflerently  charged  with  moisture, 
and  occasioned  probably  by  opposite  currents. 

The  following  is  the  substance  of  a letter,  on  a similar 
subject,  from  W.  Latham,  esq.  inM>ried  in  the  Philos. 
Traus.  of  179d- — On  the  20th  of  July,  1797,  about  5 
o’clock  afternoon,  while  silling  in  bis  roqm  at  Hustings,  on 
tbc  parade,  close  to  the  sea  shore,  nearly  fronting  the  south, 
Mr.  Latham's  attention  was  excited  by  a numUT  of  people 
running  down  to  the  sea  side.  On  inquiring  the  reason, 
he  was  informed  that  the  coast  of  France  was  plainly  to 
be  distinguished  by  the  naked  eye.  He  immediately  went 
down  to  the  shore,  and  was  surprised  to  find  tbat,  even 
without  the  assistance  of  a telescope,  he  could  plainly  sec 
ibe  cliffs  on  the  oppmsite  coast ; which,  at  the  very  nearest 
part,  are  between  40  and  60  miles  distant,  and  are  not  to 
be  discerned  from  tbat  low  situation  by  the  aid  of  the  best 
glasses.  They  appeared  to  be  only  a few  miles  off,  and 
seemed  to  extend  fur  some  leagues  along  the  coast.  Mr.  L. 
pursued  his  walk  along  the  shore,  cloae  (9  the  water’s 
edge,  conversing  with  the  sailors  and  fishermen  on  the 
subject.  At  first  these  could  not  be  persuaded  of  the 
reality  of  the  appearance  ; but  soon  became  so  fully  con* 
Tinccd,  by  the  clifis  gradually  appearing  more  elevated, 
and  approucbing  nearer,  as  it  were,  that  they  pointed  out, 
and  named  to  him,  the  difierent  places  they  had  been  ac- 
customed to  visit ; such  as  the  Hay,  the  Old  Head  or  Man, 
the  windmill  &cc,  at  Boulogne,  St.  Vallery,  and  other  places 
on  tbc  coast  of  Picardy ; which  they  afterwards  confirmed, 
wrhen  they  viewed  them  through  their  ulescopes.  Their 
remark^  were,  that  the  places  appeared  as  near  as  if  they 
were  sailing  at  a small  distance  into  the  harbour. 

Haviagiiidulgedhiscuhosity  on  the  shore  for  near  an  hour, 
during  which  time  the  cliffs  appeared  to  be  at  some  times  more 
bright  and  near,  at  others  more  faint  and  distant,  but  never 
out  of  sight,  Mr.  L.  went  upon  the  eastern  clifforbill,  which 
is  of  a considerable  height,  when  a most  beautiful  scene 
presented itselfto  view;  forhccould  at  uncesee  Dengeness, 
Dover  cliffs,  and  the  French  coast,  all  along  from  Calais, 
Boulogne,  dec,  to  St.  Vallery* ; and  as  some  of  tbc  fishermen 
affirmed,  as  far  to  the  westward  even  as  Dieppe.  By  the  tele- 
scope, the  French  fishing-boats  were  plainly  to  besetm  at  an- 
chor; and  the  different  colours  of  the  land  upon  the  heights, 
together  with  the  buildings,  were  perficily  discenubic. 
This  curious  phenomenon  continued  in  the  highest  spicn- 
fkiur  till  past  8 o'clock  (though  a black  cloud  totally  ob»> 
ccitred  the  face  of  the  sun  for  some  time)  when  it  gradually 
traoiibed.  , 


The  day  was  extremely  hot,  «t  b afternoon,  and 
the  three  preceding  days  remarkably  fine  and  clear.  Not 
a breath  of  wind  was  stirring  ili^  whole  of  the  day  ; but  the 
small  pennons*  at  iho  roosl'heads  of  the  fishing-boats  in  the 
harbour  wire  in  the  murniog  at  all  points  of  the  compass. 
•^Mr.  L.  was,  a few  days  afterwards,  at  Wincbelsca,  and 
at  several  places  along  the  coast,  where  he  was  infurinod 
that  the  above  phenomenon  had  been  equally  visible.— 
*1  be  cape  of  land  called  Dengeness,  which  extimls  nearly 
2 5)iiles  into  the  sea,  and  is  about  l6  miles  disiani  from 
Hastings,  in  a straight  line,  appeared  as  if  quite  clusi*  to 
it,  as  did  the  fishing-boats,  and  other  vessels  which  were 
sailing  betweeu  the  two  places.  • 

Similar  and  still  morqextraprdiaary  instances  of  atmo- 
spherical refraction  have  been  since  described  in  ditferem 
‘volumes  of  the  Philos.  Trans,  for  the  years  1796,  1797, 
1799,  180()  dec,  by  Mr.  Dalby,  Cap*  Huddart,  Sir  Henry' 
Englcfield,  Mr.  Latham,  Mr.  Vince,  and  Dr.  >Vollaston. 
Mr.  Huddart  first  noticed  a distinct  image,  inverted  be- 
neath the  object  itself;  and  di*scribed  several  such  ap- 
pearances, accompanied  w ith  an  optical  explanation,  ic- 
inarking  that  the  lowest  slrala  of  the  air  were  at  the  lime 
endued  with  a weaker  reimciivc  power,  than  others  at  a 
small  ilvvaiion.  Mr.  Vince  has  given  an  instance  where 
erct^t,  as  well  as  inverted  images,  were  visible  above,  in- 
stead of  beiH'ath,  the  objects  themselves;  ami,  by  tracing 
the  progress  of  the  rays  of  light,  in  a manner  similar  to 
Mr.  Huddart’s,  concludes  that  ilipc  phenomena  arose 
from  unusual  variations  of  increasing  density  in  the  lower 
strata  of  the  atmosphere.  In  the  vol.  for  1796,  Mr.  Dalby 
mentions  having  S4-en  the  top  of  a hill  appt'ar  dciacbcd; 
for  the  sky  was  seen  under  it.  In  this  case,  as  well  as  in 
t^e  preceding,  says  Dr.  W.,  it  is  probable  tbat  inversion 
took  place,  and  that  the  lower  half  of  the  portion  detached 
wu  an  inverted  image  of  the  upper,  as  the  sky  could  only 
be  seen  beneath  it  by  an  inverted  course  of  the  rays.  . 

Since  the  causes  of  such  peculiarities  of  terrestrial  re- 
fraction hud  not  received  so  full  an  explanation  as  might 
be  wished,  Dr.  Wollaston  has  endeavoured,  1st,  -l  u in- 
vestigate theoretically  the  successive  variations  of  in- 
creasing or  decreasing  density  to  which  fluids  in  general 
arc  liable,  and  the  laws  of  the  refractions  occasimu*d  by 
them.  2dly.  To  illustrate  and  confirm  the  truth  of  this 
theory  by  experiments  with  fftiids  of  known  density.  And 
lastly,  to  ascertain,  by  trial  on  the  air  itself,  the  causes  and 
extent  of  those  variulinos  of  its  refractive  deusity,  on  which 
the  inversions  of  objects,  ficc,  appear  to  depend.  See 
vol.  90,  or  my  Abridgement,  vul.  18,  p.  667>  # 

In  a late  letter  from  Mr.  Dalby  he  says,  he  repeatedly 
observed,  when  measuring  the  base  on  King's  Sedgemoor, 
those  extraordinary  refractions.  The  moor  is  several  miles 
in  length,  and  as  level  as  the  sea.  When  the  sun  shone  out 
after  a shower  of  rain,  be  placed  a telescope  on  the  lop  of 
the  front  wheel  of  a carriage,  and  then  the  cattle  grazing 
on  the  Dioor,  at  the  dbtance  of  4 or  3 miles,  appeared 
through  the  telescope  in  their  proper  shapes  and  position, 
without  gny  inversion  ; but  when  the  li-lcscope  was  laid 
on  the  box  near  the  axle,  at  about  2 feet  below  the  top  of 
the  wheel,  or  2 £aet  from  the  ground,  he  saw  the  invcited 
images  of  the  cattle  complete.  Suppose,  says  he,  a luok- 
iog-glass  laid  on  a tabic  before  you;  then  if  you  conceive 
fliev,  or  mice,  or  any  small  animals,  to  be  walking  on  tho 
glass,  you  will  have  a perfect  idea  of  the  appeurunce. 
(Sec  an  idea  of  it  represented,  plate  xxxi,  fig  1).  It  was 
curious  to  see  cows  and  horses  with  their  backs  dowowards. 
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walking  foot  tq  ftK)!  against  others  al^vc.  The  lower  or 
reflected  imagei  were  as  bright  and  well, defined,  M the 
ap|K*r  fjf  real  objects-  In  moving  the  leirscopc  from  the 
lop  of  ihe  wheel,  down  towards  the  axle,  the  first  change 
oboerfed,  was  the  lengthening  of  the  animals’  legs;  after- 
wards, before  the  complete*  inversion  look  place,  the  ap- 
pearances were  so  singularly  fantastical,  .that  it  is  impos- 
fible  to  describe  th^m. 

The  inversion,  above  mentioned,  is  tvidcnlly  the  effect 
of  reflection  from  a stratum  of  dense  vapour  ; for  1 never 
could  perceive  any  thing  of  the  kind  hot  when  the  sun 
shone  out  immediately  after  a shower  of  rain,  and  the 
evaporation  was  copious.  Such  refractions  and  reflections 
will  account  for  thosestrange  appearances  noticed  by  some 
travellers  while  they  were  crAsing  the  extensive  flau  in 
Arabia  and  Egypt. 

A similar  phenomenon  Mr.  Dalby  observed  while  he 
1»a$  crossing,  in  a small  boat,  from  Mutton  Cove,  Plymouth 
Dock,  to  the  Passage-house  below  Mount  Egdecumbe.  He 
says,  “ When  my  eye  was  brought  down  to  the  edge  of  the 
boat,  about  a foot  from  the  surface  of  the  water,  the  sum- 
mit of  the  distant  rock  called  the  Mewer-stonc.  in  Ply- 
mouth harbour,  appeared  totally  detached,  or  lifted  up, 
from  the  lower  part.  Tliis  proves  that  the  vapour  rising 
from  ibe  sen  must  have  had  a great  refractive  power  nrar 
the  surface ; lor  no  apparent  separation  took  place  when 
the  eye  was  ‘i  or  3 fert  from  the  water.” 

HKFHANGIBILITI*  of  the  disposition  of  the 

rays  to  be  refracted.  And  a greater  or  less  rrfrangibility, 
is  a disposition  to  be  more  or  less  refracted.' in  passing  at 
equal  angles  of  incidence  into  the  same  medium.— Tlial 
the  rays  of  light  arc  differently  refrangible,  is  the  founda- 
tion  ol  Newton's  whole  theory  of  light  and  colou  rs;  and 
the  truth  and  circumstances  of  the  principle  bu  evinced 
froi^  such  experiments  as  the  following. 


Let  EO  represent  the  window-shutter  of  a dark  room, 
and  r a bole  in  it,  through  which  (he  light  passes,  from 
the  luminous  object  s,  to  the  glass  prism  abc  within  the 
room,  which  refracts  it  towards  the  opposite  side,  or  a 
sem-n,  at  ft,  where  it  appears  of  an  oblong  form;  its 
length  being  about  5 times  the  breadth,  and  exhibiting 
the  various-coloui-s  of  the  rainbow  ; whereas  without  the 
^nterpoaition  of  the  prism,  the  ray  of  light  would  have 
proceeded  on  in  its  first  direction  to  d.  Hence  then  it 
follows,  1.  'Ihat  the  rays  of  light  are  refningible.  This 
appears  by  the  ray  being  refracied  from  its  original  direc- 
tion siiD,  into  another,  nr  or  tiT,  by  passing  through  a 
diflerent  medium. — 2.  That  the  ray  sfh  is  a compound 
• one,  which,  by  means  of  rhe  prism,  is  decompounded  or 
separated  into  its  parts,  up,  trr,  dec,  which  it  hence  ap- 
(Kars  arc  all  endued  with  ditlerant  degrees  of  n-fiaugi- 
bility,  as  (hey  are  transmitted  to  all  the  intermediate 
points  from  t to  p,  and  there  painting  all  the  different 
colours.— From  this,  and  a great  vanity  of  other  experi- 


ments, Krw ton  proved,  that  the  blur  rays  are  mori*  re* 
fracti'd  than  the  red  ones,  and  that  there  is  likewise  un- 
equal refraction  in  the  inrrrmt*diate  rays  ; and  upon  the 
whole  it  appears  that  the  sun’s  rays  have  not  all  the  same 
refrangibihty,  and  consequently  are  not  of  the  same  na- 
turr.  It  is  also  observed  that  rhost*  rays  which  afe  most 
refrangible,  arc  also  roost  rcflexible.  See  Reflex i- 
bilitt;  also  Newton’s  Optics,  pa.  ?2  dec,  3d  edit. 

The  difference  between  refrangibility  and  reflexibiiity 
was  fiii»l  discovered  by  Sir  Isaac  Newton,  in  16*71-2, 
and  communicated  to  the  Royal  Society,  in  a letter  dated 
Feb,  6 of  that  year,  which  was  published  in  the  Philos. 
Trans,  numb.  80,  pa.  3073;  and  from  that  time  it  was 
vindicated  by  him,  from  the  objections  of  several  persons ; 
particularly  Pardies,  Marioite,  Linus  or  Lin,  and  other 
gentlemen  of  the  English  college  at  Liege ; and  at  length  it 
was  more  fully  laid  down,  ilfustratcd,  and  confirmeit,  by 
a great  variety  of  experiments,  related  in  bis  excelleni 
treatise  on  Optics. 

But  further,  as  not  only  those  colours  of  light  produced 
by  refraction  in  a prism,  but  also  those  reflected  from 
opaque  bodii-s,  have  their  different  degrees  of  refrangi- 
bility  Aitd  reflexibility ; and  as  a white  light  arises  from 
a mixture  of  the  several  colourrd  rays  together,  the 
samq  great  author  concluded  that  all  homogeneous  light 
has  its  propi*r  colour,  corn*sponding  to  its  degree  of  re- 
fraiigibili^’,  and  not  capable  of  being  changed  by  any 
reflections,  or  apy  refractions ; that  the  sun’s  light  is  com- 
pooed  of  all  the  primary  colours;  and  that  all^ompound 
colours  arise  from  the  mixture  of  the  primary  ones,  &c. 

The  different  degrees  of  refrangibifiiy,  be  conjectures 
to  arise  from  the  different  magnitude  oLthe  particles  com- 
posing the  different  rays.  Thus,  the  most  refrangible 
rays,  that  I's  the  red  ones,  he  supposes  may  consist  of  the 
largest  particles;  the  least  refrangible,  t.  e.  (he  violet 
rays,  of  the  smallest  particles  ; and  the  intermediate  rays, 
yellow,  green,  and  blue,  of  particles  of  intermediate  sites. 
See  CoLOuii. 

Dr.  Meracbel  has  made  many  ingenious  observations 
and  experiments  on  the  diflerent  degrees  of  rrfratigibility 
of  the  sun's  rays  ; from  which  it  appears,  that  beside  tl^ 
seven  coloured  rays  of  light  whieft  formed  the  basis  of 
Newton's  theory,  there  arc  other  rays  that  arc  perfectly 
colourless;  a summary  of  which  experiments* is  given 
under  the  article  Sun,  in  treating  of  (be  nature  of  his 
rays.  SeeSuK. 

For  Ihe  method  of  correcting  the  effect  of  the  different 
rcfrnngibility  of  the  rays  of  light  in  glasses,  see  Aberra- 
tion and  Tblescopb. 

REGEL,  or  Ri.offt,  a fixed  star  of  the  first  magnitude, 
in  the  left  foot  of  Orion. 

REGIOMONTANUS,  See  JoAn  Mullbr. 

REGION,  of  the  Air  or  Atmosphere.  Authors  divide 
the  atmosphere  into  three  stages,*  called  the  up(H  r,  mid- 
dle, and  lower  regions.— The  lowest  region  is  that  in 
which  we  breathe,  and  is  bounded  by  the  reflection  of  the 
sun's  rays,  that  is,  by  the  height  to  which  they  rebound 
freim  the  earth.— The  middle  region  is  that  in  which  the 
clouds  reside,  and  where  meteors  are  formed,  3cc  ; ex- 
tending from  the  extremity  of  the  lowest  to  the  topa  of 
the  highest  maunuins.— The  uppec  comaencra 

from  the  tops  of  the  mountains,  ajid  reaches  In  the  ul- 
moi^imils  of  the  airoospberr.  In  tbit  tiicrc  pro- 

m . '-i  R ^ 


t 


REG  [ 508  3 ■ H E G , 


bably  reigns  & per^Hitual  equable  calmness  clearness,  Hhd 
serenity. 

Eliuieninry  Racio!(,  According  to  the  Aristotelians,  is 
a sphere  terminated  by  the  concavity  of  the  moon's  orb, 
comprebi-ncMtig  the  earth's  atmosphere. 

Ethereal  Kaaios,  is  the  whole  extent  of  the  universe, 
comprising  uM  the  heavens  with  the  orbs  of  the  hxed  slarji 
and  other  cek-stinl  bodies. 

Rboion,  in  Gtx)gniphy,«a  country  or  particular  divi- 
sion of  the  earth,  ur  a tract  of  laud  inhabited  by  pi'ople 
of  the  same  nation. 

lUoiONS  qf  the  Moon,  Modern  astronomers  divide 
the  moon  into  several  regions,  or  provinces,  to  each  of 
which  they  give  its  proper  name. 

Rxoioks  Me  &a,  arc  the  two  parti  into  which  the 
whole  depth  of  the  is  conceived  lo  be  divided.  The 
^pper  of  these  extends  froTn  the  surface  of  the  wnies, 
<^own  as  low  as  the  rays  of  ihc  sun  can  pierce,^  and  ex- 
tend their  influence;  and  the  lower  region  extends  from 
thence  to  the  bottupi  of  the  sea. 

SutHerranean  Recioxs.  ‘l*hesc  arc  three,  into  which 
the  earth  is  divided^at  ditfcrenl  depths  below  the  surface, 
according  to  djflereut  degrees  of  cold  or  warmth  ; and  it 
is  imagined  that  the  «d  or  luiddlcmost  of  these  regioirs  is 
the  Coldest  of  the  three. 

REGIS  (Peter  SYLVAiN),a  French  philosopher,* and 
great  propagator  of  Caitcsianism,  was  born  iti  Agenoii 
I632.  He  studied  the  languages  and  pliilnauphy  under 
the  Jesuit^at  Cahors,  and  afterwards  divinity  in  the  uni- 
versity of  that  town,  being  designed  for  the  church.  His 
progress  in  learning  was  so  uncdiumon,  that  at  the  end 
of  four  years  he  wju  offered  a doctor’s  degree  without  the 
usual  ebargn;  but  he  did  not  think  it  became  him  till  he 
should  study  also  in  the  Sorbonne  at  Paris.  He  accord- 
ingly repaired  to  the  capital  for  that  purpose  ; but  he 
soon  became  disgusted  with  theology  ; and,  as  the  philr^ 
sophy  of  Descartt's  began  at  tirat  time  to  become  popular 
tbrough’thc  locturrs  of  RohaOlt,  be  conceived  a taste  for 
it,  and  gave  himself  up  entirely  to  its  doctrines.  Having, 
by  attending  those  lactarel,  and  by  close  study,  become 
an  adept  in  tbnt  philosophy,  he  went  to  Toulouse  in  1(R)5, 
where  bt>  gave  lecture;  in  it  himielf.  Having  u clear  and 
fluent  manner,  and  a happy  way  of  explaining  his  subject, 
he  drew  giuny  persons  to  hii  discourses ; the  magistrates, 
the  literati,  the  ecclesiastic^  nnd  the  ver)'  women,  who  all 
now  afl'ceted  to  renounce  the  ancient  philosophy. 

In  lf)71,  be  received  at  Montpclikr  the  same  ap- 
plause* fnr  bis  lectures  as  at  I’uulousc.  Finally,  in  l6^ 
hc^n-lurned'  to  Paris;  where  the  concourse  about  him 
was  such,  that  the  sticklers  for  PiTi^rateticism  began  to  be 
alarmed.  These  applying  to  the  urchbiVhop  of  Paris,  ho 
thought  it  expedient,  in  the  name  of  the  king,  to  put  a 
stop  to  the  lectures ; which  accordingly  were  discontinued 
for  several  months.  Aftprwarrh  bis  whole  lime  was  spent 
in  propagating  the  new  i^ilosophy,  both  by  lecrures,  and 
by  publishing  books ; and  in  deface  of  his  ^yst^m,  he 
had  disputes  with  Huei,  Du  Hamd,  Maihranchc,  and 
bthers.  His  works,  thcnigh  abounding  with  ingenuity  and 
learning,  have  been  neglected  in  <ron!j<'quCDCi‘  of  the  great 
discoveries  and  advancement  in  philoso|>htc  knowledge 
that  has  been  since  made. — He  was  chosen  a member  of 
die  Academy  of  Sdencr's  in  1^99  ; and  died  in  1707,  at 
7 5 years  of  age.  • 

His  works,  which  be  published,  are, 


T.  A system  of  Philosophy ; containing  Logic,  Me- 
taphysics, and  Morals ; in  1090,  3 voU  m 4toibeinga 
Compilation  of  the  different  Micas  of  Docartes.— >lt  was 
K'printed  the  year  after  at  Amsterdam,  with  the  addition 
of  a Discourse  on  Aneieiu  and  .Modern  Philotophy. 

2.  The  Use  of  Reason  and  of  Faith. 

3.  An  Answer  to  Huets  Censures  of  the  Cartesian  Phi- 

losophy; and  an  Answer  to  Du  Hamel’s  Critical  Uellec- 
lions.  • • * * 

4.  Seme  pieces  against  MalUranchc,  to  show  that  the 
apparent  roagiiUqde  of  un  object  depends  solely  on  tUe 
magnitude  of  ita  image,  traced  on  the  retina. 

1.  A small  piece  on  the  question.  Whether  Pleasure 
makes  our  present  Happiness? 

KhQllEbS10N,,or  RsrtooaAOATiox  q/'Cunw^  &c. 
See  UaTnooRADATioS. 

REGULAR  Eigarct  in  Geometry,  is  a figure  that  is 
both  equilateral  and  cquiangi^ar,  or  having  all  its  suU^ 
and  angles  equal  to  one  diiotbcr. — For  the  dimensions, 
properties,  ^c,  of  regular  figures,  see  Polyoon. 

Recolak  HcJyt  called  also,  Platonic  ilody,  is  a body 
or  solid  comprchco(k«d  by  like,  c<]ual,  and  regular  plane 
figures,  and  whose  S4>lid  angles  are  oil  cquuL  The  plaiKt 
figures  by  which  the  .solid  i*  contuiiicd,  arc  tb('  faces  of 
the  solid.  And  the  sides  of  the  plaucflgut^sare  the  edges, 
or  linear  sides  of  iJie  solid. 

'I'here  are  only  five  regular  solids,  via, 

The  tetraedron,  or  regular  iriuiigular  pyramid,  having 
4 triongulor  faces ; 

I'he  hexaedron,  or  cube,  having  6 square  faces; 

The  octaedron,  having  8 triangular  faces ; ’ 

The dodecaedron,  having  12  pentagonal  faces; 

The  icosaedron,  having  20  triangular  faces. 

Resides  ibese  five,  there  can  be  no  other  regular  bbdies 
in  n.iture. 

Piion.  1.  To  construct  or  form  the  Rrcular  SoUda.-^co 
the  rrtt^thod  of  describing  these  figures  under  the  article 
Rod  Y. 

2.  To  find  either  the  Sio^cc  or  the  S<did  Omtent  qf  any 

qf  the  Regular  Bodies.— Multiply  the  proper  tabular  urea 
or  surface  (taken  from  the  following  table)  by  the  square 
of  the  linear  edge  of  the  solid,  for  the  su]>orflcit‘s.  And 
multiply  the  tabular  solidity,  in  the  last  column  nf^tbe 
table,  by  the  cube  of  the  linear  edge,  for  the  solid  con- 
tent. • 


6'ui^accs  and  Solidities  of  Regular  Bodies,  the  Side  hting 
unity  or  1 . 


No.»r 

ude*. 

N«me. 

Surface. 

SuUdiry. 

4 

Tetraedron 

I732040S 

UI1785I3 

6 

Hexaedron 

6-000()(!00 

roooooi^o 

« 

Octaedron 

3'4SllUI(i 

0-471404.1 

12 

Dodecaedron 

20-G4J77R8 

7-6G3MS9 

20 

Icosaedron 

S-(tri02J40 

2-1 8 16950 

$.  The  diameter  of  a sphere  being  given,  to  flnd^lia 
side  of  any  of  the  Platonic  bodu's,  that  may  be  either  in- 
scribed in  the  sphere,  or  circumscribed  about  the  sphere,  • • 

or  that  is  equal  to  the  sphere. 

Multiply  the  given  dAineter  of  the  sphere  by  the  pro- 
per or  corresponding  number,  in  the  following  tobie,  an- 
swering to  the  thing  sought,  and  the  product  will  be  tha 
.side  of  the  Plutoiuc  body  required. 
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That  U rqtiat 
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t* 

Tytracdnai 

o-sift'+g? 

2*41948 

H)4*17 

Hexavdron 

0577350 

1-00000 

■0-88610 

Octaedfoii  . 

O707»07 

1*22474 

103476' 

Dodccaedroti 

0-525731 

0-(i()13S 

0-62153 

Icosat'flron 

0-556i»22 

0-44.903 

, 0-40883 

4.  The  side  of  arty  of  the  five  Platonic  bodies  being 
jriven,  (o  had  the  dianieteir  of  u sphere,  that  m»)i  either 
be  inscribi'd  in  that  body,  or  drcumscribo<l  nbooi  it,  or 
that  is  equal  .to  it~Ai  the  rispecti^e  numU^r  in  the 
tabic  above,  uiich'c  the  tith-,  imenhed,  circumacrihcdf  or 
equal,  >9.  to  I,  so  is  tl)c  side  of  the  given  Platonic  body, 
to  the  diameter  of  tu  iuscribeU,  circumscribed,  or  equal 
sphere. 

d.  The  side  of  any  one  of  the  five  Platonic  bodies  being 
given;  to  lind  the  side  of  any  of  the  other  four  bodies, 
that  may  be  equal  in  solidity  to  that  of  the  given  body. — 
As  the  nuinber  under  the  title  equal \n  the  last  column  oP 
the  table  above,  asKiitsl  the  given  Plalonuf  bexly,  is  to 
the  iiumlier  under  the  Sitme  title,  a||ainst  the  body  whose 
tide  is  sought,  so  is  the  side  of  the  given  Platonic  body,  to 
the  side  of  the  body  sought. 

Sec  demonstrations  of  man)  other  properties  of  the  Pla- 
tonic bodies,  in  ray  Mensuration,  part  3 sect.  *Z  p^.  163, 
6£C.  4tb  edition.  , 

Regular  Cnnv.  Si*r  Curve.  * , 

KKGUL.ATOK  0/' a IVaich,  is  a small  spring  belonging 
to  the  balance,  serving  to  adjust  the  going,  and  to  make 
it  go  either  faster  or  slower. 

HRGULUS,  in  .Astronomy,  a star  of  the  first  magni- 
tude, in  the  constellation  L^;  caUed  also,  from  its  si* 
tUiition,  Cor  Lconis,  or  the  Lion's  fU*art;  by  the  Arabs, 
Alhnbor;  aitd  by  the  Chaldeans.  Kalbelcccd,  or  Khrbe- 
Icceid;  from  an  opinion  of  its  inHuencing  the  aflairs  of 
tho  heavens;  as  Thru n obicrvcs^’l  he  longitude  of  Kc- 
gulus,  ^s  fixed  by  Flamsteed,  is  RJid  its  la- 
titude 0°  2d*  3S"  north.  5^  Lr.o.  • 

reinforce,  in  Gunnery,  is  that  part  of  a gun  next 
the  breech,  which  is  made  stronger  tu  resist  the  force  of 
.the  ^jowder.  Thefc*  arc  usually  two  remfdrces  in  each 
piece,  called  the  first  and  second  rainforcc.  The  second 
is  somewhat  smaller  than  the  first,  because  the  inflamed 
powder  in  that  partis  less  strong. 

Reimfokcb  Ringt  ni  a cannon,  aro  flat  mouldings, 
like  iron  hoofia,  placed  at  tho  breech  end  of  the  first  and 
secomi  rrinfurce,  projecting  beyond  tb«  rest  of  the  metal 
about  a quaricr  of  an  inch. 

* REINIHJLL)  (Eiiasmus),  an  eminent  astronomer  and 
maihentuticiau,  was  born  at  Salfcidt  in  'I  huringia,  a pro- 
vince in  Upper  Saxony,  the  llih  of  October  loll.  He 
studied  mathematics  under  James  Milichi  at  Wittemberg, 
ill  which  university  be  afterwards  became  professor  of 
iht»se  sciences,  which  he  taught  with  great  applause  ; and 
alter  writing  a number  of  usi’ful  and  leariHxJ  works,  be 
ilie<f  the  l.'^h  of  February  I5.'i3,  at  42  years  of  age  only, 
flis  writings  are  chiefly  the  following  : 

1.  'IbeoriR*  nova*  Piam  larum  G.  Purbachit,  augn>cnted 
and  illustrated  with  diagrtims  and  Scholia ; in  6vu,  1542; 
and  again  in  16b0. — In  rids  work,  anjung  other  things 
worthy  of. notice,  he  tenches  (pa.  75  and  76)  that  the 
cimiie  of  ibo  lunnr  epicycle  deveribes  an  oval  figure  in 
eueb  monthly  period,  and  that  the  orbit  of  Mercury  is 
aUo  of  the  same  u\nl  ligu);^. 


2.  Ptolemy's  .Almagest,  gibe  first  book,  ixr  Greek,  with 

a Lltin  version,  and  Scholia,  expliuaing  the  more  ob* 
scurc  passages;  in  8vo,  1549.— At  end  of  pa.  123  he 

promises  an  edition  of  Theon’s  Cummentarics,  which  arc 
very  u>cful  for  understanding  Ptolemy's  meaning;  but 
his  immature  death  prevented  Reinhold  from  giving  this 
and  other  works  which  be  had  ppojetned. 

3.  Pruteniem  Tubuin  CoehAiiuip  Mutiuim,  in  4to, 
155*1  ; again  in  J57l;  and  also  in  1385.— HciDhuld  spriit 
seven  years  labour  on  this  work,  in  which  be  wus  assisted 
by  the  munificence  of  Albert,  duke  pf  Prussia,  whence 
the  tables  bad  tlieirname:  beepmpared  the  observations 
of  Copernicus  with  those  of  Ptolemy  and  Hipparchus, 
wKcncc  he  consirucUxl  these  new  tables,  the  uses  of  which 
he  has  fully  explained  ui  a great  number  of  precepts  and 
canoiiH,  forming  a complete  introduction  to* practical 
astronomy. 

4.  Primus  liber  Tubularuin  Direclionum  ; to  which 
are  added,  the  Canon  Foecundus,  or  Tabic  of  Tangents, 
to  every  minute  of  the  quadrant;  and  New  Tables  o4' 
Climates,  Parnilels  and  Shadows,  with  an  Appendix,  con- 
taining the  M'Cond  Book  of  the  Canon  of  iJirections  ; in 
4to,  1554— Reinhold  here  supplies  what  was  omiMed  by 
Kigiomontaiius  in  his  Table  pf  Directions,  &c;  showing 
the  Hading  of  the  siik*b,  and  the  coDstruction  of  tho  tan- 
gents, the  sines  being  found  to  every  minute  of  the  quar 
dranl,  to  the  radius  10,fi00,000 ; and  he  produced  the 
Oblique  Ascensionc  from  00  degrees  to  the  end  a(  the 
quadrant.  He  teaches  also  tla^  use  of  these  tables  in  tb« 
solution  of  spherical  probicras. 

Reinbold  prepared  likewise  an  rcUtion  of  many  other 
works,  which  are  inumerated  in  the  Emperor's  Privilege^ 
prefixcti  to  the  Frutenic  Table's.  Namely,  Epbemerides 
for  several  years  to  come,  computed  from  the  new  table*. 
Tables  of  the  Rising  and  txtling  of  several  Fixer!  Stars, 
for  many  difiereitg  climates  and  times.  The  illustratioo 
and  cslabliahroent  of  Chronology,  by  the  eclipse*  of  the 
luminaries,  and  the  great  conjunctions  of  the  planets,  and 
by  the  appearance  of  comets,  5rc.  The  Ecclesiqstical 
Calendar-  The  History  of  Years,  or  AstroiiomicaJ  Ca- 
lendar. Isagogr  Spherica,  or  Elements  of  the  Doctrine 
of  the  Priuium  Mobile.  Hypolyposcs  Orbiutn  Ciclcs- 
tium,  or  the  ThcoTv  of  Planets.  Construction  of  a New 
Quadrant.  1 he  D^irine  of  Plane  and  Spherical  Trian- 
gles. Commentaries  on  the  work  of  Copcniicus.  Also 
Cominetitaries  on  the  15  books  of  Euclid,  on  Ptolemy's 
Geography,  and  on  the  Optics  of  Aihazen  the  Arabian. 
He  also  made  many  Astronomicaf  Observations,  but  with 
a wooden  quadrant,  which  observations  were  seen  by 
Tycho  BmIio  when  he  passed  through  Wiuemberg  in  the 
year  1575,  who  wondered  that  so  great  a cultivator  of 
ast/onomy  was  not  furnished  with  Iietter  ihstrumi^tt. 

Heinhuld  left  a son,  named  also  Erasmus  after  himscir, 
an  eminent  matliematician  and  physiciau  at  Salteldt.  He 
wrote  a small  work  in  the  German  lan^ungr,  on  Subter- 
ranean Geumitry,  printed  In  4to  at  Erfiiii  1575.— Ho 
wrote  also  c«»ncerni«g  tha  New  Star  which  appeared  in 
Cas«iMpt‘ia  in  the  year  1572;  with  -Astrological  Pro- 
giiusticatum,  published  in  1574,  in  theCiermaii  lunguiigc. 

KELAIS,  in  Foitification,  a French  tenii,  Ui«  sam% 
.with  bernu-. 

HRLATJON,  in  Mathematics,  is  the  habitude  or  it*- 
sp<ct  of  quantities  of  the  same  kind  to  each  other,  with 
rc’gnrd  to  their  magnitude  ; more  usually  culled  Ralio.^ 
A>hI  tho  equality,  identity,  or  sameness  of  two  such  it'Ut- 
tions,  is  calk'd  pn^porliou*  . 
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KtLAtl6^i‘  Inharmomcal,  in  Musical  Composition,  is  To  find  the  Jinite  Vahe  of  any  Rcprfoirf,  nr  lo  rcJucc  it 
that  whose  extremes  form  a false  or  unnatural  interval,  to  a vulgar  fraciiun.  Take  (be  given  rxficaline  bgure  or 
incapable  uf  being  sung.— This  is  otiiorwisc  called  a false  figures  fur  the  numerator  ; and  for  the  denoniinaiur,  take 

__i  __.i j.  — .j  ...  * t . — — gj  many  as  ii  cre  arc  recurring  tigurcs  or  places  in  tha 

given  repclcnd.  * 


relation,  and  stands  opposed  lo  a just  or  true  one. 

RELATIVE  Levtty^  Motion^  Stceuity,  Phee, 

SpavCy  Ttmej  Veiicity^  6^c,  Sec  the  several  substantives. 

KELIEV’O,  in  Arcbilecture,  denote  ibe  sally  or  pro* 
jeeture  of  aby  omampiU. 

REMAIN  DEK,  i»  the  difference  between  two  quant)  ties, 
or  that  which  is  left  after  subtracting  one  from  the  other. 

KEN  DERING, ^in  Uuilding.  Paroetixo. 

REPEATING  CtRci.^  Circular  lMrument$. 

REPELLING  Power,  in  Physics,  is  a certain  power  or 
&CS^,  residing  in  the  minute  particles  of  natural  bodies, 
^Ivlifch.  under  certain  circunutances.  they  mutually 
^4Kim  ^ach  other  .‘'being  the  reverse  or  opposite  to  the 
attmetive  power.  Newton  shows,  from  observation,  that 
kucli  a force  does  really  exist ; and  he  argues,  that  as  in 
algebra,  where  positive  quantities  cease,  there  negative 
ones  bq{in;  so  m physics  where  the  attractive  force 
ceases,  ihcrv  a repelling  force  must  begin. 

As  the  n'pelling  power  scorns  to  ar;sc  from  the  same 
principle  as  the  attractive,  only  exercised  under  different 
circumstances,  it  is  governed  by  (he  same  laws.  Now  the 
attractive  power  we  find  is  stronger  in  small  bodies  than 
ill  great  onet>,  in  proportion  to  the  masses;  therefi>re  the 
repelling  is  so  too  : and  ns  the  ra)-s  of  light  arc  the  roo>t 
minute  bodies  we  know  o(;  therefore  their  repelling  force 
roust  be  the  greatest.  It  is  computrui  by  Newton, 
that  the  attractive  force  of  the  rays  uf  light  is  above 
1 OOboOOOOOOOOUOU,  or  one  thousand  million  of  millions 
•of  times  stronger  than  the  force  of  gravity  on  the  surface 
of  the  ('arth : hence  arises  that  inconceivable  velocity  with 
which  light  must  move  to  reach  froin  the  sun  to  the  earth 
in  little  more  than  7 minutes  of  time.  Tor  the  rays  cmit- 
tml  from  the  body  uf  the  sun,  by  the  vibrating  luoiioii  of 
iu  parts,  arc  no  sooner  got  without  the  sphere  of  attrac- 
tion of  the  sun,  than  they  come  within  the  action  of  the 
repeUing  power. 

The  elasticity  or  springiness  of  bodies,  nr  that  property 
by  which,  after  having  their  figure  altered  by  an  external 
fofM,  tilcy  return  to  their  former  shape  again,  follows  from 
tltflvMlIjng  power.  See  Repulsion. 
REPERCUSSION.  See  Reflectiok, 

REPETEKDl  in  Arithmetic,  denoto  that  part  of  an 
infinite  decimal  fraction,  which  is  continually  repeated 
ad  infinitum.*  Thus  m the  numbers  :2*I3  IS  13  Nc,  (he 
figures  13  are  the  repotend,  and  marked  jhus  13.— These 
repeiends  chiefly  arise  in  the  reduction  of  vulgar  fractions 
to  decimals.  Thu*.,  ^ = 0'333&c  =0*3  j and  ^ = O-lfififi 
&c  = M6';  and|  = 0‘U2857  142837  &c  = 0'i42857. 
Where  it  is  to  he  observed,  that  a point  is  set  over  the 
figure  of  a single  repetend,  and  over  the  first  ami  last 
figure  when  there  arc  several  that  repeat. 

Repetends  are  either  Single  or  Compound. 

A Single  Repetfkd  is  that  ^n  which  only  one  figure  re- 
peats; as  0*3,  or  0*6.  he. 

A Compound  Repetend,  is  that  in  which  (wo  or  more 
^gures  are  repeated  ; as  *13,  or  ‘216,  or '142857. 

SimUar  Repetkn  ds  are  such  as  begin  At  (he  same  place, 
and  consist  of  the  same  number  of  figure*:  as  ‘3  and  *6, 
or  1-341  and  ?*I56‘. 

Dimmilur  Repetends  begin  at  diflierent  places,  and 
consist  of  an  unequal  numbcr.of  figures.. 


So 
and  '123 


3 = - =:  and  '06  = *0  - =s  - 

9 S 9 


■ = — ; and  2*03  = 2 - 

I .kia  * I 


and  ‘0594403  = 


= — ; &c. 

9VVW90  9»0 


. Hence  it  follows,  that  every  such  infinite  repetend  has 
a certain  determinate  and  finite  value,  or  can  be  expressed 
by  a terminate  vulgar  fraction.  And  const-quently,  that 
an  infinite  decimal  which  does  not  lopoat  or  circulate, 
cannot  be  completely  express'd  by  a finite  vulgar  fraction. 

It  may  further  be  observed,  that  if  (be  numerator  of  a 
vulgar  fraction  be  1,  and  the  denominalur  any  prime 
number,  e.xccpt  2 and  5,  ibe  dt^cima)  which  shall  be 
(>qual  to  that  vulgar  traction,  will  alw-ays  be  a n-petend, 
beginning  at.tbc  first  place  of  dix  imab;  and  (his  rt  pq- 
tend  must  heci-ssarily  be  u submultiple,  or  an  aliquot 
part  of  a number  expressed  by  us  many  U'sas  the  repetend 
has  figures;  that  is,  if  the  n.*)>cteiid  have  six  figures,  it 
will  be  a subiuultiple  of  P999.99;  if  f<>uv  figures,  a sub- 
multiple  uf  ^VJn?nLl‘  it  tullows,  that  if  any 

prime  number  be  called  p,  tlie  iwries  .P.999^c,  proriuced 
a-i  fiir  As  is  n<%:CNS)lry,  will  always  be  divisible  by  p,  and  tho 
Ijuoiieoi  will  be  tiie  irpetend  ot  the  decimal  Iracuoii  1-^p. 

I'he  same  is  also  true  uf  any  odd  number  whatever 
thap  is  not  divisible  by  5 ; and  tor  any  rrp<*tend  as  well  as 
9.  That  is,  any  odd  number,  not  divisible  by  5,  is  a di- 
visor of  any  repetend  digit  cnrru*d  to  a sufficient  number 
of  places,  and  these  will  never  exceed  the  number  ex- 
presM’d  by  the  divbor. 

lt*is  also  a curious  circumstance,  that  all  fractions 
whose  denominators  are  the  same,  arc  expressed  indecimala 
by  repetemis  winch  bavedhc  same  effective  figures,  though 
varied  in  their  position.  Thus,  ^ 

* s=  -J42857  142857,  &C. 
f = -285714  286714,  &c. 

4 =3  *428671  428571,  Ac. 
f = *671428  671428, ’Nc.  . • . 

f mt  -714285  714285,  he. 
e = -857142  857142.  Ac. 

RESIDU.\L  figure,  in  Gi-ometry,  the  figure  remain- 
ing after  subtracting  a less  from  a greater. 

KEsiruTAL  Rooty  is  a root  composed  of  two  parts  or 
members,  only  connected  together  with  the  sign  — or 
minu>.  Thus,  a—b,  or  5‘~3,  is  a residual  root;  and  is 
so  called,  because  its  true  value  is  no  more  than  the  re- 
sidue, or  difference  brtwi  en  the  parts  o and  6,  or  5 and  3, 
which  in  this  cam^  is  2. 

RESIDUUM  <>/■  a Cifor)^,  in  Electricity,  first  disco- 
vered by  Mr. Gralath,  in  Germany,  in  174fi,  is  (bat  part 
of  (he  charge  that  lay  on  the  unconted  part  of  a Leyden 
phial,  whirl)  dues  not  pan  witirall  its  electricity  at  u^ce; 
so  that  it  is  aftcrwnrds  gradually  diffused  lo  the  coating. 

RESIS^FANCE,  or  IIehixtino  force,  in  Physics,  any 
power  which  acts  in  opposition  to  another,  so  as  lo  de- 
stroy or  diminish  its  ciTert. 

There  arc  different  kinds  of  resistance,  arising  from  the 
various  natun-s  and  proppnies  of  the  nsistiiig  bodii-s,  and 
governed  by  various  laws;  as,  the  resistance  of  sidids,  the 
resistance  of  fluids,  (he  resistance  ol  the  air,  Ac.  Of  each 
of  these  in  their  order,  as  bvloa^ 


•«  Rbsistancb  ^Solidly  in  Mccbanict,  h the  force  with 
which  the  quiescent  parts  of  solid  bodies  oppose  the  mo- 
tion of  others  contt^^uous  to  them.  Of  these,  there  arc 
two  kinds.  The  first,  where  the  resisting  and*  the  resisted 
parts,  i.v.  the  moving  and  quiescent  bodies,  are  o*nIy  con* 
tiguoas,  and  do  not  cohere;  constituting  separate  bodies 
or  masses.  This  resistance  is  what  Lribnilz  calls  Resist- 
ance of  the  surface,  but  which  is  more  properly  called 
Friction  : for  the  laws  of  which,  seethe  article  FaiCTiotr. 

The  '.^d  case  of  resistance,  is  where  the  rt'sisting  and  re- 
sisted parts  arc  not  only  contiguous,  but  cubere*,  being 
parts  of  the  same  continued  b<Wy  or  mass.  'I'hit  resist* 
aisce  was  first  considered  by  Galileo,  and  may  properly 
be  called  Renitency.-*irAs  to  wimt  regards  the  resistance 
of  bodies  when  struck  by  others  in  motion,  see  PkkCVs- 
61U1I,  and  CoLLisioH. 

Theory  of  the  Re$i$Utnce  <f  the  Fibree  <f  Solid  BoJfes.— 
To  conceive  an  idea  of  this  resistance,  or  renitrticy  of  the 
parts,  suppose  a cylindrical  body  suspended  vertically  by 
one  end.  Here  all  its  parts,  being  heavy,  tend  down* 
wards,  and  endeavour  to  separate  the  two  contiguous 
planes  or  surfaces  where  the  body  is  the  weakest ; but  all 
the  parts  of  them  resist  this  w'paration  by  the  force  with 
which  they  cohere,  or  are  bound  together.  Here  then  arc 
two  opposite  powers;  viz,  the  weight  of  the  cylinder, 
which  lends  to  break  it ; and  the  force  of  cohesioD  of  the 
parts,  which  resists  the  fracture.  * 

If  now  the  base  of  the  cylinder  be  increased,  without 
increasing  its  length  ; it  is  evident  that  both  the  resistance 
and  tbe  weight  will  be  increased  in  the  same  ratio  as  the 
btfsc  ; and  hence  it  appears  that  all  cylinden  of  the  same 
niRtt<T  and  length,  whatever  their  bases  be,  have  an  equal 
resistance,  when  vertically  suspended. 

But  if  the  length  of  the  cylinder  be  increased,  without 
increasing  its  base,  its  weight  is  increased,  while  the  re- 
sistance or  strength  continues  unaltered ; consequently 
the  lengthening  has  the  c0cct  of  weakening  it,  or  increases 
its  tendency  to  bit*ak. 

Hence,  to  6nd  tl^  greatest  length  a cylinder  of  any 
matter  may  have,  when  it  just  breaks  with  the  addition  of 
another  given  weight,  wc  need  only  take  any  cylinder  of 
the  same  matter,  and  fasten  to  it  the  least  weight  that  is 
just  sufficient  to  bri-ak  it ; and  then  consider  how  much  it 
must  be  lengthened,  so  that  the  weight  of  the  part  added, 
together  with  the  given  weight,  may  bo  just  equal  to  that 
weight,  and  the  thing  is  done.  Thus,  let  / denote  the  first 
length  of  the  cylinder,  c its  weight,  g the  given  weight  the 
lengthened  cylinder  is  to  boar,  and  te  the  least  weight  that 
breaks  the  cylinder  I,  also  x the  length  sought ; tbeu  as 

/ : T : ; c : = the  weight  of  the  longest  cylinder  sought ; 

anfl  this,  together  with  the  given  weighty,  must  be  equal 
to  c togrihcB  with  the  weight  w ; hence  then 

— + g = c -4-  w j therefore  x ss  * * 'I*  = ihewholc 

length  of  the  cylinder  sought.  If  the  cylinder  must  just 
break  with  its  own  weight,  then  is^  =3  0,  and  in  that  case 

X = — fis  the.  whole  length  that  just  breaks  by  its  own 

weight.  By  this  means  Galileo  found  that  a copper-urire, 
and  of  cunsoqueiice  any  other  cylinder  of  copper,  might 
be  oxU'inJcd  to  4h0l  braccios  or  fathoms  of  6 feet  each. 

•If  the  cyfimier  bo  fixed  by  one  end  into  a wall,  with  the 
axis  hurizonully  ; the  force  to  brt  ak  if,  and  its  resislancc 
to  fruciurc  will  here  be%jth  diffi  ivnt ; as  btUh  the  weight 
to  cuuse  (be  fracturO|  and  the  resistance  of  the  fibres  tu 


opposdjt,  arc  combined  with  the  effects  of  the  lever;  for 
the  weight  td  cause  the  fracture,  whether  of  the  beam  alone,, 
or  combined  with  an  additional  weight  hung  to  it,  is  to  be 
supposed  collected  into  the  centre  of  gravity,  where  it  is* 
considered  as  acting  by  a lever  equal  to  the  distance  of 
that  Centre  beyond  the  face  of  the  wall  vAiere  the  cylinder 
or  other  prism  is  fixed;  and  then  the  product  of  the  said^ 
whole  weight  and  distance,  will  be  the  momentum  or  force 
to  break  the  prism.  Again,  the  rrsisiancc  of  the  fibres 
may  he  supposed  coN<  cted  into  the  Centre  of  the  transverse 
seciioii,  and  all  acting  there  at  the  end  of  a lever  equal  U> 
the  vertical  scmidismeicr  of  the  scclion,  the  lowest  point 
of  that  diameter  being  immoveable,  and  about  which  the 
whole  diameter  turns  when  (ho  prism  breaks ; and  hence  ^ 
the  product  of  the  adhesive  force  of  the  fibres  multiplied 
by  the  said  semidiametcr,  will  be  ibe  roomcnlum  of  resist- 
ance, and  which  must  be  equal  to  the  former  momentum 
when  the  prism  just  breaks.  * 

Hence,  to  find  the  length  a pri»m  will  bear,  fixed  so 
horizontally,  before  it  breaks,  either  by  its  own  wei^t, 
or  by  the  addition  of  any  adventitious  weight;  taka  fmy 
length  of  such  a prism,  and  load  it  with  weights  tall  it  jsst 
break.  Then,  pul  • 

I = (he  length  of  this  prism,  « 

c = its  weight, 

tp  s the  weight  that  breaks  it,  - 
a = distance  of  weight  tr, 
g ss  any  given  weight  to  be  borne, 
d s=  its  distance, 

X ss  the  length  required  to  break.  * 

Then  / : X : : c : the  weight  of  the  prism  /,  and 

<T  ex^  ! * 

-j-  K |x  a ~ s;  its 'momentum ; also  dg  s the  mo- 
mentum of  the  weight  g-;  ibcreforo  “ dg  is  the  mo- 

mentum of  the  prism  x and  its  added  weight.  In  like 
manner  |cf  atp  is  that  of  the  former  or  short  prism  aad 
the  weight  that  brake  it ; consequently 

" ■+“  dg  Jc/  -I-  atj?,  and  x = ^ ^ 

is  the  length  sought,  that  just  breaks  with  the  weight 
g at  the  distance  d..  If  this  weight  g be  nothing,  then 
X = X is  the  length,  of  the  prism  that 


just  breaks  with  Its  own  weight.  ^ 

If  two  prisms  of  t&e  same  matter,  havingtheir  bases  and 
lengths  in  the  same  proportion,  be  suspended  horizontally ; 
it  IS  evident  that  the  greater  has  more  weight  than  thb 
lesser,  both  on  account  of  its  length,  and  of  its  base  ; but 
it  has  less  resistance  on  account  of  its  length,  considered 
as  a longer  arm  of  a lever,  and  has  only  more  resistaucc 
on  account  ofiu  base;  thcriTure-it  exceeds  the  lesser  in 
its  momentum  more  than  it  does  in  its  resistance,  and  con- 


sequently it  must  break  more  ea^ly. 

Hence  appear.^  the  reason  why,  ia  makiug  small  ma- 
chines and  models,  people  arc  apt  to  be  mistaken  as  to  tba 
resistance  and  strength  of  certain  borisonlal  pieces,  when 
they  come  to  c.xecute  thoir  designs  in  large,  by  observing 
the  same  proportions  as  in  tb^small. 

Wbi  n the  prism,  fixed  vertically,  is  just  about  to  break, 
there  is  an  equilibrium  between  its  positive  and  relative 
weight ; and  cons4*queolly  llrose  two  opposite  powers  are 
to  each  other  reciprocally  as  the  arms  of  the  lover  Ui  which 
they  arc  applied,  that  is,  as  half  ibe  diameter  to  half  the 
axis  of  the  prism.  Ud  Uic  other  hand,  the  resistance  of  a 
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brttly  til  aVvoy}'  to  (he  gr<'tto9t  weight  nhlcVj^l  wiil 

ju»t  »u»t4ii\«in  n vertical  |)o»>iKm,  that  i»,  iu*i(a  ahaolute 
weight.  I bi'itrlhrCf  tuhvIKutnig  tlic  ahsoltitc  vre-igbt  lor 
the  rc^i^Uai'Cf  it  eppeurv,  (hut  (he  ab>oluu*  wt*igliL  oi  a 
boity»  au’^pcurli'd  hurtziMiully*  is  to  itH  nlalivi*  weight,  as 
the  distance  ot  it^  ccuire  ot  gmvity  troin  the  lixed  |>oifU  or 
^xif  of  mo(io»,  is  to  the  dhtUnce  of  the  centre  ol  gravity 
of  its  base  tix)m  liie  senu'. 

The  discovery  of  this  important  truth,  at  least  of  an 
efiMivak’iU  to  it,  ainhto  which  llus  it  rikiticihle,  we  owe 
to  Galileo;  on  vvhose  system  of  resisiaticc,  huw«-ver| 
Markitte  made  an  ingemous  icUiarL,  which  gave  birib  (o 
a new  system.  Galileo  suppos<^  that  wb<*rr  the  body 
^ breaks,  all  the  fibre*  break  at  once  ; si*  that  the  body  aU 
way*  resists  with  it^  whole  absolute  force,  or  the  whole 
farce  (but  all  its  fibres  have  in  the  place  w-bt^re  it  breaks. 
But  Mariotte>fintiit^  tliataii  bodies,  even  glass  itself,  bend 
before  they  ba^k*,  siiows  that  bbri'S  are  to  be  considered 
* as  so  many  little  bent  springs,  which  never  exert  their 
whole  force,  till  stretche<l  to  u certain  point,  and  never 
braak  till  entirely  unbent,  llencre  thixe  m-uicst  the  ful« 
crura  of  the  lever,  or  lowest  point  ut  ibe  fracture,  are 
stretched  less  than  those  further  oH',  and  cnme«{u«ntly  em* 
ploy  part  of  their  force,  uirI  break  later.  * 

This  consideration  only  takes  place  in  the  horixontal 
situation  of  the  body  : for  in  the  UTticdl,  the  llbres  of  the 
base  all  break  nt  once  ; so  that  the  ab:>oiu'tv  wcigftt  of  the 
body  must  exceed  the  unitrd  resistance  of  all  its  fibres; 
a greater  weight  is  iherelure  requiied  hen-  than  in  the  ho- 
rizonpil  situation,  that  is,  a greater  weight  required  lo 
overcome  their  united  resistance,  than  lo  overcome  their 
rt!s]stuiices  une  utter  iiiiotlier.  , 

Varignon  has  im(Vroved  on  the  system  of  Marlotle,  and 
shown  that  to  Galileo's  system,  it  adds  the  consideration 
of  the  centre  of  percussion  ; for  in  each  system,  the  sec- 
tion, where  the  Ixnly  breaks,  movx's  on  the  axis  of  equili- 
brium, or  line  at  ibe  lower  extreraily  ot  tire  suatc  section ; 
bat  in  tb«  second,  ibcAbresofthisarctiun  ure  continually 
stretching  more  and  muas  and  that  in  ibe  same  ratio,  us 
they  an*  situatotl  farther  and  farther  from  the  axis  of  equi- 
librium, and  consequently  are  stUl  exerting  a greater  and 
g^ator  part  of  their  whole  force. 

These  unc<{aal  extensions  bke  a|l  other  forces,  must 
have  some  common  centre  where  they  are  united,  making 
equal  effuns  on  each  side  of  it:  and  as  they  are  precisely 
ih^c  same  proportion  as  the  velociljei  which  tl^seveial 
points  of  a rod  mover!  circularly  would  have  to  one  an- 
other, the  Centre  of  extension  of  tlie  section  where  the 
body  breaks,  roust  Ijc  the  fame  as  its  centre  of  percussion. 
Galileo's  hypoihcsi*,  where  fibrts  stretch  equally,  and 
break  all  at  once,  corrrxponds  to  the  case  of  a rod  moving 
parallel  to  itself,  where  the  ctmtre  of  extension  or  percus- 
sion does  not  appear,  as  l^ing  confounded  *witb  the  centre 
of  gravity. 

Hence  it  follows,  that  rhe  resistance  of  bodies  in  Ma- 
notte’s  system,  is  to*  that  in  Galileo’s,  as  the  distance  of 
thg  centre  of  (H-Tcussion,  taken  on  the  VTitical  diameter  of 
the  fracture,  hi  to  the  whole  of  that  diameter  : and  hence 
also,  the  resistance  being  less  than  what  (faldeo  imagined, 
the  relative  weight  must  also  be  Im,  and  in  the  ratio  just 
znrntioiiet).  So  that,  after  conceiving  the  relative  weight 
of  B body,  and  its  resistance  equal  lo  itsal»ulu(e  weight, 
as  two  conlpiry  powers  applied  to  the  two  arms  of  a levrr, 
in  the  hypoihcsisof  Galileo,  there  neetls  nothing  to  change 
It  into  that  p(  Mariolte;  but  to  imagine  that  the  resistance, 


or  the  absolute- wiHgbt,  it  Ix’come  less,  in  the  ratio  abosra* 
mciUumctl,  every  tliuig  else  remaiiirog  the  same. 

One  ut'thc  inoM  curious,  and  pe  rhaps  the  most  useful 
questions  ii!  this  rrM'orch,  is  to  hiKi  what  tigure  a bodr 
must  haVc,  that  iu  rcaistance  may  be  equal  or  propor- 
tional in  esery'part  to  the  force  lending it.  Now 
lo  this  end,  it  is  ueccsMiry.soirte  part  of  it  being  conceived 
a»  cut  ntr  by  a plane  |>arullel  to  the  fracture,  that  the  mo- 
incmum  of  the  part  retrenched  be  toils  rcMstancc,  in  tiie 
same  ratio  a»  the  laoinentum  of  the  whole  i»  to  its  resist- 
ance ; ’these  four  powers  acting  by  armsol  levers  pr  euiiar 
to  thtmsclvt*s,  and  are  propouiotud  in  the  whole,  uod  la 
each  part,of  a solid  of  ixiuai  resistance ; and  from  this  p(o- 
poriion^  Varignon  easily  deUticos^wo  solids,  which  shall 
resist  e<]ualiy  in  all  their  pares,  or  be  no  more  liable  to 
break  in  one  part  than  in  another  : Galileo  bad  found  one 
> beiorc.  That  discovered  by  Varignon  ii  in  the  form  of  a 
trumpet,  and  is  to  Ih*  iixeri  into  a wall  at  its  gioater  end  ; 
so  liial  its  magnltuiie  or  weight  is  ulwayv  dimmisbed  in 
propbrliun  as  its  Irnglb,  or  the  arm  of  ihe  le\x-r  by  which 
its  weight  acts,  is  increased  : anu  it  is  remarknbk*  that, 
however  didcunt  the  two  systems  ruay  be,  the  solids  of 
equal  re>istancc  are  the  same  in  both. 

I'or  the  resistance  of  a solid  »upfK>rtcd  at  each  ead,  as 
of  a beam  between  tno  walls,  m*c  Beam. 

JUmstance  q/'  /•VaiVa,  is  tlu  force  with  which  bodies 
moving  in  fluid  mediums,  are  iiitprth'd  and  relai'dt'd  in 
then  imiiioa. ' A IhnIv  moving  m a Hiiid  is  resistid  from 
tno  Causes.  The  tirsl  of  these  is  the  coht'sion  of  the  parts 
of  the  fluid.  l-'4>r  a body,  in  iLs  motion,  sepHrulittg  ibc 
purls  of  a Huid,  must  oveauroe  the  force  with  which  those 
parts  coheYe.  The  secemd  is  the  inertia,  or  inactivity  of 
muttiT,  by  which  a certain  force  is  required  lo  more  the 
pariicks  from  their  places,  in  order  to  let  the  body  pass. 

liie  reiurdutiuii  from  the  tirst  caiLH'  is  always  (be  same 
in  the  same  s|mte,  whalevcf  the  velocity  be,  the  body  le- 
iimtniug  the  sumo;  that  is,  the  resistance  is  as  the  space 
run  through  in  the  same  lime  : but  the  vekscily  is  also  in 
the  same  ratio  of  the  spare  run  over  (hesame  time : and 
therefore  the  resistance,  from  this  cause,  is  as  the  velocity 
-itself. 

The  resistance  from  the  vecond  cause,  when  a body 
inoves  tlirough  the  same  fluid  witli  difh-rem  velocitHS,  is 
as  the  Sfquaie  of  the  vrkKity.  F<ir,  lintt  the  reiustance  in- 
creases according  to  the  namber  of  particles  or  quantity 
ol  the  fluid  struck  in  the  sutue  time  ; which  number  must 
be  UB  the  space  run  through  in  that  time,  that  h,  as  ibt 
velocity  ; but  the  rt*sistance  also  increttses  in  proportion 
to  the  f«>rce  with  which  the  body  striJuw  agaihsU  every 
pBit;  which  force  is  also  as  the  velocity  of  thq  body,  being 
double  with  a double  velocity,  and  triple  with  a Irmle 
one,  dec  : therefore,  on  l>otb  these  accounts,  the  resistnnee 
is  B»  the  velocity  multiplied  by  the  velocity,  or  as  iha 
square  of  the  velocity.  On  the  whole  tlierefore,  on  ac- 
count of  both  cauBTs,  vi/,  the  tenacity  and  ineitia  of  the 
fluid,  the  body  is  resisted  paitiy  as  the  velocity  and  partly 
as  the  square  of  the  velocity. 

But  when  ilie  same  body  mom  through  dilferenf  fluids 
with  the  same  velocity,  the  tcsislance  from  the  second 
cause  follows  the  proportion  of  the  maiter  to  be  lemovcd 
in  the  samenime,  which  is  as  the  densit)  of  the  fluid. 

Hence  therefore,  if  d denote  the  densit)  of  the  Ilqid, 

, p the  velocity  of  the  body, 

'and  a and  b constant  coefficients : 
then  adv*  .4*  hv  will  be  proportional  to  the  whole  resist- 
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nncT  tothe  same  body,  moving  with  differont  velocities, 
in  the  same  direction,  through  fluids  of  different  demities, 
but  of  tiic  same  tenacity. 

But,  to  takein  the  consideration  of  different  tenacities 
of  fluids;  if  / denote  the  tenacity,  or  tLe  cohesion  of  the 
parts  of  the  fluid,  then  adt*  6/r  will  be  as  the  w hole 
resistance. 

Indeed  the  quantity  of  resistance  from  .the  cohesion  of 
the  parts  of  fluids,  except  in  glutinous  ones,  is  very  small 
in  respect  of  the  other  resistance  ; and  it  also  increases  in 
u much  lower  degree,  being  only  as  the  velocity,  while 
the  other  increases  as  the  square  of  the  velocity,  and  rather 
more.  Hence  then  the  term  6/r  is  very  small  in  respect  of 
the  other  term  odr' ; and  consequently  the  resistance  is 
nearly  ns  this  latter  term  ; or  nearly  as  the  square  of  the 
velocity.  Which  rule  has  be»*n  employed  by  most  authors, 
and  is  very  near  the  truth  in  slow  motiuqs;  but  in  very 
rapid  ones,  it  differs  considerably  from  the  truth,  as  wc 
shall  perceive  below ; not  indeed  from  the  omission  of  the 
small  term  btr,  due  to  the  cohesion,  but  from  the  want  of 
the  full  counter  pressure  on  the  hinder  part  of  the  body, 
a vacuum,  cither  perfect  or  partial,  being \>ft  bvdiind  the 
body  in  its  motion  ; and  also  perhaps  to  some  comprcfsion 
or  accumulation  of  the  fluid  iigainit  the  fore  pan  of  the 
body.  Hence, 

To  conceive  the  resistance  of  fluids  to  a body  moving  in 
them,  we  roust  distinguish  betweeq  those  fluid.v  wht^h, 
being  greatly  compressed  by  some  incumbent  weight, 
always  cluae  up  (he  space  behind  the  body  in  motion, 
without  leaving  any  vacuity  there  ; and  those  fluids  which, 
not  being  much  compressed,  do  not  quickly  All  up  the 
space  quitted  by  the  body  in  motion,  but  leave  a kind  of 
vacuum  behind  it.  llieso  differences,  in  the  resisting 
fluids,  will  occasion  very  remarkable  varieties  in  the  laws 
of  their  Tcsisiahce,  and  are  absolutely  necessary  to  be  con- 
sidered ill  the  determination  of  the  action  of  the  air  on 
shot  and  shells;  fur  the  air  partakes  of  both  these  affec- 
tions, according  to  the  different  velocities  of  ihc  projected 
body. 

In  treating  of  these  resistances  too,  the  fluids  may  be 
considered  either  as  continued  or  discontinued,  that  is, 
having  their  particles  contiguous  or  else  as  separated  and 
itpconnected  ; and  also  either  as  elastic  ornorv-elastic.  If 
a tluid  were*  so  constituted,  that  all  the  particles  composing 
it  were  at  seme  distance  from  each  other,  and  having  no 
action  betwifiJ  them,  then  the  resistance  of  a btidy  moving 
in  It  wruld  be  easily  computed,  from  the  quantity  of  mo- 
fmn  communicated  to  those  particles ; ft»r  instance,  if  a 
cylinder  niuvtd  in  such  alfluid  in  tire  direction  of  us  axis, 
It  would  cominuiticale  to  the  particles  it  met  with,  a velo- 
city equal  to  its  (Arn,  and  in  its  own  direction,  when  neither 
the  cylinder  nor  the  parts  of  tho  fluid  arc  clastic  i whence, 
it  the  vi  locity  and  diameter  of  the  cylinder  Ik*  knoivn,  and 
also  the  density  of  the  fluft,  there  would  llu  nec  lx'  de- 
tcnnineti  the  quantity  of  motion  communicated  to  the 
fluid,  whidi  (as  action  and  reaction  are  equal)  is  the  Mime 
with  the  quantity  lost  by  the  cylinder,  and  consequently 
the  resivianrc  would  thus  be  oscertuim^l. 

In  this  kind  of  discontinued  fluid,  the  partid«*s  b^dng 
detached  Irom  eafh  other.  « \ory  one  of  ihi  m can  pursue 
Its  own  motion  in  any  difeclion,  at  least  for  some  ttme, 
mdependent  of  the  neighbouring  ones  ; so  that,  instead  of 
a cylinder  nuoing  in  the  din-ction  of  its  axis,  if  u body 
with  a surface  oblique  to  its  direction  be  supposed  to  move 
fu  such  .1  fluid,  the  motion  ubich  the  trarU  of  thl*  fluid 
roL.  II. 


will  hence  acquire,  wilf  norbe  in  the  direction  of  the  re- 
sisted boily,  but  perpendicular  to  its  oblique  surface  ; 
whence  the  resistance  to  such  a body  will  not  be  estimated 
from  the  whole  motion  communicated  toihe'  particles  of 
the  fluid,  but  from  that  part  of  it  only  which  is  in  the 
direction  of  the^rcsisted  body.  In  fluids  then,  where  the 
parts  are  thus  discontinued  /rom  each  other,  the  different 
obliquities  of  that  surface  which  goes  foremost,  will  occa- 
sion considerable  changes  in  the  resistance ; though  the 
transverse  section  of  the  solid  should  in  all  cases  be  the 
saihe  : And  Newton  bu  particularly  determined  that,  in 
a fluid  thus  constituted,  the  resistance  of  a globe  is  but 
half  tho  resisianct  of  a cylinder  of  the  same  diameter, 
mos’ing,  in  the  direction  of  its  axis,  with  the  same  vcIch 
city.  . • 

But  (hough  the  hypothesis  of  a fluid  thus  constituted  be 
of  great  use  in  explaining  the  nature  of  resistances,  yet  we 
know  of  no  such  fluid  existing  in  nature  | all  the  fluids 
with  which  we  are  convemor  being  so  consiititted,  that 
their  particles  either  lie  contiguous  to  each  other,  or  ut 
least  act  on  each  other  in  the  same  manner  as  if  they  did : 
consequently,  in  these  fluids,  no  one  particle  that  is  con- 
tiguous to  the  it'sisted  body,  can  be  moved,  without  moving 
at  the  same  lime  a great  numtfer  of  others,  some  of  whicit 
will  be  distant  from  it;  and  tbe  motion  thus  cpromuuicated 
to  a mast  of  the  fluid,  will  not  be  in  any  one  fletcrr^ned 
direction,  but  ditferrnt  in'all  the  partith*s,  according  to 
the  different  positions  in  which  they  lie  in  contact  with 
those  from  which  (hey  receive  their  impulse;  whence, 
great  numbers  of  the  particles  being  diverted  into  oblique 
directions,  the  resistance  of  the  moving  body,  which  will 
depend  on  the  quantity  of  motion  communicated  to  (he 
fluid  in  its  own  direction,  will  be  different  id  quantity  from 
what  it« would  be  in  the  foregoing  supposition,  andjts 
(*stimation  becomes  much  more  complicated  and  operose. 

^f  the  fluid  be  compressed  by  the  incumbent  weight  of* 
its  upper  parts  (as  all  fluids  arc  with  us,  except  at  (heir 
very  surface),  and  if  the  velocity  of  the  moving  body  be 
much  less  than  that  with  which  the  parts  of  (he  fluid  would 
rush  into  a void  s(>acr,  in  consequence  of  their  compri'9* 
sioii ; it  is  evident,  that  in  this  case  tbe  space  left  by  the 
moving  body  will  be  inslantaneon^y  Ailed  up  by  the  fluid  ^ 
and  tbe  parts  of  the  fluid  against  which  the  foremost  part 
of  the  body  presses  in  its  motion,  will,  instead  of  beinjf 
impelled  forwards  in  the  dirrclion  of  the  body,  in^ma 
measure  circulate  towards  the  hinder  pert  of  it,  in  order 
to  restore  the  equilibrium,  which  the  constant  influ.x  of  (he 
fluid  behind  the  boily  woult^ otherwise  destroy  ; whence 
the  pre^ressive  motion  of  the  fluid,  and  consequently  (he 
re*iis(anee  ul  the  body,  which  depends  upon  it,  would  in 
this  inslnncc  be  much  less,  than  in  the  hypotbcais  where 
each  particle  is  supposed  to  acquire,  from  (he  stroke  of 
the  resisting  body,  a velocity  equal  to  that  with  which 
the  body  moved,  and  in  the  same  diaection.  Newton  has 
ditermined.  that  (he  resistance  yf  a cylinder,  moving  in 
liiC  ilirection  of  its  axis,  in  such  a compressed  fluid  as  wc 
have  here  treateduf,  is  but  ouc-fourth  part  of  the  resl»tance 
to  the  same  cylinder,  if  it  moved  with  the  same  velocity 
in  a fluid  constituted  in  the  manner  descrii>ed  in  the  Arst 
hypothesis,  each  fluid  being  supposed  of  the  same  density. 

But  again,  it  is  not  only  m the  quantify  of  their  resist- 
ance that  iheae  fluids  diffeg  but  also  in  the  diliereiit  maniH-r 
in  which  they  act  upon  solids  of  different  forms  moving  m 
them.  In  the  discontinued  fluid,  Arst  dcscri)K-d,  the  rb- 
liquify  of  ihu  foremost  surface  of  the  moving  body  would 
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diaiioiib  (he  Tewstance;  but  the  BAroe  thing  Joes  not  hold 
true  in  coinpre*scil  fluidsi  ®tU‘asl  not  in  any  considrraBle 
degree ; for  the  chief  rvRistance  in  coropicssed  fluids  arises 
from  the  grraiec  or  Im  facility  with  which  the  fluid,  im- 
pelled by  the  fore  part  of  the  body,  can  circulate  towards 
lU  hinder  part ; and  this  being  little,  if  at  alt,  aflecled  by 
the  form  of  the  moving  body,  whether  it  be  cylindrical, 
conical,*  or  spherical,  it  follows  that  while  the  transverse 
section  of  the  body  is  the  same,  and  consequently  the 
quantity  of  impelled  fluid  also,  the  change  of  figure  in  tho 
body  will  scarcely  affect  the  quantity  of  iU  resistance. 

And  this  cuV,  vi*,  the  resistance  of  a compressed  fluid 
to  a solid,  moving  in  it  with  a velocity  much  less  than 
what  the  parts  of  the  fluid  would  acquire  from  ilieircom- 
presaion,  has  been  very  folly  considered  by  Newton,  who 
has  ascertained  the  quantiiy  of  such  a resistance,  accord- 
ing to  the  dilFervnt  magnitudes  of  the  movint;  body,  and 
ibe  density  of  llio  fluid  : but  he  cxpri-ssly  informs  us  that 
the  rules  he  has  laid  down,  arc  not  generally  true,  being 
only  so  oo  a sup|K»ition  that  the  compression  of  the  fluid 
be  increased  io  the  greater  velocities  of  the  moving  body  : 
however,  some  unskilful  writers,  who  have  followed  him, 
overlooking  this  caution,  have  applied  this  determioatinn 
to  bodiesmovingwiihalldc^eesof  velocity,  without  ottend- 
ing  to  the  different  coiapressions  of  the  fluids  they  are  re- 
sisted by  I and  by  this  means  they  have  accounted  the  re- 
sistance, for  instance,  of  the  air  to  ojuskti  and  cannon 
shot,  to  be  but  about  orK>tbird  part  of  what  it  is  found  to 
be  by  cxjKTicnce, 

It  is  indeed  evident  that  the  resisting  power  of  the  me- 
dium must  be  increased,  when  the  resisted  botly  moves  so 
fast  that  the  fluid  cannot  instantaneously  press  in  behind 
it,  and  fill  lhc*descited  space  i for  when  this  happens,  the 
body  will  he  deprived  of  the  pressure  of  the  ftuic^  behind 
it ; which  in  some  measure  balanced  its  resistance,  or  at 
•least  the  fore  pressure,  and  must  sup|>ort  on  its  fore  part 
the  whole  weight  of  a column  of  the  fluid,  over  and  above 
the  motion  it  gives  to  the  parts  of  the  same;  and  besides, 
the  motion  in  the  particles  driven  before  the  body,  is  less 
affected  in  this  case  by  ihc  compreuion  of  the  fluid,  and 
consequmtly  they  are  less  deflected  from  the  direction  in 
jwhich  they  are  impelled  by  the  resisted  surface ; whence 
it  happens  that  this  species  of  r^*si>tance  approaches  more 
tnd  more  to  that  described  in  the  first  hypothesis,  where 
each  4>article  of  the  fluid,  being  unconnected  with  the 
Tteighliouring  ones,  pursued  its  own  motion,  in  its  own 
direction,  without  being  inlerruplcd  or  deflected  by  their 
contiguity;  and  thcceforc,  as  the  rcsistaiwrc  of  a discon- 
tinued fluid  to  a cylinder,  moving  in  the  direction  of  its 
axis,  is  ♦ times  greater  than  the  resistance  of  a fluid  sufli- 
cienlly  compressed  of  the  same  density,  it  follows  that  the 
resistance  of  a fluid,  when  a vacuity  is  left  behind  the 
moving  body,  may  be  near  4 tinws  greater  than  that  of  the 
aamc  fluid,  when  no  <uch  vacuity  is  formed  ; for  when  a 
void  space  is  thus  left,  |he  resistance  approaches  in  iU 
iialuro  to  that  of  a discontinued  fluid. 

‘ This  then  raav  probably  be  the  case  in  acylinder  moving 
in  the  same  compressexl  fluid,  according  to  the  different 
degrees  of  its  velocity;  so  that  if  it  set  out  with  a great 
velocity,  and  moves  in  the  fluid  till  that  velocity  be  much 

tlimioisbed,  the  resislingpowec  of  the  medium  may  be  near 
4tiniMgrcatcrinthc  beginning of^ls  motion  than  inlhe  end. 

In  a ^obe,  the  difference  will  not  be  so  great,  ^cau^, 
on  account  of  its  oblique  surface,  Its  resistance  in  a dis- 
tmcdiutn  is  but  about  twice  u much  as  in  one 


properly  compressed ; for  its  oblique  surface  diminishes 
its  ri'sUtsncc  in  one  case,  aiul  not  in  the  other  : however, 
as  the  compression  of  the  medium,  even  when  a vacuity 
is  left  behind  the  moving  body,  may  yet  conflne  tho 
oblique  motion  of  the  .parts  of  the  fluid,  whicli  arc  driven 
before  the  body,  und  a»  in  an  elastic  fluid,  such  ns  our 
air  is,  there  will  be  some  degree  of  condensation  in  those 
parts  ; it  is  highly  probable  that  (he  resistance  of  a globe, 
moving  in  a cumpressed  fluid  witii  a very  great  velocity, 
may  greatly  exceed  the  proportion  of  the  resistance  to 
slow  motions. 

And  as  this  increase  of  Uio  resisting  power  of  the  me- 
dium will  take  place,  when  the  vebcity  of  the  moving 
body  is  so  great,  that  a perfect  vacuum  is  left  behind  it, 
so  some  degree  of  augmentation  will  be  sensible  in  ve- 
locities much  short  of  this;  fur  even  when,  by  the  com- 
pression of  the  fluid,  the  sp:iCc  left  behind  tho  body  is  in- 
stantaneously flUed  up ; yet,  if  the  velocity  with  which 
the  parts  of  the  fluid  rush  in  behind,  is^  not  much  greater 
than  that  with  which  the  body  roovet,  the  same  reasons 
that  have  been  urged  above,  in  the  tase  of  an  absolute 
vacuity,  will  hold  in  a less  degree  in  this  instance;  ami 
tben-hVe  it  is  not  to  he  luppost-d  iJmt,  m tlie  incrtuM*d 
resistance  which  has  been  hitherto  ticated  of,  it  imme- 
diately vanishes  when  the  comprebslon  of  the  fluid  is  just 
sufficient  to  prevent  a vacuum  behind  the  resisted  body  ; 
bu|  wc  must  consider  it  as  diininisbir^  only  according  ut 
the  velocity,  with  winch  the  paits  of  the  fluid  follow  the 
body^  exceeds  that  with  which  (he  body  moves. 

Hence  then  it  may  be  concluded,  that  if  a globe  sets 
out  in  a resisting  medium,  with  a velocity  much  exceed- 
ing that  with  which  the  particles  of  the  medium  would 
rush  into  a void  space,  in  consequence  of  their  com- 
pression, so  that  a vacuum  is  necessarily  left  behind  the 
globe  in  its  motion;  the  resistance  of  this  medium  to  the 
globe  will  be  much  greater,  in  proportion  to  its  velocity, 
than  what  we  arc  sure,  from  sir  1.  Newton,  would  take 
place  in  a slower  motion:  and  we  may  further  conclude, 
that  the  resisting  power  of  (he  medium  will  gradually  di- 
minish os  the  velocity  of  the  globe  decreases,  till  at  last, 
when  it  moves  with  velocities  which  bear  but  a small  pro- 
portion to  that  with  which  the  particles  of  the  medium 
follow  il,  the  resistance  becomes  the  same  with  what  is 
assigned  by  Newton  in  the  case  of  a compressed  fluid. 

And  from  this  determination  may  be  seen,  how  false 
that  position  Is,  which  asserts  the  resistance  of  any  me- 
dium to  be  always  in  the  duplicate  ratio  of  the  velocity 
of  the  re.*sistcd  body ; for  it  plainly  appeors,  by  what  has 
been  said,  that  this  can  only  be' considered  as  nearly  truu 
in  small  variations  of  velocity,  and  can  never  be  applied 
in  comparing  together  the  resistances  (o  all  velocities 
whatever,  without  incurring  the  most  enormous  errors. 
See  Robins’s  Gunnery,  chap.  S,  prop.  I,  and  my  Tracts 
and  Course  of  Maihem.  vols.  '2  and  3.  Sec  also  the  ar- 
ticles Resistavcb  qf  tie  Air,  Projectile,  and  Gvk- 

ItERT. 

Resistance  and  retardation  are  used  iiwliffercntly  for 
each  other,  os  being  both  in  the  same  prvtporlion,  and  the 
same  resistance  always  generating  the  same  retardation. 
But  with  regard  to  different  bodies,  the  same  resistance 
fre<juently  generates  different. retardations  ; the  resistance 
being  as  the  quantity  of  motion,  and  the  retardation  as 
that  of  the  celerity.  For  the  diffcreucu  aud  measure  of 
the  two«  sec  Retardation. 

ThcretardatioQS  from  this  resistaucc  may  be  compared 
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togrthcr*  by  comparing  (b#  resistance  with  the  gravity  or  motion  here  contiotiaUy  generatcfl  by  the  relative  gravity, 
quuntity  of  mxtter.  It  is  demonstrated  that  the  resist-  will  be  destroyed  by  the  resistance,  or  the  forfo  of  resist-* 
ancQ  of  a cyliiidert  which  murrs  in  the  direction  of  its  ante  is  equal  to  the  relative  gravity,  and  the  body  must 
axis,  is  equal  to  the  weight  ol  a column  of  tbe  fluid,  then  g*  on  equably ; for  af^er  the  velocity  is  arrived  at 
whose  base  is  equal  to  that  o(  the  cylinder,  and  its  alii-  such  a degree,  that  the  resisting  force  is  equal  to  the 
Hide  equal  to  the  height  through  which  a body  must  fall  weight  that  urges  it,  it  can  increase  no  longer,  and  the 
‘ ‘ '■  rcc  of  gravity,  to  acquire  the  velocity  globe  must  aflcrwurd  coniiitur  to  d«^ct*nd  with  that  ve- 

locity uniformly.  And  a body  contiiiuulty  comes  nearer 
and  nearer  to  this  greatest  celerity,  but  can  never  attain 
it  accurately.  Now,  n and  n being  the  specifle  gravities 
of  the  globe  and  fluid,  N —a  will  be  the  relstive  gravity 
of  the  globe  in  tbe  fluid,  and  therefore  u>  as 
IS  tbe  weight  by  which  it  is  urged  downward  ; alio  m sa 

fmifv* 

H 


111  viicuo,  by  the 

of  tbe  moving  bo*^'.  So  that,  if  a denote  the  nrc'a  of  the 
face  or  end  ot  Uie  cylinder,  or  other  prism,  r its  velocity, 
and  II  (he  sfieciflc  gravity  of  tho  fluids  then,  the  altitude 

due  to  the  velocity  o being  the  whole  resistance,  pr 

= thequan- 


mutive  force  m,  will  be  a x n x 


tity  g being  =;  167!,  feet,  or  the  space  a body  falls,  in 
vacuo,  in  tlic  flrsi  M'cond  of  time.  And  the  resistance  to 
a globe  of  the  same  diameter  would  be  the  half  of  this* — 
Let  a ball,  for  instance,  of  S inches  diameter,  be  moved  in 
water  with  a celerity  of  lb  feet  per  second  of  time:  now 
from  experiments  on  pendulums,  and  on  falling  bodit's,  it 
has  been  found/  that  this  is  the  celerity  which  a body 
acquires  in  falling  from  the  height  of  4 feet;  therefore 
Uie  weight  of  a cylinder  of  water  of  3 inches  diameter, 
and  4 Kx>t  high,  that  is  a weight  of  about  l‘2lb  4ox,  is 
equal  to  the  resistance  of  the  cylinder;  and  ccinscqui-ntly 
the  half  of  it,  or  61h  2us  is  that  of  tbe  ball.  Or,  tbe  for- 

j*mi*  7BS4  X 9 X 1000  X 16  K la  ^ V,, 

mu  a — gives  , = 19ooz,or  12  b 

4os,  for  the  resistance  of  the  cylinder,  or  bib.  2o>2.  fo^ 
that  of  tbe  ball,  the  same  as  before. 

Let  now  the  resistance,  so  discovered,  be  divided  by  the 
weight  of  the  body,  and  the  quotient  will  show  the  ratio 
of  the  retardation  to  the  force  of  gravity.  So,  if  the  said 
ball,  of  3 inches  diameter,  be  of  cast  iron,  it  will  wei^h 
nearly  bl  ounces,  or  3^lb;  and  the  resistance  being  olb 
2oz,  or  9s  ounces ; therefore,  the  resistance  bcii^  to  the 
gravity  as  9$  to  bl,  the  retardation,  or  retarding  force, 
will  be  14  or  14,  the  force  of  gravity  being  1.  Or  thus  ; 
because  a,  tho  area  of  a great  circle  ofHhf  ball,  is  =* 
where  d it  the  diameur,  and  p ss  *78-^  therefore 

the  resistance  to  the  ball  is  m ==  and  because  its 

• tff 

solid  content  is  -ss  and  its  weight  where 

ft  denotes  its  specific  gravity;  therefore,  dividing  tbe 
resistance  or  motive  force  m by  tbe  weight  ui,  givea 

^ = f the  retardation,  or  retarding  force, 

*«  16X4;  O' 


is  the  resistance,  as  above ; therefore  these  two 
must  be  equal  when  tbe  velocity  can  be  no  further  in-^ 
creased,  or  « :=  ui,  that  is  ■=  (*»  -")t 

= Y^g  (»<—»);  end  hence  v = ^(Y^g  * ^") 

said  unifcTtm  or  greatest  velocity  which  the  body  can  at- 
tain ; which  hi  evidently  the  greater  in  the  subcluplicate 
proportion  of  d the  diameter  of  tbe  ball.  But  r is  always 
= ^ 4g/t,  the  velocity  generated  by  any  accolcraiive 
forcc/in  describing  the  space  t;  which  being  compared  with 

the  former,  it  gives  « sc  when  / is  = that  is, 

the  greatest  velocity  is  that  which  is  generated  by  the  ac- 
celerating force  in  passing  over  the  space  |d  or  | of 
the  diameter  of  the  ball,  or  it  is  equal  to  the  velocity  ge- 
nerated by  gravity  in  describing  the  space  x ^d.  For 

ex.  if  the  ball  be  of  lead,  which  is  about  ll|  times  the 
density  of  water;  then  v =s  11{,  n s 1,  = 

= lOi  = V.  and  X }d’=  Vd  = 

that  is,  thu  uniform  or  greatest  velr>city  of  a ball  of  lead, 
dtacending  in  water,  is  equal  to  that  which  a heavy  body 
acquired  by  falling  in  vacuo  through  a space  equal  to 
f3f  of  tbe  diameter  of  the  ball,  which  v^city  is  r a 

8v^l3|d  nearly,  or  8 

times  tbe  root  of  the  same  space. 

Hence  it  appears,  how  soon  small  bodies  come  to  tbeir 
greatest  or  uniform  velocity  in  descending  in  a fluid,  as 
water,  and  how  very  small  that  vdociqr  is : which  ex- 


that of  gravity  being  1 ; which  is  therefore  as  the  square  p),u,„  ihe  reason  of  the  slow  precipitation  of  mud.  and 

of  the  velocity  directly,  and  as  the  diameter  inversely;  ...  ... 

and  this  Is  the  reason  why  a large  ball  overcomes  the  re- 
sistance better  than  a small  one,  of  the  same  density.  Sec 
my  Tracts  and  Course  as  abtwe.  ^ 

Resistance  of  Ftmid  Mtdiumt  to  ike  ilforion  0/  Failing 
Bodirt.— A body  freely  descending  in  a fluid,  is  accele- 
rated by  the  relative  gravity  of  tbe  body,  (that  is,  ihc  dif- 
ference between  its  own  a^olulc  gravity  and  that  of  a 
like  bulk  of  the  fluid,)  which  continually  acts  spun  it, 
yet  nut  equably,  as  in  a vacuum  : for  the  resistance  of 
(he  fluid  occasions  a retardation,  or  diminution  of  acce- 
leration, which  diminutiuu  increases  with  the  velocity  of 
(he  body.  Hence  it  happens,  that  there  is  a certuin  ve- 
locity, which  is  the  greatest  that  a body  can  acquire  by 
falling;  for  if  its  velocity  be  iuch.  that  -tbe  resistance 
arising  from  it  becomes  equal  to  (he  relative  weight  of  the 


small  particles,  in  water,  as  also  why,  in  precipitations, 
the  larger  and  grots  particles  descend  sooneat,  and  tbe 
lowest. 

Further,  where  n =s  a,  or  the  density  of  the  fluid  it 
equal  to  that  of  the  body,  then  s 0,  consequently 
the  velocity  and  distance  descended  are  each  nothing,  and 
tbe  body  will  just  float  in  any  |uirt  of  tbe  fluid. 

Moreover,  when  tbe  body  is  lighter  than  the  fluid,  then- 
K is  less  than  a,  and  x—n  becomes  a negative  quanti^, 
or  the  force  and  motion  tend  the  contrary  way,  that  is, 
the  bull  will  ascend  up  towards  the  top  of  the  fluid  by  a 
motive  force  which  is  as  a— x.  In  this  case  then,  the 
body  ascending  by  the  action  of  the  fluid,  is  nsoved  ex- 
actly by  tbe  same  laws  as  a heavier  body  fallii^  in  (he 
fluid.  And  wherever  the  body  is  placed,  it  is  sustained 
by  tbe  fluid,  and  carried  up  with  a*forcc  equal  to  ih« 


body,  its  motion  can  be  no  longer  accclcraicd;  for  tbe  diflereoce  of  tbe  weight  of  a quantity  of  tbe  fluid  of  tbe 

* 2 s a 
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&amc  bulk  tui  tbv  body,  from  ihe  weight  of  the  body  ; 
lUc/e  >s  therefore  a force  uhich  continually  acts  equably 
oil  the  body ; by  ubich  not  only  the  action  of  gravity  of 
the  body  U counteracted,  $o  as  (hat  it  is  not  to  bo  consi- 
dered in  this  case;  hut  the  body  is  also  carried  upwards 
by  a motion  equably  accelerated.  In  the  same  rnantKT 
as  a bc»dy  heavier  than  a fluid  descends  by  its  relative 
gravity ; but  the  equability  of  acceleration  is  destroyed 
in  the  same  manner  by  the  resistance,  in  the  ascent  of  a 
body  lighter  than  the  fluid,  as  it  is  dt*stroyed  in  the  dc* 
seem  of  a body  that  is  heavier. 

The  resistance  to  a plane  surface  of  1 foot  square,  in 
passing  through  water  with  various  degrees  of  velocity. 


is  as  below  ; 

Vrlocitin  p« 

' hoar 

RoiAtne 

in  mile*. 

in  irairdiipoi.  pound.. 

1 

- 

40ltn 

, - 

yo 

2 

• 

itio 

2} 

■- 

2M) 

3 

. 

360 

- 

490 

4 

640 

&c. 

For  the  circumstances  of  the  correspondent  velocity, 
space,  and  lime,  &c,  of  a body  moving  in  a fluid  in  which 
it  is  projected  with  a given  velocity,  or  descending  by  its 
own  wtight,  dec,  sec  my  Tracts  and  Course,  as  before- 
mentioned. 

RKsiftTAKCB  qf*  the  Air^  in  Pneurflntics,  is  the  force 
with  which  the  motion  of  bodies,  particularly  of  pro- 
jectiles, is  retarded  by  the  opposition  of  the  air  or  atmo- 
•pbere.  See  Ovnukrt,  Proj  ecti i.es,  dec. 

The  air  being  a fluid,  the  gi-nera)  laws  of  the  rrstslance 
of  fluids  obtain  in  it;  subject  only  to  some  variations  and 
irregularities  from  tfie  different  degrees  of  density  in  the 
diflerent  stations  or  regions  of  the  atinoftpheto. 

The  resistance  of  ihe  ait  is  chiefly  of  use  to  military 
projectiles,  in  order  to  allow  for  the  differences  cause*!  by 
it  in  their  flight  and  range.  Before  ibe  lime  of  Mr.  Ko- 
bias.  It  was  thought  that  thi|  resistance  to  the  motion  of 
such  heavy  btaJit'S  h»  iron  balls  and  shells,  was  too  incon- 
siderable to  be  ^»ardcd,  and  that  the  rules  and  conclu- 
sions derived  fr'  U)  the  common  parabolic  theory,  were 
sufiiciemly  cx;irt  for  tlie  common  practice  of  gunnery. 
But  that  g’lttli-man  showed,  in  his  New  Principles  of 
Gunnery,  that,  hi  far  from  b<dng  incon^derable,  it  is  in 
reality  inorm<iu»ly  creat,  and  by  no  means  to  bo  rejected 
vvitboul  iticurrihg  tlic  grossest  errors ; so  much  so,  that 
balls  or  shells  which  range,  at  the  most,  in  the  air,  to 
tho  distance  of  two  or  three  miles,  would  in  a vacuum 
range  to  20  or  30  miles,  or  more.  To  determine  the 
quantity  of  this  resistance,  in  the  case  of  different  ve- 
locities, Mr.  Hobius  discharged  musket-balls,  with  various 
degrees  of  known  velocity,  against  his  ballistic  pendulums, 
placed  at  several  different  distances,  and  so  discovered  by  ex- 
parimenl  the  quantity  of  velocity  lost,  when  passing  through 
those  distances  or  spaces  of  air,  with  the  several  known 
d^reet  of  ederity.  For  having  thus  known  the  velocity 
lost  or  destroyed,  in  passing  over  a certain  space,  in  a cer- 
tain time,  (which  lime  is\ery  nearly  equal  to  the  quotient 
of  the  space  divided  by  the  medium  velocity  between  the 
greatest  and  least,  or  between  the  velocity  at  the  mouth  of 
the  gun  and  that  at  the  pendulum  ;)  that  is,  knowing  ih4 
vch>city  v,.the  space  r,  and  time  r,  the  resisting  force  is 


thence  easily  know'll,  being  cqflal  to  or  "bore 

b denotes  the  weight  of  the  ball,  and  v the  medium  ve- 
locity above-mentiooed.  The  bails  employed  on  this 
occasion  by  Mr.  Robins,  were  leaden  ones,  of  of  a 
pound  weight,  and  ^ of  an  inch  diameter ; and  to  the 
medium  velocity  of 

l600  feet  the  resistance  was  fllb, 

106'5  feel  - • - - - it  was  2^; 
but  by  the  theory  of  Newton,  before  laid  down,  the  for- 
mer of  these  should  he  only  4ilb,  and  the  latter  2 lb:  so 
that,  in  the  former  case  the  real  resistance  is  more  than 
double  of  that  given  by  the  theory,  being  increased  as  y to 
22 ; and  in  the  lesser  velocity  the  increase  is  from  2 to  2-f, 
or  as  5 to  7 only. 

Mr.  Robins  also  invented  another  machine,  having  a 
whirling  or  circular  motion,  by  which  bo  measured  tho 
resistances  to  larger  bodies,  though  with  much  smaller  ve- 
locities : it  is  described,  and  a figure  of  it  given,  near  the 
end  of  the  Ut  >*o).  of  his  works,  and  in  the  3d  vol.  of  my 
Tracts. 

That  (his  resisting  power  of  the  air  to  swift  motions  is 
very  sensibly  increased  beyond  what  Newton's  theory  for 
slow  motions  makes  it,  seems  hence  to  be  evident.  By 
other  experiments  it  appears  that  (he  resistance  is  very 
sensibly  increased,  even  in  the  velocity  of  400  feet.  How- 
ever, this  increased  power  of  resistance  diminishes  as  the 
velocity  of  the  n*sisled  body  diminishes,  lilt  at  length, 
when  the  motion  is  sufficiently  abated,  the  actual  resist- 
ance coincides  with  that  supposed  in  the  theory  nearly. 

For  these  varying  resistances  Mr.  Robins  has  given  a rule, 
though  not  correct* extending  to  l6‘70  feet  velocity. 

Mr.  Euler  has  shown,  that  the  common  doctrine  of  re- 
sistance answers  pretty  well  when  the  motion  is  not  very 
swift,  but  in  swift  muttons  it  gives  the  resistance  Im  than 
it  ought  to  be,  on  two  accounts.  1.  Because  in  quick  mo- 
tions, the  air  does  not  fill  up  the  space  behind  the  body- 
fast  enough  to  press  on  the  hinder  parts, to  counterbalance 
the  weight  ^ the  atmosphere  on  the  fore  part.  2.  'I'he 
density  x>f  the  air  before  the  ball  being  increased  by  the 
quick  nsotion,  will  press  more  strongly  on  the  foie  part, 
and  so  will  resist  more  than  lighter  air  in  its  natural  state. 
And  he  has  also  shown  that  Mr.  Robins  has  restrained  his 
rule  to  velocities* not  exceeding  l6‘70  fi-et  per  second ; 
whereas  bad  he  extended  it  to  greater  velocities,  the  result 
must  have  been  erroneous;  and  he  gives  another /ormula 
himself,  and  deduces  conclusions  differing  from  those  of 
Mr.  Robins.  Sec  his  Principles  of  Gunnery  investigalcsi,  ♦ 
translated  by  Brown  in  1777,  pa.  224  £cc. 

Mr.  Robins  having  proved  that,  in  very  great  changes 
of  velocity,  the  resistonce  does  not  accurately  follow  the 
duplicate  ratio  of  the  velocity,  lays  down  two  positions, 
which  he  thought  might  be  of  some  service  in  the  practice 
of  artillery,  till  a more  complete  ami  accurate  theory  of 
resibtance,  and  the  changes  of  its  augmentation,  could  be 
obtained.  The  first  of  these  is,  that  till  the  velocity  of  the 
projectile  surpass  1 100  or  1200  feet  in  a second,  the  rc- 
MSiance  may  be  esteemed  to  be  in  the  duplicate  ratio  of 
the  velocity  : and  the  second  is,  that  when  the  velocity 
exceeds  1100  or  1200  feet,  then  the  absolute  quantity  of 
the  resistance  will  be  sear  3 times  as  great  as  it  would  be 
by  a comparison  with  the  smaller  velocities.  On  these 
principles  he  proceeds  m approximating  to  the  actual 
ranges  of  pieces  with  small  angles  of  c)c*vttion,  vis,  such 
as  do  not  exceed  8®  or  10^,  w hich  be  sets  down  in  a table, 
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<.uisp«red  with  their  corresponding  potential  rangc*».  See 
his  htalltematicalTractSj  vol.  1,  pa.  17P  ftc.  Bui  ucshall 
see  presently  that  ilicsa  positions  are  both  without  founda* 
tion  i limt  there  is  no  such  tiling  as  a sudden  or  abrupt 
change  in  the  law  of  reaiattnee,  from  (he  scjuaic  of  these* 
lociiy  to  one  that  gives  a quantity  three  tiiiu-s  *&s  much  ; 
but  t^at  the  change  is  slow  and  giaduai,  from  the  lowest 
to  the  highest  velocities ; and  that  the  increased  real  re- 
sistance no  when*  rises  much  higher  than  double  of  that 
which  Ni-wion's  tlu*ory  gives  it. 

Mr.Glvme,  in  his  Hmory  of  Gunnery,  I77^t  P^- 
observes,  ill  consequence  of  some  experiments  with  a riHed 
piece,  properly  fitted  for  cxperimcuial  purposes,  that  the 
resistance  of  the  air  to  a velocity  somewhat  less  thaa  that 
mentioned  in  the  first  of  the  above  propositions,  is  consi- 
derably greater  than  in  the  duplicate  ratio  of  the  velocity ; 
and  that,  to  a celerity  somewhat  greater  than  (hat  staled 
in  the  second,  the  re'>istance  is  considerably  less  than  (hat 
which  is  treble  the  resistance  in  the  said  ratio.  Some  of 
Bobins  a own  experiments  seem  necessarily  to  make  it  so  ; 
since,  to  a velocity  no  quicker  than  400  feet  in  a second, 
be  found  the  resistance  to  be  somewhat  greater  than  in  that 
ratio.  But  the  true  value  of  the  ratio,  and  othef  circum- 
stances of  this  resistance,  wilt  more  fully  appear  from  what 
follows. 

The  subject  of  the  resistance  of  the  air,  as  begun  by 
Jlobins,  has  been  prosecuted  by  myself,  to  a very  great 
extent  and  varii  ty,  both  with  the  whirling  machine,  and 
with  caiinuD  balls  of  all  sices,  from  lib  to  6lb  weight,  as 
well  us  with  figures  of  many  other  ditferent  shape«,  both 
on  the  fore  part  and  hind  part  of  them,  and  with  planes  set 
at  all  varieties  of  angles  of  inclination  to  the  path  or  mo- 
tion of  the  same**,  from  all  which  L havcobtamed  the  real 
resistance  to  bodies  for  all  velocities,  from  I up  to  2tXK) 
feci  per  second : together  with  the  law  of  the  resistance  to 
the  same  body  for  all  different  velocities,  and  for  diticrent 
siics  w ith  (he  ^aine  velocity^  and  also  fur  all  angles  of  in- 
clination ; a full  account  of  which  is  given  in  the  3d  and 
3d  vols.  of  my  Tracts.  Some  of  (be  tables  and  rules  are 
abstracted  as  below.  • 

Taai.R  I.  ReMtUance*  qf  seremf  d^finen^  Bodiet. 


Vrloe. 

•rc. 

Hrintt. 

Cunc. 

CTfii*. 

Wlnlc 

Rrsifti. 
M lb* 

po«rr 
of  ihc 
r«(oe. 

'ft4' 

fill 

iWe 

m«iti>l 

tide 

reur*. 

b>vr 

tier 

Slobe 

ferl. 

0(. 

lU. 

• i- 

04. 

nk. 

•■t. 

a 

-Ois 

•ovi 

■090 

Oil 

•064 

ovo 

-047 

4 

*0<»» 

•0'j6 

•e'19 

Os 

•109 

•090 

•017 

5 

6 

•OM 

*I(K1 

•HO 

•111 

•064 

(nu 

. ; 1 
\ oun 

•I6J 

•73t 

*143 

■90i 

■(>69 

-09* 

7 

*i4l 

*as4 

M94 

li9 

•39S 

■779 

145 

H 

‘IS4 

* *36» 

•ICO 

16N 

•4H7 

•.leo 

■163 

0 

•eja 

•46« 

•m 

•711 

*479 

•4S6 

*90> 

so 

•«7 

•S73 

•34i 

•360 

•S97 

•S6S 

•9>S 

n 

'340 

*009 

■3V9 

•a  IS 

*71 -3 

-btiV 

-410 

3-019 

IS 

-419 

‘tlft 

347 

•376 

*950 

-9.*6 

■470 

3 044 

13 

-4W 

■Q99 

409 

•440 

i'OOO 

‘9:9 

•43> 

3010 

• 14  ■ 

•S73 

1-1  >4 

•479 

•S13 

1166 

ri4S 

•vo> 

3-001 

IS 

*061 

1-046 

•ssa 

•see 

l•■14(• 

1-437 

*591 

3-041 

)«> 

17 

<7  >4 
■Ksa 

i'S49 

1-7S7 

*644 

-7S3 

•673 

•74J 

1*54* 

l*76» 

1 >36 
I 745 

•664 

•hi 

3-043 

3-009 

Is 

•-919 

• ’999 

*919 

*6sa 

3*007 

I-9S6 

■849 

3 0l4 

\u 

1*073 

0-3  SS 

*033 

*9S9 

9*360 

9-346 

‘949 

9-047 

>0 

M'tft 

314S' 

1-044 

ro69 

3*SlO 

3 539 

I0S7 

9-051 

Mr..  It 

prrtpor. 

Nm, 

140 

399 

119 

136 

391 

3S> 

174 

3-040 

. -1 

.. 

i 

S 

6 

7 

9 

9 

Ill  this  table  are  contained  the  resistances  to  ^ vrrai 
forms'  of  bodies,  when  moved  with  vaiiogs  degrees  of  velo- 
city, from  .3  fret  per  second  to  30.  The  names  of  the  bo- 
dies are  at  (he  tops  of  the  columns,  as  also  which  end  went 
foreiuoit  through  the  air ; the  different  velocities  are  in  lh< 
first  column,  ami  the  n*sistances  on  the  same  line,  in  tbe>r 
several  coUmins,  in  avomiupois  ounces  and  decimal  parts. 
So  on  the  first  line  are  contained  the  resisiHiices  when  th« 
bodies  movc-wilh  u velocity  of  3 feet  in  a Mcond,  vii,  in 
the  ‘id  column  for  the  small  hemisphere,  of  4|  inches  dia- 
meter, its  resistance  '038  oz  when  the  flat  side  went  fore- 
most; in  the  3d  and  4th  columns  the  resistances  to  a larger 
hemisphere,  first  with  the  lUt  side,  ami  next  (he  round 
side  foremost,  the  diameter  of  this,  as  well  us  ail  tlie  fol- 
lowing figures  being  6^  inches,  and  therefore  the  area  of 
the  great  circle  s 33  iq.  inches,  or  | of  a sq.  foot ; then 
in  the  5th  and  6tb  cqlumns  are  the  resistances  to  a cone, 
first  its  vertex  and  then  itsdiase  foremost,  the  altitude  of 
the  cone  being  inches,  being  only  i inch  more  than  the 
diameter  of  Us  base;  in  the  7th  column  the  misunce  to 
the  end  of  the  cylinder,  and  in  the  8th  that  agatnst  (he 
whole  globe  or  sphere.  Alt  the  numbers  show  the  real 
weights  which  are  equal  to  the  resistances;  and  at  the 
bottoms  of  the  columns  are  placed  proportional  numbers, 
which  show  the  mean  proportions  of  the  resistances  of  all 
the  figures  to  one  another,  wiiji  any  velocity.  Lastly,  in 
the  9th  column  are  placevi  the  exponents  of  the  power  of 
the  velocity  which  the  resistances  in  the  8^tii  column  bear 
to  etch  other,  viz,  which  that  of  the  10  feet  velocity  b<*ars 
to  each  of  the  following  ones,  the  medium  of  all  of  them 
being  as  the  3'04  power  of  the  velocity,  that  is,  very  lilile 
abovc  the  square  or  seboud  power  of  the  velocity,  so  far  as 
the  velocities  in  this  table  extend.— From  this  table  the 
following  inferences  are  easily  deduced. 

1.  That  the  resistance  ii  nearly  in  the  same  propostiuii 
as  the  surfact's  ; a small  increase  only  taking  place  in  the 
greater  Burlaces,  and  for  the  greater  velocities.  'I'hus,  by 
comparing  together  the  numliers  in  the  3cl  and  3d  co- 
lumns, for  the  bases  of  the  two  hemispheres,  (he  areas  of 
which  ba>es  are  in  the  proportion  of  17i  to  38,  or  5 to  9 
very  nearly,  it  appears  that  the  numl>ers  in  those  two  co- 
lumns, L‘xpri*8sing  (he  resistances,  are  nearly  as  1 to  2 or 
5 to  10,  as  far  as  the  velocity  of  1 2 feet^;  but  after  that, 
the  resistances  on  the  greater  surface  ii>crcasc  gradually 
mure  and  more  above  that  proportion. 

2.  The  resistance  to  the  same  surface,  with  different  ve- 
locities, is,  in  these  slow  muiiom,  nearly  as  the  square  of 
the  velocity ; but  gradually  increaH's  more  and  more 
above  that  proportion  as  lh«  velocity  increases.  This  is 
manifest  fr<im  ail  the  columns;  and  the  i'ldex  of  (be  power 
of  the  velocity  is  set  down  in  the  ytli  column,  for  thp  rc- 
Mstances  ththe  8th,  (hu  medium  being  3'04;  by  which  it 
appears  that  the  rcsiviance  to  the  same  body  is,  in  these 
stow  motions,  as  tlia  3*04  power  of  the  velocity,  or  nearly 
as  (he  square  of  it. 

3.  The  round  ends,  and  sharp  ends,  of  solitU,  suffer  less 
resistance  than  the  Hat  or  plane  ends,  of  the  same  diAme- 
ter ; but  the  sharper  end  has  not  always  the  less  resistance. 
I'lius,  the  cylinder,  and  the  Hat  ends  of  the^emisphcrc 
and  cone,  have  mure  resistance,  than  the  round  or  sharp 
ends  of  the  same;  but  the  round  side  of  (be  hemi- 
sphere has  less  resistance  than  (he  sharper  end  of  the 
cone. 

4.  The  resistance  oi^bc  base,  of  the  hemUphere,  is  (n 
(baton  ihcroumf^  or  whole  sphere,  as  3}  to  i,  instead  of 
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S to  If  M the  theory  givvi  (bat  rcIftUon.  AUo  the  expc« 
riroented  xe«i»(anci%  oq  oarh  of  (hcsCf  ii  nearly  | more 
than  the  quantity  ussigneii  by  (be  theory. 

• 6.  The  rt.'si»tance  on  the  bast*  of  tbe  cone,  is  to  that  on 

the  Tcrtcx.  nearly  as  to  1 ; and  almost  in  (Ire  Mime 
ratio  is  i adius  to  the  sine  of  the  angle  of  inclination  of  the 
aide  of  the  cone  to  its  path  or  axis,  ho  that,  in  this  in- 
stance,  the  nsutance  is  directly  as  the  sine  of  tlte  angle 
of  incidence,  the  transverse  section  being  the  same. 

6,  When  tbe  hinder  parts<of  bodies  are  of  dtfierrnt 
forms,  tbe  resistances  are  different,  though  the  fo/c>parls 
be  exactly  alike  and  equal;  owing  probably  to  the  differ- 
ent pressures  of  the  air  on  tbe  hinder  parts.  Thus,  the  n> 
aistance  to  the  fore  ]mrt  of  the  cylinder, Is  leas  than  on  the 
equal  flat  surface  of  (he  rums  or  of  the  hemisphere ; bo 
cause  the  hinder  |miiI  of  the  cylinder  is  more  pressed  or 
pushed,  by  tbe  following  air  than  those  of  tbe  other  two 
hgures;  also,  for  (he  same  ivason,  the  base  of  the  hemi- 
sphere suffers  a less  resistance  than  that  of  the  cone,  and 
the  round  side  of  the  bctiiisplicrc  less  than  the  whole 
sphere. 

Sec  other  deductions  in  my  Tracts,  vol.  3,  pa.  I93  dec. 
Table  II.  Rnittancci  fro/A  fy  Erperimenr  and  /o 

a G/obe  of  I incha  Diameter. 


Vekx.  per 
■VC.  in  Ifct. 

llrtiM.  by 
Ei^'ter. 

04. 

TU«tM . hy 
Tlicory. 
ot. 

Ratio  ut 
Eiprr.  to 
Tlieory. 

Rnki»t.  ft* 
die  power  of 
“ the  *«h>c. 

5 

0006 

0*005 

1-20 

10 

0 0«{ 

0*020, 

1*23 

15 

0*055 

0*044 

125 

20 

0100 

(W)79 

1-27 

25 

0*158 

0*123 

1 285 

2*050 

30 

0-22.0 

0 177 

130 

2*048 

40 

0+13 

0314 

1*32 

2*040* 

50 

o6il 

0 491 

1*33 

2*044 

100 

S67J 

1 964 

1'36 

2-042 

200 

11 

7-9 

r+o 

2041 

300 

25 

18-7 

1'41 

2*039 

400 

45 

31-4 

143 

2039 

500 

n 

49 

1*47 

2044 

600 

107 

71 

. 1*51 

2*051 

700 

151 

96 

157 

2 059 

800 

205 

126 

1‘63 

2-067 

900 

271 

139 

170 

2077 

1000 

350 

196'  , 

178 

2-086 

1100 

• 442 

238 

1'86 

2095 

1200 

i*6 

283 

1'90 

9*102 

1300 

661 

332 

l’99 

2107 

14(X) 

785 

3s3 

2 ‘04 

2 111 

1500 

916‘ 

442 

207 

2*113 

ibOO 

1051 

503 

209 

2*113 

1700 

1 IKO 

568 

208 

2-111 

1800 

1319 

636 

207 

2*108 

1.900 

1+47 

709 

2*04 

2*104 

2000 

1S69 

78ri 

200 

2098 

In  (he  first  col  mn  i<f  this  table  are  ronlamed  the  se- 
veral ve-locities  from  0 up  to  the  great  velocity  of  2000 
feet  per  sefc>nd  with  which  the  ball  or  globe  moved. 
In  the  2d  column  are  the  experimented  resistances,  in 
avoitdupois  ounces.  In  the  3d  column  are  the  correspon- 
dent rt*«is tenet's,  as  computi*d  by  the  fort*gtiing  theory, 
lathe  4th  column  are  the  ration «>(  ih(*se  two  resistances, 
or  the  quotients  of  the  former  divided  by  the  latter*  And 
in  the  wth  or  last,  the  indexes  of  the  power  of  the  velocity 


which  ii  proportional  to  ihc  experimented  rcaista»ce; 
which  are  found  by  comparing  the  resistance  of  20  feet 
velocity  with  each  of  the  following  ones. 

From  the  2d,  3d  and  4th  columns  it  appears,  that  at 
thv  beginning  of  the  motion,  the  experimented  resistance 
is  nearly  eqeiil  to  that  computed  by  theory  ; but  that,  as 
tbe  vefocity  increases,  ibe  experimented  resistance  gra- 
dually exceeds  the  other  more  and  more,  till  at  the  velo- 
city of  1300  feet  tbe  former  becomes  double  the  latter ; 
after  which,  the  difference  increases  a little  farther,  till  at 
the  velocity  of  lOOO  or  1700,  where  that  excess  is  the 
greatest,  and  is  rather  li'ss  than  2^9* 
difference  decreases  gradually  as  the  velocity  increases, 
and  at  the  velocity  of  2000,  the  former  resistance  again 
becomes  just  double  the  latter. 

From  (he  last  column  it  appears  that,  near  the  begin- 
ning, or  in  slow  motions,  the  resistances  are  nearly  as  (he 
square  of  the  veloctlies ; but  that  tbe  ratio  gradually  in- 
creoM-s,  with  some  small  variation,  till  at  the  velocity  of 
1500  or  1600  fi'Ct  it  becomes  as  the  2^  power  of  the  ve- 
locity nearly,  which  is  its  highest  ascent;  and  after  that 
it  gradually  decreases  again,  as  the  velocity  goes  higher. 
And  similar  conclusions  have  also  been  derived  from  cx- 
peritiicnrs  with  larger  balls  or  globes. 

And  hence  we  perceive  that  Mr.  Robins’s  positions  are 
erroneous  on  two  accounts,  vis,  both  in  stating  that  the 
resistance  changes  suddenly,  or  all  at  onci*,  from  being  as 
the  square  of  the  velocity,  so  as  then  to  become  as  some 
higher  and  constant  power;  and  also  when  he  stales  the 
resistance  as  rising  to  (be  height  of  three  times  that  which 
isgiveh  by  the  theory:  since  tbe  ratio  of  the  resistance 
both  fnereases  gradually  from  the  beginning,  and  yet  never 
ascends  higher  thanSrS^  of  the  theory. 


Table  III.  Re$i$tanct  ta  tt  Plane,  tei  at  various  Angles 
of  Inclination  to  its  Path. 


Aoitie  with  (be 
Pfttb. 

Kft.|>rniu.  Kc- 
IlMfttKCft. 

os. 

Hmim.  bjf  tiiM  , 

FuTTDulft. 

•«4i*^** 

Stncft  uf  tbe  An- 
gle* to  RfttLoft 

*aio. 

• 0° 

■000 

‘000 

•000 

5 

•015 

•009 

■073 

• 10 

•044 

•035 

•146 

J5 

•0i>2 

•07  « 

•217 

2o 

•133 

•131 

■987 

25 

•200  1 

■199 

*355 

30 

•278 

'278 

•420 

35 

' .-362 

•363 

•482 

40 

‘448 

•450 

•540 

45 

‘534 

•535 

•394 

50 

(h9 

•■613 

•643 

55 

-684 

* *680 

•6s8 

(iO 

-7'.’9 

•736 

•72- 

65 

■770  • 

•778 

•76*1 

70 

‘803 

•808 

■7«9 

75  . 

•823 

*82<» 

*81 1 

80 

■835 

•83C) 

•827 

65 

•839 

•839 

•838 

90, 

■840 

*840 

•8+0 

In  the  second  c<4umn  of  this  table  arc  contained  tbo 
actual  experiroentctl  resistances,  in  oqnces,  to  a plane  of 
32  square  inches,  or  ^ of  a square  foot,  moved  tfirough 
the  air  witli  a velocity  of  e.sacily  12  feet  per  second,  when 
the  plane  was  set  Mi  as  to  make,  with  the  direction  of  its 
.path,  the  corresponding  angles  in  (he  flrst  column. 

And  from  these  has  been  deduced  this  formula,  or 
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theorem,  vi*,  which  hring^ut  very  nearly  the 

»amc  numbers,  and  is  a genera!  iht^rem  for  every  angle,  for 
the  same  plane  of  | of  u foot,  and  moved  with  the  same 
velocity  of  l^fcriin  a ►econd  of  lime;  where  the  sine, 
and  c the  cosine  of  the  angles  of  inclination  in  the  first 
column. 

rf  a theorem  be  desired  for  any  other  velocity  r, 
and  any  other  plane  whose  area  is  a,  it  will  be  this: 

. . V*A1c  . , , i 04  l*»4«e  ...  , 

, or  more  nearly  » ; which  de- 

notes the  rcsistttitce  rw’urly  to  any  plane  surface  whose 
area  is  a,  mo%ed  through  llw  air  with  the  velocity  p,  in  a 
direction  making  wi^b  that  pUr>c  an  angle,  whose  sine  is 
if  and  cosine  c. 

If  it  be  water  or  any  otltcr  fluid,  different  from  air,  this 
formula  will  be  varied  in  proportion  to  the  density. 

Dy  this  theorem  were  computed  the  numbers  in  the  5d 
column  i which  it  is  evident  agree  very  i>early  with  the 
experiment  resisuinces  in  the  2d  column,  excepting  in  two 
or  three  of  the  small  numbers  near  the  beginning,  which 
arc  of  the  least  consequence.  In  all  other  cases,  the 
theorem  gives  the  true  resistance  very  nearly.  In  the  4th 
or  last  column  arc  entered  the  sines  of  the  angles  of  the 
first  column,  to  the  radius  *84,  in  order  to  compare  them 
with  the  resistances  in  the  other  columns.  Whence  it 
ap)M-ars,  that  those  resistance's  arc  not  always  proportional 
to  the  sines  of  the  angles,  nor  yet  lu  the  sc|uarc8  of  the 
sines,  nor  to  any  other  power  ol  them  whatever.  In  the 
beginning  of  the  columns,  the  sines  much  exceed  the  re- 
sistances all  the  way  (ill  the  angle  be  between  55  and  60 
degrees  ; after  which  (he  sines  arc  less  than  the  resistances 
ail  the  way  to  the  end,  or  till  the  angle  become  of  9^^  de- 
gree!*. 

Mr.  James  Urrnoulll  gave  some  theorems  fur  the  rc- 
sisianct's  of  ditTcrent  tigurrs,  in  the  Acta  Erud.  Lips,  for 
June  1693,  pa.  252  Ace*  But  as  these  arc  deduced  from 
theory  only,  which  we  find  to  be  so  diflrrcnt  from  expe- 
riment, they  cannot  be  of  mnch  use.  Messieurs  Euler, 
Dalembcrt,  Gravt'saiKle,  and  Simpson,  have  also  written 
retty  largely  on  the  theory  of  a’listances,  besides  what 
ad  bei'n  done  by  Newton.  Also  Mr.V’incc,  in  the  Philos. 
Trans,  an. 

Solid  of  Leasi  Rf.sistance.  Sir  Isaac  Newton,  from 
his  general  theory  of  re«.istaDCC,  deduces  the  figure  of  a 
solid  which  shall  have  the  least  resistance,  of  the  same 
base,  height,  and  content.  ' 


The  figure  is  this.  Suppose  dno  to  be  a curve  of  such 
a nature,  that  if  from  any  point  k the  ordinate  km  bo 
drawn  perpendicular  to  the  axis  ab  ; and  from  a given 
point  Q there  be  drawn  c a parallel  to  a tangent  at  a,  and 
meeting  the  axis  produced  in  a;  then  if  mk  be  to  or,  as 
OR^  to  4br  x bo*,  a solid  described  by  the  revolution  of 
this  figure  about  its  axis  ab,  moving  in  a medium  from  a 
towards  B,  is  li'ss  resisted  than  any  other  circular  solid  of 
the  same  base,  dec.  • « 

This  theorem,  which  Newton  gave  without  a demon- 
straiioD,bas  been  demonstrated  by  several  aatbcmaticians. 
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as  Facio,  Bernoulli,  Hospital,  dec.  See  Maclaurin's  Flux, 
sect.  606*  and  607  ; also  Horsley's  edit,  of  Newton,  vol. 
2,  p:».  390.  See  also  Act.  Hrud.  1699,  pa.  514;  and  Mem. 
de  1‘Acad.  dec;  ulso  Hubins’s  View  of  Newtons  method 
for  comparing  tbo  Resistance  of  Solids,  8vo,  1754;  and 
Simjmm's  Fluxions,  an.  413;  or  my  Principles  of  Bridges, 
in  my  Tracis,  prop.  15. 

M.  D^niguiT  has  resolved  this  problem  in  a very  general' 
manner : and  net  in  supposmg  the  solid  to  be  formed  by  the 
revolutions  of  any  figure  whatever.  'I'he  problem,  as  enun- 
ciatcil  and  resolved  by  M.  Bouguer,  is  this : any  base  be- 
ing  given,  to  finil  what  kind  of  solid  must  be  formed  upon 
it,  so  that  the  impulse  upon  it  may  be  the  least  possible. 
Properly  however  it  ought  to  be  the  reiardivc  force,  or 
the  impulse  divided  by  the  weight  or  moss  of  matter  in 
the  btnly,  that  ought  to  be  the  minimum. 

RESOLUTION,  in  Physics,  the  rcrluction  of  a body 
into  its  original  or  natural  slate,  by  a dissolution  or  sepa* 
ration  of  its  aggregated  parts.  Thus,  snow  and  ice  are 
said  (u  be  rt-solved  into  water;  water,  n'solves  in  vapour 
by  heat ; and  vapour  is  again  rrsidved  into  water  by  cold  f 
also  any  compound  is  resolved  into  its  ingredients,  &c. — 
Some  of  the  modern  philosophers,  particularly  Boyle, 
Marioltc,  Boerhaave,  die,  maintain,  that  the  natural  state 
of  water  is  to  be  congealed,  or  in  ice;  inasmuch  as  a cer- 
tain degrv'c  of  heat,  whici)  is  n fureigr^aiid  violent  agent, 
is  required  to  make  it  fluid : m>  that  near  the  pole,  where 
this  foreign  agent  is  wantiD;*,  it  constantly  retains  its  fixed 
or  icy  slate. 

Resolution,  nr  Solution,  in  Mathematics,  is  an 
orderly  enumeration  of  several  things  to  be  done,  to  ob- 
tain what  is  acquired  in  a problemf-— Wolfius  makes  a 
problem  to  consist  of  three  parts:  the  proposition  (or 
what  is  properly  called  the  problem),  the  resolution,  and 
the  dcmonstralton.  As  soon  as  a problem  is  demonstrated, 
it  is  cunvcricd  into  a theorem  ; of  which  the  resolution 
is  the  hypothesis;  amt  the  proposition  the  thesis.  For 
the  proecK  of  a raaibcniatical  resolution,  kc  the  follow- 
ing article. 

Resolution  in  Algebra,  or  Algebraical  Resolution, 
is  of  two  kinds ; the  one  praciiK'd  in  namerical  problems, 
the  other  in  geometrical  oiu*s. 

Im  Heaolting  a Stmerical  Problem  Algebraically,  the  me- 
thod is  this.  1st,  the  given  quantitic*  arc  distinguished 
from  those  that  arc  sought;  and  the  former  denoted  by 
the  initial  letters  of  the  alphabet,  but  the  latter  by  the  last 
letters. — 2d,  1 hen  as  many  equations  arc  formed  as  there 
are  unknown  quantities.  If  that  cannot  be  done  from 
the  proposition  or  data,  the  problem  is  indeterminate; 
ami  certain  arbitrary  assumptions  must  be  made,  to  sup 
ply  the  defect,  and  which  can  satisfy  the  question.  When 
the  equations  ar^  not  contained  in  the  problem  itself, 
they  arc  to  be  found  by  particular  theorems  concerning 
equations,  ratios,  proportions,  &c.— ^ince,  in  an  equation, 
the  known  and  unknown  quantities  arc  mixed  together, 
they  must  be  M'paratcd  in  such  a manner,  that  the  un- 
known one  remain  alone  on  one  side,  and  the  known  ones 
on  the  other.  This  reduction,  or  separation,  is  made  by 
addition,  subtraction,  multiplication#  division,  extraction 
of  roots,  an<l  raising  of  powers;  resolving  every  kind  of 
Combination  of  the  quantities,  by  their  counter  or  re- 
verse mu's,  and  performing  the  same  operation  on  all  the 
quamhics  or  terms,  on  both  sides  of  the  equation,  that 
tbe  equaliiy  may  still  be  preserved. 

To  J^ioke  a Geometrical  Problem  Algebraknlly,^lha 
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RES 

same  kiiui  of  oprralioiw  arc  to  bo  performed,  h%  in  the 
former  article;  besides  several  others,  that  depend  on  the 
naiuie  of  tlic  diagram,  and  geometrical  properties.  As 
•Jst,  iheibin,5r<*M^*f^^  or  proposed,  must  be  suppost'ddone, 
the  diagram  being  drawn  or  constructed  in  all  its  parts, 
both  known  and  unknown.  2.  We  must  then  examine  the 
geometrical  relations  which  the  lines  of  the  Jigure  have 
among  ihemseivcs,  without  regarding  whether  they  arc 
known  or  unknown,  to  Hml  what  equations  arise  from 
those  relations,  for  hmiing  the  unknown  quantities.  3.  It 
is  often  necessary  to  form  similar  triangles  and  rectangles, 
sometimes  by  pr^uciiigof  lines,  or  drawing  jrarallcU  and 
perpendiculars,  and  forming  equal  angles,  Jkc  ; till  equa- 
tions CBiebc  formed,  from  them,  including  both  the  known 
and  unknown  quaniilie*. 

If  we  do  not  lluis  arrive  at  proper  equations,  the  thing 
is  lo  be  tried  in  some  other  wa\.  And  somrlimes  the 
•thing  itself,  that  is  required,  is  not  lo  be  sought  directly, 
but  some  other  thing,  bearing  certain  relations  to  it,  by 
means  of  which  it  may  be  found. 

The  filial  equation  being  at  last  arrived  at,  the  j^oine- 
Irical  construction  is  to  be  deduced  from  it,  which  is  per- 
formed m various  ways  according  to  the  different  kinds  of 
equations.  See  AwAtTsls. 

Resolvtiom  «/  Forcer,  or  o/  .^Sotion,  is  the  resolving 
or  dividing  of  one  force,  or  motion,  into  seixral 
others,  ill  other,  oireclions,  but  which,  taken  together, 
shall  have  the  same  effect  as  tbu  single  one;  and  it  is 
the  reverse  of  the  composition  of  forces  or  motions.  &?e 
these  articles.  * 

An)’  single  direct  force  ap,  may  be 
resolved  into  two  oblique  forces,  whose 
quantities  and  directions  arc  ar,  ac, 
having  thesamo  effect, by  d^>scribingany 
parallelogram  abpc,  whose  diagonal 
is  AP.  And  each  of  these  may,  in  like 
manmr,  be  resuKed  into  two  others ; 
and  so  on,  as  far  as  we  pU^sc.  And  all  these  new  forces, 
or  motions,  so  found,  when  acting  logeth%'*r,  will  produce 
exactly  the  same  effect  as  tim  single  original  one.  Sec  also 
CuLLiaiOM,  Percussion,  Motion,  Cosi position,  Pa- 
RAXLP-i.OGRAM  and  Polygon  Forcei,  Arc. 

REST,  in  Physics,  the  continuance  of  a body  in  the 
same  place;  or  its  continual  applicalion  or  contiguity  lt> 
the  same  parts  of  the  ambient  and  contiguous  bodies. — 
Si-e  Space. 

Rest  is  either  Absolute  nr  Relative,  as  place  is. 

Some  define  Rest  to  be  the  stale  of  a thing  without  mo- 
tion ; and  hence  again  rest  becomes  either  absolute  or  re- 
futive,  as  motion  is. 

New  ton  dehnc'S  true  or  absolute  rest  lo  be  the  continu- 
ance of  R body  in  the  saint!  pari  of  absolute  and  immove- 
able space  ; and  relative  rest  to  be  the  continuance  of  a 
body  in  the  same  pxrtof  relative  space.  Thus,  in  a ship 
under  sail,  relative  rest  is  the  continuance  of  a body  in 
the  same  [»art  of  the  ship.  But  true  or  absolute  rest  is 
Its  conlinuancc  in  the  same  pan  of  universal  space  in 
which  the  ship  itself  is  contained.  . 

Hence,  if  the  earth  wen*  really  and  absolutely  at  r«t, 
the  body  relatively  at  rest  in  the  ship  would  rcaiiy  and 
absolutely  move,  and  that  with  the  same  velocity  as  the 
ship  itH’lf.  But  as  the  earth  also  moves,  there  arises  a teal 
and  absolute  motion  of  the  UkIv  ab  re's! ; partly  from  the 
real  motion  of  the  earth  in  altvolute  .-^pacc,  and  partly  from 
theMelative  iitolton  of  the  ship  on  ibe  sea.  Lastly,  if  the 


body  be  likewise  relatively  moved  in  the  ship,  its  real  rms- 
tion  will  arise  partly  from  the  real  motion  of  the  earth  in 
immoveable  space,  and  pertly  from  the  relative  inoiion  of 
tl>e  ship  on  the  sea,  and  of  the  body  in  the  ship. 

It  is  an  axiom  in  philosophy,  that  matter  is  indifTerent 
as  to  rest  or  motion.  Hence  Newton  lays  it  down,  as  a 
law  of  nature,  that  every  body  perseveres  in  its  slate,  either 
of  rest  or  uniform  motion,  except  so  far  as  it  is  diviurbtd 
by  external  causes.— The  Cartesians  assert,  that  firmness, 
hardness,  or  solidity  of  bodies,  consists  in  this,  that  their 
parts  are  at  rest  with  regard  to  each  other  ; and  thU  test 
they  establish  as  the  great  nexus,  or  principle  of  cohesion, 
by  which  the  parts  arc  connected  together.  On  -the  other 
hand,  they  make  tluidity  to  consist  in  a perpetual  motiun 
of  the  parts,  Ac.  But  the  Newtonian  philosophy  furnishes 
us  with  much  belter  solutions.— Maupertuis  asserts,  that 
when  bodies  arc  in  rquilibrio,  and  any  small  motion  Is 
impressed  on  them,  the  quantity  of  action  resulting  will 
be  the  least  possible.  This  he  calls  the  law  of  rest;  and 
from  this  law  he  deduces  the  fundamental  proposition  of 
statics.  Sec  Berlin  Mem.  tom. 2,  pa.294r.  And  from  the 
same  principle  too  he  deduces  the  laws  of  percussion. 

RESTMUTtON,  in  Physics,  the  returning  of  clastic 
bodies,  forcibly  bent,  to  their  natural  state;  by  soiiiu 
called  the  Motion  of  Restitution. 

RETARDATION,  in  Physics,  the  act  of  retarding, 
that  is,  of  delaying  the  motion  or  progress  of  a body,  or 
of  diminishing  its  velocity.— The  retardation  of  moving 
bodie.«  arises  from  two  great  causes,  the  resistance  of  the 
medium,  and  the  force  of  gravity. 

Retaudatiok /rom  the  Reeittance  is  often  confounded 
with  the  resistance  itself ; because,  with  respect  to  the  same 
moving  bo<ly,  they  are  in  the  same  proportion. 

But  wiri)  respect  to  different  bodies,  the  same  resistance 
often  gi-nerattf  ihfferenl  retardations.  For  if  bodies  of 
equal  bulk,  but  different  densities,  be  moved  through  the 
same  tluid  with  equni  velocity,  the  fluid  will  act  equally 
on  each  ; so  that  they  will  have  equal  resistances,  but 
different  retardations;  and  the  retardations  will  be  to  each 
other,  as  the  vdocities  which  might  be  gencrati»d  by  the 
same  forces  in  iho  bodies  proposed  ; that  is,  they  are  in- 
versely as  ihc  quantities  of  matter  in  the  bodies,  or  in- 
versely as  the  densities.  ' 

Suppose  then  bodies  of  equal  density,  but  of  umvpml 
bulk,  to  move  equally  fast  through  the  same  fluid  ; then 
their  resistances  increase  according  to  their  superficies, 
that  is  as  the  squares  of  their  diameters  ; but  the  quanti- 
ties of  matter  arc  increased  according  to  their  mass  or  mag- 
nitude, that  i$  as  the  cubes  of  their  diameters : thcreNi»t- 
ancev  are  the  quantities  of  motion  ; the  retardations  are 
the  celerities  arising  from  them;  and  dividing  the  quanti- 
ties of  moitun  by  the  quantities  of  mutter,  we  shall  have 
the  Celerities ; therefore  the  retardations  are  directly  as 
the  squares  of  the  diameters,  and  invcrsr  ly  as  the  cubtw 
of  the  diameters,  that  is  inversely  as  the  diameters  ihein- 
sclve*. 

If  the  bodies  be  of  equal  magnitude  and  density,  and 
moved  through  differei^t  fluids,  with  equal  celerity,  their 
retardations  are  as  the  densities  of  the  fluids.  And  when 
e<}ual  bodies  are  earned  through  iho  same  fluid  with 
different  velocities,  the  retardations  arc  as  the  squares  oT 
the  velocities. 

So*(hat,  if  s denote  the  superficies  of  a btnly,  to  its 
weight,  d its  diameter,  r the  velocity,  and  n (ke  density 
of  the  fluid  medium,  and  n that  of  the  body;  then,  in 
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•imiiar  bodies,  tbe  resistance  is  as  or  as  nd*v*,  aod  the 
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retardation,  or  retarding  force,  as  or  as 

TV  HETanDATioKyitMi  Gravt/y  is  peculiar  to  bodies 
projected  upwards.  For  a body  thrown  upwards  is  re* 
sardedafter  thesame  manner  asa  tailing  body  is  accelerated ; 
only  in  the  one  case  the  force  of  gmviiy  conspires  with  the 
motion  ac<)uire«i,  and  in  the  other  it  acta  contrary  to  it. 

As  tbe  force  of  grarity  is  uaiform,  the  retardaium  from 
that  cause  will  be  equal  in  equal  bmei.  And  hence,  as 
it  is  tbe  same  force  which  generates  motion  in  tbe  falling 
bo<iy,  and  ditnintsbes  it  in  the  rising  one,  a body  rises  till 
it  lose  all  Its  motion ; whicb  it  does  to  ibe  same  time  in 
which  a body  falling  would  have  acquired  a velocity  equal 
to  that  with  which  tbe  body  was  thrown  up. 

Also,  a body  thrown  up  will  rise  to  the  same  height 
from  whicb,  in  falling,  it  would  acquire  the  same  velocity 
with  which  it  was  thrown  up:  thcrefoie  the  heights  whicb 
bodies  can  rise  to,  when  thrown  up  with  different  ^dSci* 
tics,  arc  to  ebeb  other  as  the  squares  of  tbe  vdocitjes. 

Hence,  the  rclardalioDS  of  motions  may  be  compared 
together.  For  they*  arc,  hrs'l,  as  tbe  squares  of  Uic  velo- 
cities  ; Tdiy,  as  the  densities  of  the  fluiA  through  which 
tho  bodies  are  moved;  Sdly,  inveraely  u the  diameters 
of  those  bodies ; 4thly,  inversely  as  the  densities  of 
ihh  bodies  themselves ; as  expressed  by  the  theorem  above, 

TV  Louw  qf'RcTaaOATioa,  are  the  very  same  as  those 
fut  acceleration  ; motion  and  velecity  being  destroyed  io 
tbe  one  case,  in  tbe  very  same  quantity  and  proportioa  as 
they  are  generated  iii  the  ocher. 

kKTlCULA,  or  Rsticulk*  in  Astronomy,  a co«s« 
irivance  for  very  accurately  measuring  the  quantity  of 
eclipses,  dec.  This  instrument,  inUTxhioed  souse  j«an 
since  by  the  Paris  Acad,  of  Sciences,  is  a little  frame; 
consisting  of  13  fine  silken  threads,  parallel  to,  aad  eqai* 
distant  from  each  other;  placed  in  tbe  focus  of  object- 
glasses  of  telescopes ; that  is,  in  tbe  place  where  the  image 
of  ihc  laminary  is  painted  in  its  full  eatcuL  Comeqoemly 
tbe  diameter  of  the  sun  or  moon  » this  aeea  divide  into 
12  equal  parts  or  digits  : so  that,  to  dud  tbe  quantity  of 
the  eclipse,  Cbere  is  aqtbing  to  do  Vit  to  numbw  tbe  parts 
that  are  dark,  or  (hat  are  luminous, — As  a square  reticule 
is  only  pr<q>er  for  tbe  diameter  of  tbe  luminafy,  not  for 
the  circumVrmsce  of  it,  it  is  sometimes  made  circular,  by 
drawing  6 concentric  equidittamcircirs;  which  represents 
tbe  phase*  of  the  cdfpsc  pcrfcctly.«-&ut  it  is  evident  that 
Ibe  reticule,  wlielbcr  square  or  drcular,  ought  to  be  per- 
fectly equal  to  the  diameter  or  circutniercnce  of  the  sun 
or  sta^  such  os  it  a(ipcars  in  the  focus  of  the  glow;  other- 
wise iDc  division  cannot  be  just.  And  this  it  no  cosy 
matler  to  effect,  because  the  apparent  diameter  of  the  sun 
and  moon  difirm  in  each  eclipse  ; nay  that  of  the  moon 
differs  from  itself  in  the  progress  of  tV  same  eclipse.— 
Another  imperfection  in  tbe  relicuk*  is,  that  its  magnitude 
is  detrrnuaed  by  that  of  the  image  in  tbe  focus ; and  uf 
cunsequcftoe  it  will  only  fit  one  certain  magnitude. 

Rut  M.  Labile  has  found  a remedy  for  all  these  iiKon- 
veniences,  and  contrivod  that  the  tame  ivticulc!  shall  serve 
fur  oil  telracopcs,  and  all  mi^nitudes  uf  the  lumiupry  in 
the  some  eclipse.  The  principle  on  which  his  invention 
is  founded,  is,  that  two  object-glasses  applie«l  against  each 
i«(bcr,  having  a common  fiscus,  aad  these  forming  aa  image 
of  a certain  magnitude,  ibis  image  will  mcieUse  in  pn>- 
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portion  as  the  distance  between  (he  two  glasses  h in- 
creiiud,  ns  far  as  to  a certain  limit.  If  therefure  a reticule 
be  Ukrn  of  such  a*  magnitude,  as  just  to  comprehend  the 
greatest  diameter  tbe  sun  or  moon  can  ever  have  in  tbe 
common  focus  of  two  object-glasaea  applied  to  each  other, 
there  oetds  nothing  but  to  remove  (hem  from  each  other, 
as  (he  body  comes  to  have  a less  diameter,  to  have  the 
image  stfll  exactly  comprehended  in  tbe  same  reticule. 

Further,  as  ihe  silken  threads  are  subject  to  swerre  • 
from  (he  (Ntmllelism,  6<c,  by  (he  different  temperature  of 
tbe  air,  another  improvement  is,  to  make  the  reticule  of 
a thin  looking-glass,  by  drawing  lines  or  circles  upon  tt 
with  tbe  fine  point  of  a diamond.  See  MiCBOnarza. 

RKTIRED  Flaxk,  in  Foriifiaition.  See  Flawe. 

RETROCESSION  C'uriKt,  4rc.  Sec  Retbooka- 

DATIOX. 

RiTEOCcsaioK  qf  Mr  E^umor,  See  Paicsssiou. 
RETKOGRAUATION,  or  KETaocEEstioir,  in  Atlru- 
nooiy,  is  an  apparent  motion  of  (he  planets,  by  which 
they  seem  to  go  backwards  in  tbe  edijAie,  and  to  move 
contrary  to  the  order  or  succession  of  the  signs. 

Whua  a planet  moves  in  consequentia,  or  according  to 
the  order  of  tbe  dgns,  os  from  Aricu  to  Taurus,  from 
Taurus  to  Gemini,  dtc,  which  is  frum  west  to  east,  it  is 
said  to  bo  Dircc(^—»Wken  it  appears  for  tome  days  in  the 
same  place,  or  point  of  (be  bcaveni,  it  is  said  to  be  Sta- 
6onary.-^And  when  it  goes  in  aiMeccdenita,  or  backwards 
to  tbe  Air^ing  signs,  or  contrary  to  the  order  of  tbe  figru, 
which  U from  cast  to  west,  it  is  said  to  be  Retrograde. 
All  these  different  affections  or  circUnutances,  may  happ^ 
in  all  the  planets,  except  tbe  sun  sad  moon,  whicb  are 
seen  to  go  direct  oaly.  But  the  times  of  the  superior  and 
inierior  planets  being  retrograde  are  different ; the  former 
appearing  so  about  tbeir  opposition,  and  the  latter  about 
their  conjunctifm.  Tbe  vucrvaU  of  time  also  between  two 
retrugradations  of  (he  several  planets,  are  very  unequal. 

In  Herscfael  it  is  1 year  6 days, 

In  Saturn  • • 1 - - • 13 

In  Jupiter  • • 1 - • • 43 

la  Mart  - • -2-^-SO 
Id  Venus  - - | - 220 

la  Mercury  • • • • 115 

Again,  Herschcl  continues  retrograde  158  days,  Saturn 
140,  Jupiter  120,  Mars  73,  Venus  42,  and  Mercury  22 ; 
or  nearly  «q  ; lor  the  several  retrogradations  of  tbe  tamu 
planet  are  not  coostantly  equal. 

These  variout  circumstances  however  in  tbe  motion! 
of  the  planets  are  nut  real,  but  only  apparent ; as  the  in* 
equalities  arise  from  (be  motion  and  position  of  th« 
earih,  from  which  they  are  viewed;  for  when  they  are 
considered  as  seem  from  (be  sun,  (lieir  motions  appear  ak* 
ways  uniform  and  regular.  Tbeae  inequalities  are  thus 
explaim'd  : 

Let  a denote  the  tun ; and  abcd8cc  the  path  or  orbit 
of  the  earth,  moving  from  west  to  east,  and  in  that  or- 
der ; also  GE  &c  the  orbit  of  a stqierior  pUn^f*  at  Saturn 
for  instance,  moving  tbe  same  way,  or  in  the  direction 
OSLO,  but  with  a much  less  celerity  than  (be  earth's  mo- 
tion. Nuw  when  (be  earth  is  at  (he  point  a of  its  orbit, 
let  Saturn  be  at  g,  in  conjunction  with  (be  sun,  when 
it  will  bo  seen  at  r in  the  sodiac,  or  among  tbdsUrv;  and 
when  the  earth  has  rouved  from  a to  a,  let  Satom  have 
moveil  from  g to  n in  its  orbit,  when  it  wiH  be  seen  in  tbe 
line  BUQ,  and  will  appear  to  have  moved  from  2 to  q in 
the  sodiac ; alto  when  the  earth  has  got  to  e;  let  Stturn 
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be  arrived  at  but  fuOnd  at  a in  (he  audiac,  ndiera  being 
seen  in  the  line  ciR,  it  ap- 
pears stationary,  or  without 
motion  in  the  zodiac  at  r. 

But  after  this,  baiuni  wilt 
appear  for  »omc  time  in  rt‘- 
trogradation,  viz,  moving 
backwards,  or  the  contrary 
way  : for  when  the  earth  has 
moved  to  o,  this  planet  will  * 
have  got  to  k,  and,  being 
seen  in  the  line  Dxg,  will 
appear  to  have  moved  retro- 
grade in  the  zodiac  from  k 
to  q;  about  which  place  the 
planet,  ceasing  to  recede  any  ^ 

farther,  again  becomes  statiotmry,  and  afterwards  proceeds 
forward  again;  lor  while  the  earth  moves  from  n to  z,  and 
Saturn  from  k to  l,  the  laiier,  being  now  seen  in  the  line 
LLB,  appears  to  have  moved  forward  in  the  zmtiac  from 
Q to  R : and  so  on;  the  superiorplancu  always  becoming 
retrograde  a little  befoa-  ihiy  are  in  opposition  to  the 
sun,  and  continuing  so  till  some  time  after  the  opposition: 
the  retrograde  motion  being  swiftest  when  the  planet  is  in 
the  very  opposition  itself ; and  the  direct  motion  swiftest 
when  in  the  conjunction.  The  arch  hq,  which  the  planet 
describes  while  thus  retrograde,  is  called  the  arch  ot  re- 
tn^gradaiion.  These  arches  are  unequal  iu  all  the  planets, 
being  greaust  in  liic  most  distant,  and  gradually  less  in 
the  nearer  ones. 

‘ In  like  manner  may  be  shown  the  circumstances  of  the 
retrogradatiunv  of  the  inferior  planets;  by  which  it  will' 
appear,  that  they  become  stationary  a Imie  befoa*  their 
inferior  conjunction,  and  go  retrograde  till  a liillc  time 
after  it;  moving  the  quickest  retrograde  just  at  that  con- 
junction, and  the  quickwl  direct  just  at  the  superior  or 
further  conjunction. 

Hetrogradatior  of  the  Nodes  the  Moon,  is  a mo- 
tion of  (he  line  of  the  nodes  of  her  orbit,  by  whicli  it 
continually  shifts  iu  situation  from  east  to  west,  contrary 
to  the  order  of  the  signs,  completing  its  retrograde  circu- 
lation in  the  period  of  atxijl  IJ)  years:  after  which  time, 
either  of  the  nobles,  having  receded  from  any  pt»int  of  the 
ecliptic,  returns  to  the  same  again — Newton  has  demon- 
strated, in  bis  Principia,  that  the  Retrogrudation  of  the 
tniam's  nodes  is  caused  by  the  action  of  (he  sun,  which 
continually  drawing  this  planet  fn»m  her  orbit,  deflects 
this  orbit  from  a plane,  and  causes  its  imeruciion  with 
ibe  ecliptic  continually  to  vary;  and  his  dcU rminaiions 
ou  this  point  have  been  confirmed  by  obst'rvaiion. 

K ETRo(i  H A UATio X q/*  the  Sutt,  a motion  by  which  in 
some  situations,  in  the  torrid 
zone,  he  seems  to  move  re- 
trograde or  backwards.  When 
the  sun  is  in  the  torrid  zone, 
and  has  his  decliualion  a.m 
greater  than  the  latitude 
of  the  place  az,  but  cither 
northern  or  southern  us  that 
i»,  the  sun  will  appear  to  go 
retrograde,  or  backwards,  . 
both  before  and  after  nmin. 

For  draw  the  vertical  circle 
ZGR  b)  be  u tangent  to  the 
oun*s  diuriial  citde  ugu  in 


c,and  another  zoX’lhroagh  the  sun’s  rising,  at  o:  then 
it  is  evident,  that  all  the  iiiicrnirdiatc  vertical  circles  cut 
the  sun’s  diurnal  circle  twice;  first  in  the  arc  ou,  and  (he 
second  time  in  the  arc  oi.  bo  that,  as  the  sun  ascends 
through  the  arc  oo,  he  continually  arrives  at  fartlieraiid 
farther  verticals.  But  as  he  continues  his  ascent  through 
tbe  arc  or,  he  returns  lo  his  foruier  verticals;  and  there- 
fore is  seen  rctrogiade  for  some  time  before  noon.  And 
in  like  manner  it  may  be  shown  that  he  does  the  same 
tiling  for  some  time  after  noon.  Hence,  as  the  shadow 
always  tends  opposite  to  the  sun.  it  will  be  retrograde 
twice  every  day  in  all  places  of  the  torrid  zone,  where  the 
sun's  decliiiatiou  cxci'eds  Um:  latitude. 

Retruo RAi)^T(oN,or  Uetru6 REsft (OR » in  ihc Higher 
Geometry,  is  the  some  with  what  is  othcrwiac  called  Con- 
trary Flexion  or  Flexure  See  Flexure,  and  IxtLCxioK. 

RErROGKAl>E,  denoui  backward,  or  contrary  to 
the  lonvurd  or  natural  direction.  See  UEtkooUAUA- 
TIOR.  • 

RETROGRESSION,  or  Rltroccssion.  The  same 

with  irKTKor.RADATIOR. 

UKTUR NING  N/roAre,  in  Electricity,  is  an  e.vpression 
used  by  lord  Mation  (now  Karl  Stanhope)  to  denote  (he 
effect  produced  by  the  return  of  tbe  electric  fire  into  a 
body  from  wbich,  in  certain  circumstaucT.n,  it  has  bieik 
CXp^led. 

'I’o  umlerstnnd  properly  (he  meaning  of  tht'se  terms,  it 
must  be  premised  that,  according  to  the  noble  author’s 
experiments,  an  insulated  smooth  body,  iinnuTg<'d  within  • 
the  electrical  atmosphere,  but  beyond  (he  striking  distance 
of  another  body,  charged  positively,  is  at  tlie  same  time 
in  a scale  of  threefold  electneiiy.  1 he  end  next  to  the 
charged  body  acquires  nrgahvc  eleeiiicity ; ibe  farther 
end  is  positively  electrifliHl ; while  a certain  part  of  iho 
body,  somewhere  between  its  two  extft*raes,  is  in  a na- 
tural, uneleclrifit'd,  or  neutral  slate;  so  that  the  two  run- 
liaiy  electricities  balance  each  other.  It  may  futiher 
be  added,  that  if  the  body  be  not  insulated,  but  have  a 
cominuuicatiuD  with  the  earth,  the  whole  of  it  will  Ik*  in 
a negative  stale.  Suppose  then  u brass  ball,  which  may 
be  called  a,  lo  be  constantly  placed  at  the  sinking  i!i»- 
tanco  of  a prime  conductor ; so  that  the  condfctor,  t^e‘ 
instant  when  it  becomes  fully  chargeti,  cxpliKles  itiKi  it. 
Let  another  huge  or  second  conductor  be  suspended,  in  a 
perfectly  Insulated  state,  further  from  the  prime  conductoz 
than  the  sinking  distance,  but  within  its  electrical  atmo- 
sphere: let  a person  standing  on  an  instilab’d  stool  touclw 
this  H'cond  conductor  very  lightly  wiih  a fing<-r  of  bis 
right  hand  ; while  with  n finger  of  his  left  hand,  ho 
communicates  with  ihu  eai  th,  by  touching  very  light- 
ly a second  brass  ball  fixed  at  tbe  top  of  a mcullic 
siund,  on  ibe  floor,  which  may  bo  calli*<l  r.*  Now 
while  (he  prime  conductor  is  receiving  its  electricity,  • 
sparks  )>ii\s  (u(  least  if  (he  distance  be(w(*en  the  iwn  con- 
ductors is  not  t<K>  great)  from  the  second  conductor  to 
the  right  hand  of  the  >nsul.it<  d |mtsoii  ; whiic  siimlar  and 
siinulinneuus  sparks  pass  out  fioiu  the  finger  of  bts  lift 
hand  into  ihe  stcoiid  titeiuilic  ball  n,  ctrmmunicaimg 
with  the  earth.  At  length  however  the  prime  roinluctor, 
having  ncquiretl  its  full  charge,  suddenly  strikes  into  the 
bull  of  the  first  metallic  stand,  placid  fur  (bat  pur]H«>c 
at  the  striking  distance.  'Ibe  explosion  being  niaili*,  and 
the  prime  conduciur  suddenly  deprived  of  its  ebisiic  at- 
mosphere, Its  pressure  or  action  on  the  scxoml  coiniucior, 
and  on  the  insuluUd  person,  as  suddenly  ce;ucs  ; and  tha 
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latter  inManily  fed*  a smart  rctunitn;*  sir  ke,  though  he 
has  no  Jirret  nr  visible  commumcation  (except  hy  the 
floor)  ^vitb  either  of  the  two  botiics,  and  is  placed  at  the 
distance  of  5 or  6 fwt  from  boih  of  them.  This  return- 
ing stroke  is  evidently  occasioned  by  the  sudden  rr-rn- 
trance  of  the  eh-ctric  Hre  oaturnlly  brioiiging  to  his  body 
and  to  the  »eCoit<l  conductor*  winch  had  before  been  ex- 
pelled by  the  action  of  the  charged  prime  cunduclur  iifr- 
on  them ; and  which  returns  In  its  ^mm  r place  in  the 
instant  when  that  action  or  elastic  pressure  ceases.  Wbvn 
the  second  conductor  and  the  insulated  (person  arc  placed 
in  the  densest  part  of  the  rh'cirical  atmosphere  ofithu 
prime  conductor,  or  just  beyond  the  strikin'*  distance, 
tlieeifccls  are  still  more  considerable;  thereiurning  stroke 
bcin};  in  that  case  extremely  severe  and  pungent,  and  ap- 
pearing comhierably  sharper  than  even  the  mnm  stroke 
itself,  received  din*clly  from  the  prime  conductor.  Iu«rd 
Mahon  observes,  that  persons  and  animals  tray  l>c  de^ 
struyi'd,  and  particular  parts  of  buildings  may  be  much 
damaged,  by  an  electrical  retuniing  stroke,  occasioned 
even  by  some  very  distant  explosion  from  a thunder- 
cloud ; possibly  at  the  distance  of  h mile  or  more.  It  is 
certainly  not  diflicuit  to  conceive  that  a highly  charged 
thunder-cloud  must  be  pn»duclive  of  ellects  similar  to 
those  produced  by  the  prime  conductor;  but  perha|>s  the 
effects  are  nor  so  great,  nor  the  danger  so  terrible,  as  it 
sci'ins  have  bt>eo  apprehended.  It  thcqiinniily  of  electric 
fluid  naturally  contained,  for  example,  in  the  body  of  a 
man,  were  immense  or  indefinite,  then  the  estiiniitc  be- 
tween the  efT'Cts  prodnciLle  by  a cloud,  and  ih«^se  caust-il 
by  a prime  conductor,  might  be  admitted  ; but  sundy  no 
electrical  cloud  can  expel  from  a l>ody  more  than  the  na- 
tural quantity  of  electricity  which  it  contain*.  On  the 
sudd<‘ii  removal  therefore  of  the  pressure  by  which  this 
natural  quantity  had  been  expcdlixl,  in  consc-qurncc  of 
the  exphwlon  of  ibe  chiud  into  the  earth,  no  more  (at  the 
utmost)  than  the  whole  natural  stock  of  electricity  can 
re-enter  his  body,  provided  it  be  so  situated,  that  the  re- 
turning fire  of  other  bodies  must  m'cessarily  pass  through 
his  body.  But  perhaps  we  have  no  reason  to  suppose  that 
this  quantity  is  so  great,  as  that  its  sudden  rc-entrance 
into  his  bo«ly  should  destroy  or  injure  him. 

Allowing  thenTorc  the  existence  of  the  returning  stroke, 
as  sufficiently  ascertained,  and  well  illustrated,,  in  a va- 
riety of  circumstances,  by  the  authors  experiments,  the 
magnitude  and  Hunger  of  it  do  not  seem  to  be  so  alarm- 
ing as  he  apprehends.  See  Lord  Mahon’s  Principles  of 
tUrctricity,  &c.  4to.  1779,  113,  and  131.  Also 

Monthly  Rcvli  vr,  vol.  6*2,  pn.  436. 

RKvERSlON  in  .dvi.vuiries,  or  Reveni^nary  Payments^ 
arc  payments  that  arc  not  to  be  made  till  after  some 
stated  period;  being  thus  distinguished  from  payments 
that  arc  to  be  made  immediau-ly. 

Reversions  arc  cither  certain,  or  contingent : of  the 
former  kind,  are  all  sums  payable  after  n certain  number 
of  years,  or  any  oth(  r lixed  and  determinate  period  of 
time,  as  also  on  the  extinction  of  any  lives.  Ami  of  the 
latter  sort,  are  all  such  reversions  as  depend  on  any  con- 
tingency ; and  particularly  the  survivorship  of  any  lives 
beyond,  or  after,  others.  See  the  articles  AssCaAMCE, 
ANxutTiEs,  Live  AavuiTies,  and  Suavivoaviiii*. 

Keveusiok  of  .Series,  in  Algebra,  it  the  Bnding  the 
value  of  the  root,  or  unknown  quantity,  whose  powers 
enter  the  terms  of  an  infinite  series,  by  means  of  another 
inBnite  series  in  which  it  is  not  contained.  As,  in  the 


infinite  seru*s  t = or  -i-  fir*  -v  er*  *♦-  rfi*  Sea  llien  if 
there  iiiurid  r = 12  n:^  cr*  Ac,  that  m-rifs  is  re- 

verted, or  its  ru<  t x is  found  in  an  intinite  senes  of  other 
terms. 

This  W8S  one  of  Newton’s  improvements  in  analysis, 
the  first  spt-rimen  of  which  woi  given  In  b»  .\nal)nis  per 
Avquaiiimrs  Nuniero  Ternnnorum  lofiniiBs:  and  it  is  of 
great  use  in  resolving  many  problems  in  various  parts  of 
the  mathematics. 

The  most  usual  and  general  way  of  reversion,  i.i  to  as- 
sume a siTies,  of  a pm|wr  form,  for  the  value  of  the  re- 
quired unknown  quantity  : then  *>ub5iiiute  the  powers  of 
this  value,  insU'ad  of  those  of  that  i|uantity  into  the  given 
series;  lastly  compare  the  resulting  terms  with  the  said 
given  scries,  and  the  values  <*f  the  assumed  roefficlents 
will  thus  be  obtaiiud.  So,  to  revert  the  srrics  : z= 

•h  bx*  &c,  or  to  find  the  value  of  x in  terms  of  z ; 

assume  it  thus,  x =s  -*•  nt*  -♦-  ct*  Ac;  then  by  in- 
volving this  smiw,  for  the  several  powers  of  x,  and  mul- 
tiplymg  the  corresponding  powers  by  a,  b,  c,  Ac,  ‘there  re- 
sulis 

s = QAZ  -t-  «|U*  ocj'  •*’  oo»*,  Ac. 

•h  6a*4*  ^ SA.vBa*  ^ 

6bV 

CaV  -t-  3CA*Bt* 

-4-  (/aV 

I’lirn  by  comparing  the  corresponding  terms  of  ibis  Iasi 
series,  or  making  their  coefficients  equal,  there  arc  ob- 
tainetl  these  equations,  vix, 

<]A  = I,  and  as  6a*  = 0,  and  ec  -4-  J6ab  ca*=  0, 
Ac,  which  give  these  values  of  the  atsumed  coefficients, 
t»*  #■ 


a/*C  + (o'  + 8rs*t  rfA* 


— jP  — iiV 



&c.  consequently 

V**  — «r  , Saif  — si*  . 


Ac. 


which  is  therefore  a general  formula  orlht*orem  for  every 
aeries  of  the  same  kind,  as  to  the  powere  of  the  quantity  x. 
Thus,  for 

Ex.  Suppose  it  were  required  to  revert  the  series 
* = X — X*  -4-  X*  — j4,  Ac. 

Here  a = 1,  6 =a  — I,  c =s  1,  ^ — 1,  Ac;  which 

values  of  these  letters  being  substituted  in  the  theorem, 
there  results  r a -►  x*  -+-  z’  Ac,  which  is  that 
aeries  reverted,  or  the\alue  of  x in  it. 

In  the  same  way  it  will  be  found  that  the  theorem  for 
reverting  the  series 
X = ax  6x^  -4-  cx’  dxf  Ac,  is 


9&i  • or 


«*d  + 1S4*  — a«4r 


■,  Ac. 


Various  melbods  of  reversion  may  be  Kvm  as  given  bv 
De  Moivrein  the  Philos.  Trans.  No.  240;  or  Maclaurins 
Algebra  pa.  263 ; or  .Stuart's  explanation  of  Newton’s 
Analysis,  Ac.  pa.  455;  nr  Colson's  Comment  on  Netvtot|'s 
Flux.  pa.  219;  or  Horsley's  ed.  of  Newton’s  works  vol.  I, 
pa.  291  ; or  Simpson’s  Flux.  vol.  2,  ps.  302 : or  most  au- 
thors on  algebra. 

REVETEMENT,  to  Fortification,  a strong  wall  built 
on  the  ouutdc  of  the  rampart  and  parapet,  to  support  the 
earth,  and  prevent  its  rolling  Into  the  ditch. 

REVOLUTION,  in  Geometry,  the  motion  of  rotation 
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of  ft  Uue  ftbout  ft  fixed  point  or  centre,  or  of  ony  %nre 
ftbout  a fixed  axis,  or  upon  any  line  of  turtacc.  Thu»t 
tbc  revolution  of  ft  givi-u  lim*  about  a fixc<l  cmirc,  gene* 
rates  a circle;  and  that  of  a right  ungled  inungle  about 
one  side,  fts  an  axil,  generates  a cone ; timl  that  of  a semi* 
circle  about  its  diameter,  generates  a splien*or  globe,  &c. 

Revolution,  in  Astronomy,  is  the  peiiud  of  a star, 
planet,  or  comet,  Ac  ; or  its  course  from  any  pinnt  of  its 
orbit,  till  it  return  to  the  same  again. 

Thcplaitets  have  a twof^dd  revolution.  Thu  one  about 
tbeirown  axes,  usually  called  their  diurnal  rotation,  which 
constitutes  their  day.  I he  other  about  the  sun,  called 
their  annual  revolution,  or  period,  comiilutinglbeir  year. 

UEYKEAU  (Chakles-Ken c),  commonly  called  fa- 
ther Reyncau,  a noted  French  mathematician,  was  born  at 
Brissac  in  the  province  of  Anjou,  in  the  year  1()56*.  At 
20  years  of  age  he  entered  himself  among  the  Oratorians, 
a kind  of  religious  order,  in  ahich  the  members  lived  in 
community  without  making  any  vows,  and  applied  them- 
selves chiefly  to  tbc  education  of  youth.  He  was  soon 
after  sent,  by  his  superiors,  to  teach  philosophy  at  Pezenas, 
and  then  at  Tuulon.  This  ret|oiring  some  acquaintance 
with  geometry,  kacootracled  a great  afleciioii  for  that 
science,  which  he  cultivated  and  improved  to  a great  ex- 
tent ; in  consrqooacc  bo  was  caUe<l  to  Angers  in  to 

fill  the  mathcmatkal  chair;  and  the  Acatlemy  of  Angers 
elected  him  a member  in  l604. 

In  this  occupalioa  father  Reyoeau,  not  content  with 
makinghimsclfmaster  of  every  thing  worth  knowing,  which 
the  modem  analysis,  to  fruitful  in  sublime  speculations 
and  ingenious  discoveries,  bad  already  produced,  under- 
took to  reduce  into  one  b^y,  for  the  use  of  his  scholars, 
the  principal  theories  scattered  about  in  Newton,  Des- 
cartes, Ixibnilz,  Bernoulli,  the  Lcipsic  Acts,  the  Memoirs 
of  the  Paris  Academy,  and  in  other  works  ; treasures  which 
by  being  so  widely  dispersed,  proved  much  less  useful  than 
they  otherwise  might  have  been.  The  fruit  of  this  under- 
taking, was  his  Analyitt  Demontr^e,  or  Analysis  Demon- 
strated, which  he  published  in2  volumes  4to,  1708. 

Reyncau,  alter  thus  giving  lessons  to  thfvve  who  undor- 
tlood  something  of  geometry,  thought  proper  to  compose 
a work  also  for  such  as  were  utterly  unacquainted  with 
that  science,  'fliis  was  in  some  measure  a condescension 
in  him,  hut  bis  pussion  to  be  useful  made  it  easy  and  ugrve- 
able.  Accordingly,  in  1714  be  piiblisbed  a UHeful  vo- 
lume in  He  on  calculation,  under  tbc  title  of  bcicuce  da 
Calcul  (U*s  Grandeurs. 

As  soon  as  (he  Royal  Academy  of  Sciences  at  Paris,  in 
consequence  of  a regulatKio  made  in  the  year  17  ifi,  opened 
itsdoois  to  other  learned  men,  under  ibc  title  of  Free  Asso- 
ciates, faih<  r Ucynrau  was  udmitted  of  the  number.  The 
works  however  which  we  Imve  already  mentioned,  besides 
a small  piece  upon  l'»gic,  are  the  only  ones  he  ever  pub- 
lished, or  probably  ever  compoM.‘rl,  except  moat  of  the  ma- 
feriaU  for  a second  volume  of  hiis  Science  du  Calcul, 
which  he  left  liebind  him  in  manuscript,  'fhe  last  years 
of  hU  Ufc  were  liUeuilcvl  with  loo  much  sickmss  to  ^mil 
of  any  cxtraocdiuaiy  applkatiou.  He  died  in  l7'.lh,  at 
72  years  of  age,  uot  ruort  regreUed  oa  acceunt  of  his 
great  learning,  than  of  hU  many  virtues,  which  all  con- 
spired ID  an  eminent  degree  to  make  that  learning  tgree- 
to  iboao  about  hiia»  and  useful  to  the  world.  The 
fint  asaa  Ue  France  deemed  it  aa  honour  and  a faappineoa 
to  couat  kicD  amoDg  their  frieodsk  Of  ihie  number  were 
the  chaactUar  af  that  kiogdvMD,  and  father  Mallebranche, 
of  wiioin  Reyncau  was  a zealous  and  faithful  disciple. 


RHABDOLOGY,  or  Rabdoloot,  in  Arithmetic,  a 
name  given  by  Napier  to  a method  of  performing  some  of 
(he  more  difficult  opt  rations  of  numbers  by  means  of  cer- 
tain square  little  nvdv  Upon  these  are  inscribed  the 
simph  numbers)  then  by  shifting  them  according  to  cer- 
tain rules,  those  (.peraitons  an  |M.‘rt(>rined  by  simply  add- 
ing or  sulitrartmg  the  iiumlirrs  as  they  stand  upon  the 
rods.  See  Napiers  Habdulo^iu,  printed  in  16'17.  Set* 
also  the  article  N Am. ft's  bonea. 

RHEO-STATICS,  i»  used  by  aomefor  the  statics, or  the 
science  of  the  equilibnum  of  Huids. 

RHETICUS  (George  Joachim),  a noted  German 
astronomer  and  matbematician,  who  wu>  the  colleague  of 
Heinhold  in  tbeuaiveraity  of  Wiltemberg,  being  joint  pro- 
fessors of  mallicmatics  (here  logeiber.  He  was  born  at 
Feidkirk  In  Tyrol  the  I5tb  of  February  1514.  After 
studying  the  elements  of  tue  mathctnutics  at  Zurich  with 
Oswald  Mycone,  he  went  to  Wiltemberg,  where  he  dili- 
gently cultivated  that  science.  Here  he  was  a>adc  master 
of  philosophy  in  1533,  and  professor  in  1537.  He  quitted 
this  situation  however  two  years  alter,  and  went  to  Fruen- 
burg  to  put  himself  under  the  assistance  ut  the  celi-1)raU*d 
Copernicus,  bi'ing  induced  to  this  step  by  bis  teal  fur 
astronomical  pursuits,  nnd  the  great  fame  which  Coperni- 
cus bad  then  acquired.  Rheticus  assisted  this  nstroDomer 
for  some  years,  and  constantly  exhorted  him  to  perfect 
his  work,  Dc  Kevolutionibus,  which  he  published  alter  ibo 
death  of  Copernicus,  vie,  in  1543,  folio,  at  Norimbcrg, 
together  with  an  illustration  of  the  s.iinc  in  a narration, 
d^icated  to  Sclioner.  Here  too,  to  render  astronomical 
calculations  more  accurate,  be  began  his  very  elabornie 
canon  of  sines,  tangents,  and  secants,  to  ) 5 places  of  fi- 
gures, and  to  every  10  seconds  of  tbc  quadrant,  a design 
which  he  did  not  live  quite  long  enough  to  completa.  'J'hc 
Canon  of  sines  however  to  that  radius,  for  every  10  stconds, 
and  for  every  single  second  in  the  tint  and  last  degree  of 
the  quadrant,  cnmputi-d  by  him,  was  ptiblUlied  in  folio  nt 
Franefort  l6l3  by  Pitivcus,  who  himself  added  a few  «*f 
the  first  sines  computed  to  22  places  *>f  figures.  But  the 
larger  work,  or  canon  of  sines,  tangent*,  and  secants,  to 
every  10  seconds,  was  finished  and  pubfisbed  after  his 
death,  viz,  in  1596,  by  his  disciple  Valentine  Otho,  ma- 
thematician to  the  electoral  prince  Palaiiive;  a particular 
accouiu  and  analysis  of  which  work  may  be  seen  in  thu 
Historical  Introduction  to  my  Loguriihms. 

After  the  death  of  Copernicus,  Rheticus  returned  to 
Wittembrrg,  via,  in  1541  or  1542,  and  was  again  admit- 
t«d  to  Ivia  offic*  of  professor  of  rvialhematics.  The  same 
year,  by  the  rocommendutmn  of  Melancthon,  he  went  lr> 
Norimberg,  where  ha  found  certain  manuscripts  of  >Verner 
and  Regiomontanus.  He  afierwards  taught  mathematics 
at  I eipsic.  From  Saxony  he  departed  a siHrond  lime,  for 
what  reason  is  not  known,  and  went  to  Poland  ; and  from 
thence  to  Camovia  in  Hungary,  where  he  died  December 
the  4tb,  1576,  at  nearly  65  year*  of  age. 

His  Narratio  dc  Libris  Revolutionum  Co)>eTnici,  wai 
first  published  at  Gedunum  m 4to,  1540  ; and  afterwards 
added  llic  e«l)tions  of  Copernicus's  work.  He  also 
compoacd  and  publisheti  F.phimeridrs,  according  to  the 
doctrine  of  Copernicus,  till  the  year  1551. 

Rheticus  a)^  projected  other  works,  of  various  kinds, 
nstroDomicml,  oMrologiral,  geographical,  chemical,  Ac,  and 
partly  executed  them,  though  they  were  never  published, 
which  arc  more  particularly  menfioned  io  hit  letter  to 
Pelcr  Ramus  in  lb«  yvur  1568,  which  Adrian  Romanut 
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insfYteJ  in  the  prcftce  to  the  tint  part  of  fail  Idea  of  M»* 
ihcmiitics. 

RHOMB  Solid,  coo»tsisof  two  equal  ami  right  conet 
joined  togoiher  xt  their  bases. 

RHtMiU  >111,  or  Riiumboiois,  in  Geometry,  a qua- 
drilateral li;tun‘,  wh'MT  opp<isilc  iidet  and  angles  areequ>tl ; 
but  which  IS  miiher  equilateral  nur  equiangular. 

RHOMUUd,  IS  an  oblique  ef{UilBieral  parallelogram; 
or  a quaiiulateral  6gure,  wbus(>tidr»  are  equal  and  paral- 
lel, but  the  four  angles  i>ut  all  equal,  two  of  the  opposite 
ones  being  oblute,  and  llio  other  two  opposite  ones  acute. 
The  two  diagonals  of  a rhombus  iiUcrM^ct  at  right  angiet. 
As  to  the  artw  of  the  rhombus  or  rbomboidrs,  it  U found, 
like  that  of  all  otber  parallelograms,  by  multiplying  the 
length  or  base  by  the  ^rpcndicular  breadth. 

bee  RnosiB-Sbii'd.  \ 

RHUMB,  or  Hdmb,  in  Navigation,  a vertical  circle 
of  any  given  place;  or  the  Inlciwctioii  of  a part  of  such 
a circle  with  the  horiaon.  Rhumbs  tbervfofe  coinriik 
with  the  points  of  the  boriaon.  And  heoce  mariners  dis- 
tinguish the  rhumbs  by  the  same  names  as  the  points  and 
winds.  But  wr  may  observe,  that  the  rhumbs  are  deno- 
minated from  the  points  of  the  cumpnss  ia  a different 
manner  from  the  winds : thus,  at  sea,  the  north-cast 
wind  is  that  which  blows  from  the  north-east  point  of  the 
horison  towards  ibe  sliip  in  which  we  are;  but  we  are 
said  to  sail  upon  the  north-east  rhumb,  when  we  go  to- 
wards (he  north-east. ~They  usually  reckon  3^  rhumbs, 
which  are  represented  by  ihc  32  lines  in  (he  rose  or  card 
of  the  conquus. 

Aubin  dt'hncs  a rhumb  to  be  a line  on  th^  terrestrial 
globe,  or  sea-coinpaae,  or  sea-chart,  representing  one  of 
tiic  32  winds  which  serve  to  conduct  a vessel.  So  that 
(be  rhumb  a vessel  pursues  is  conceived  as  its  route,  or 
cou  ric. 

Rhumbs  arc  divided  and  subdivided  like  points  of  the 
compass.  Thus,  ibe  whole  rhumb  answers  to  the  cardinal 
poinL  'I’be  half  rhumb  to  a collateral  point,  or  makes 
nn  angle  of  45  degrees  wiib  (he  former.  And  tbc  quarter 
rbumb  niskm  an  angle  of  22^  30'  with  it.  Also  the  hall- 
quarter  rhumb  makK.4  an  angle  of  11^  15'  with  the  same. 

For  a table  of  the  rhumbs,  or  points,  and  their  dis- 
tances from  the  meridian,  see  Wind. 

RiiUMa-Ua  e,  Lo/odrouiM,  in  Navigation,  is  aline 
prolonged  from  any  point  of  the  compass  in  a nautical 
chart,  except  the  tour  cardinal  points : or  it  is  the  line 
which  a ship,  keeping  in  (be  tame  collateral  point,  or 
rhumb,  describes  throughout  its  whole  course;  being  de- 
rived from  a Portuguese  word* 

Tbc  chief  property  of  (he  rhumb-line,  or  loxodroraia, 
and  that  from  which  some  authors  define  it,  »,  that  it 
cuts  all  the  meridians  in  tbe  same  angle.  This  angle  is 
called  the  Angle  of  the  Rhumb,  or  the  Loxodromic  angle. 
And  tbe  angic-whicb  the  rhumb-line  makes  with  any  pa- 
rallel to  the  equator,  is  called  (be  Complement  of  the 
Rhumb* 

Q An  idea  of  the  origin  and  properties  of  the  rhumb-line, 
the  great  foundation  of  navigation,  may  be  roiiccvved 
thus:  A vessel  beginning  its  course, the  wind  by  which  it 
is  driven  mal\rs  a certain  angle  with  Mie  meridian  of  the 
place ; and  as  wc  shall  suppose  that  the  vessel  runs  ex- 
actly in  tbe  direction  of  the  wind,  it  makes  the  same  angle 
with  tbe  meridian  which  the  wind  makes.  Supposing 
theo  the  wiud  to  continue  the  same,  as  each  point  or 
lo^aat  of  tbc  pfogresa  may  be  esteemed  the  bi'giuauig,  die 


vessel  always  makes  tbe  same  angle  with  .the  meridian  of 
the  place  whert-it  it  each  moment,  or  in  each  point  of  its 
course  which  the  wind  makrs. — Now  awmd,  for  e.xample, 
that  is  north-ca^t,  aixl  which  cimiequently  makes  an  angle 
of  45  degrees  with  the  meridian,  is  equally  north-east 
wherever  it  blows,  and  nmkrs  ihe  Mmeahgle  of  45  degrees 
with  all  the  meridians  it  m eel*.  And  therefore  a vessel, 
driven  by  the  same  wind,  always  makes  the  sume  angle 
with  all  the  mendians  it  nie{-i>  wiih  on  the  surface  of  the 
earth.  If  tbe  vessel  sail  north  or  south,' it  drM'ribes  the 
great  circle  of  a meridian.  Jf  it  runs  I'ast  or  we>r.  it  cuts 
all  tbe  meridians  at  right  angles,  and  de»rnbe»  either  the 
circle  of  (be  equator,  or  else  a circle  parallel  to  it.  But 
if  the  Vessel  sails  bcrweeii  ihr  two,  it  dues  not  then  describe 
a circle;  since  a circle,  drawa  obliquely  to  a nteridian, 
would  cut  all  tbe  meridians  al.uoequal  angh'S,  which  tbe 
vesM-l  canpoi  do.  It  deseribosthercforeapaiticular  curve, 
(he  esseotial  property  of  which  ri,  that  it  cuts  all  the  me- 
ridians in  the  same  angle,  and  it  is  called  tbe  Loxodromy, 
or  I*oxodromic  Curve,  or  Rhumb-line. 

This  cune,  on  (he  globe,  is  a kind  of  spiral,  tending 
continually  nearer  and  ncRrerto  the  |k)Ic,  and  making  an 
infinite  number  of  circumvolutions  about  it,  without  ever 
arriving  exactly  at  it.  But  the  spiral  rhumbs  on  the  globe 
become  proportional  spirals  in  the  stercograpkic  projection 
on  the  plane  of  tbc  equator.  The  length  ol  a p.*irl  of  this 
rhumb-lino,  or  spiral,  then,  is  the  distance  run  by  (be 
ship  w hile  she  keeps  in  the  same  course.  But  as  such  a 
spiral  line  would  prove  very  perplexing  in  the  calculation, 
it  WM  neceseary  to  have  (he  ship's  way  in  a right  litre; 
which  right  lirse  however  must  haW  the  esi4‘ntial  proper- 
ties of  the  curve,  vii,  to  cut  all  the  meridians  at  nglic 
angles.  The  method  of  effecting  which,  see  under  the 
article  Ch  A BT. 

The  arc  of  tbc  rhumb-line  is  not  the  shortest  distance 
between  any  two  places  through  which  il  passes  ; fur  (bo 
shortest  distance,  on  tbe  surface  of  the  globe, is  an  arc  of 
(he  great  circle  passing  through  those  places;  so  that  il 
would  be  a shorter  course  to  sail  on  (be  arc  of  (his  great 
circle  : but  the  ship  cannot  be  kept  in  a great  circle,  be- 
cause the  angle  it  makes  with  the  meridians  is  continually 
varying,  mure  or  less. 

Let  r be  the  pole,  but  the  equator, 

ABCDBr  a spiral  rhumb,  divided  into 
an  indefinite  number  uf  equal  parts 
at  Ihc  points  a,  c,  d,  5cc;  through 
which  are  drawn  ibe  meridians,  pv, 

PT,  pr,  dec,  and  tkeparailrls  pb,  kc, 

LD,  dec,  also  draw  tbe  paralk-l  an. 

Then,  as  a ship  mi  Is  aloiq>  the  rhumb- 
line Ibwards  tbe  poh%  or  in  the  direc- 
tion aBcd  dee,  from  a to  b,  the 
Unce  sailefl  ae  is  made  up  nf  all  (he 
small  equal  parts  of  the  rhumb  ab  -e 
BC  -1-  cn  -*•  PR  ; and 
the  sum  of  all  the  small  difiercnc\‘s  of  latitude  A?  to 
CK  -»•  Di  make  up  the  whole  diflermcrof  latitude  aw 
or  BN  ; and  the  sum  of  all  the  small  parallels  pb  -f-  DC  -h 
HD  iR  is  what  is  called  tbc  departure  in  plant-  failing ; 
Mid  MR  M the  meriduHial  diaUiice,  or  distance  between 
tbc  first  and  last  mernlians,  measurt-d  on  the  hist  parallel ; 
abo  Bw  is  (he  difference  of  longitude,  mrmured  on  the 
equator.  So  that  these  hist  three  are  all  different,  vht,  tbD 
dspiMutw,  (be  roaridioiNil  diatance,  tad  the  difference  of 
Imigiloda. 
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If  the  febip  tail  towards  the  ei^uator,  from  s to  a;  the 
Jt  parture,  difference  i»f  Utilude,  and  dirtrrence  of  longi- 
tude, will  be  all  three  the  wmie  as  beforv;  but  i!m’  meri* 
diuiul  diiiance  will  then  be  a:«,  HUtead  of  xiK;  the  one 
of  which  AS  being  greater  than  the  departure  >'H  oc 
^ H D iCt  and  the  other  me  le»»  (ban  the  same;  and 
indeed  that  departure  is  nearly  a mean  proportional  be- 
tween the  two  meridional  disiana's  mf,  ak.  Uihcr  pru- 
piTlics  are  u below. 

1.  All  the  small  elementary  triangles  a nr,  aco,  enn, 
k'vc,  are  mutually  smular  and  equal  in  all  their  part». 
For  all  the  angles  at  a.  o,  c.  u,  &c  ntv  equal,  Uing  the. 
angles  which  the  rhumb  makes  with  the  mcridiaiis,  tir  tlie 
angles  of  the  course;  also  all  the  angles  r,  o,  it.  i,  are 
equal,  being  right  angles;,  therefore  the  third  angles  are 
equal, and  tbetnanglesallairailar.  Also  the  byp«Hhenuses 
AS,  BC,  CD,  A;c,  arc  all  e<|Ual  by  the  hypothesis;  and  con- 
sequently the  iriangU's  are  both  simTlar  and  equal. 

2.  As  radiui  : distance  run  ae 

: : sine  of  course  Z.  a : departure  fb  GC  Ac, 

: : cosIn.  of  course  ^ a : dif.  of  lat-  am* 

For  111  any  one  aef  of  the  equal  elenH’iitary  triangles, 
which  may  be  considered  as  small  riglit-anghHl  plane  tri- 
angli  s,  it  i»,  as  rad.  or  sin.  Z.  f : sin.  course  a : : a a : l a 
: : (by  composition)  the  sum  of  all  the  distances  ab  -e 
EC  -e  CD  : (he  sum  of  all  the  dqsartures  ra  -e  GC  *e- 
HD 

And,  ill  like  manner,  as  radius  : cus.  course  : : ar  : 
af  : : A a -e  nc  Ac  : af  -+-  eg  &c. 

Ilcncc.  cf  tluM?  four  things,  the  course,  the  diliVience 
of  latitude,  the  depariure,  an<l  the  distance  ran,  basing 
any  two  gis'cn,  the  other  two  are  found  by  tnu  proportions 
above  in  this  article. 

By  means  of  the  departure,  the  length  of  the  rhumb, 
or  distance  rim,  may  conm'Cted  with  the  longitude  and 
latitude,  by  the  following  two  ibi*orcn)s. 

S.  As  radius  : half  the  sum  of  the  cosines  of  both  the 
latitudi*$,  of  A and  t : : dif*  of  lung,  kw  : departure. 

Because  ks  : ib  : ; radius  : sine  of  ?a  or  cus.  ba, 
and  vw  ; if.  ; : radius  : sine  of  pe  or  cos.  sw. 

4.  As  radius  : cos.  middle  lalifude  : : dif.  of  longitude  : 
departure. — For  the  cosine  of  middle  latitude  is  nearly 
equal  to  half  the  sum  of  the  cosines  of  the  two  extreme 
latitudes. 

RICCI  (Michael-Angelo),  a learned  Italian  divine, 
born  at  Rome  in  I619.  He  was  well  skilled  in  (hf  pure 
mathematical  sciences ; and  he  was  created  a caidinut  in 
16*81 ; but  did  H'a  long  enjoy  that  dignity,  os  be  dhsJ  in 
l6_83,  at  64  years  of  age.  He  published  at  Rome,  in  4to, 
ExercitalioGeometrica,  a small  tract,  xvhich  wasieprintcd 
at  London,  and  nnnexed  to  N.  Mercators  Logariibmu* 
technia  ; having  be^m  thought  lit  to  be  so  reprinted,  partly 
by  reason  of  its  scarceness,  but  chiefly  on  account  of  the 
excellency  of  the  argument,  which  is,  de  maximis  ct  mi- 
nimis, or  the  doctrine  of  limits;  wliere  the  author  shows 
a deep  judgment  in  exhibiting  the  means  of  reducing  that 
lately  discovered  doctrine  to  pure  geoineiry.  In  this  tract 
is  demonstrated  the  doctrine  of  Carivngiodeapplicalioiii- 
bus,  who  aflinns,  that  he  w ho  is  ignorant  of  it  may* mis|>end 
his  lime  about  equations  searching  for  that  which 
cannot  be  found.  He  delivers  also  u method  of  drawing 
tangents  to  all  the  conic  sections  and  to  several  other 
curve*. 

RICCIOLI  (Joaeves-Baptista),  a learned  Italian 
astronomer,  philosopher,  and  mathematician,  was  born  in 


139^,  at  Ferrara,  a city  in  Italy,  in  the  dtuniniuns  of  the 
l*f  l»e.  At  H)  )ea«s  of  age  lie  was  admirtctl  into  the  so- 
ciety of  the  Jesuits.  He  was  endowed  with  uncommon 
talents,  which  he  Culiivnlcd  with  cxirnordiiiury  applica- 
tiuii;  so  that  the  progrem  In?  made  in  ewry  branch  of 
litenaure  anri  scieucv  was  >ut|uiaing.  He  wa»  first  ap- 
pointed to  Uracil  tbeforic,  poelri,  philosophy,  and  scho- 
lastic divinity,  in  the  Josuii*'  collegi*s  at  Parma  and  Bo- 
logna ; yet  he  ppplied  hmiM-lf  in  the  mean  lime  to  making 
olmTvations  in  get*gniphy,>cbrvnology,  and  tstrun'imy. 
This  was  his  natural  Uni,  and  ai  length  heobtciiicd  )ca\o 
from  his  superiors  to  quit  all  «nber  employment,  that  far 
might  dcvciic  biiiiM'll  entirely  to  th<;se  sciences. 

He  projected  u large  u/trk,  to  be  divided  into  three 
parts,  an<l  to  Cuniairt  us  it  wi  fe  a riftnptelc  system  of  phi- 
losophical, mulhemaiicu),  and  astronomical  knowleilge. 
'Fhe  ht>4  of  these  p.'irU,  which  regards  astronomy,  was 
pubitsbed  at  Bol(»gna  in  l().31,  2 voi*.  folio,  with  this 
title,  J.  B.  Iliccioli  AltnRge:>imn  Novum,  Asinmomiam 
vcleiein  tiovaioque  couipUcienv  observalionibus  aliorum 
ct  prnpriis,  novjsque  theoremalibus,  problemutibus,  aa 
tabulis  promotum.  Hiccioli  imilatcd  Ptolemy  in  this 
work,  by  coUt  cuni;  and  digi*s(ing  into  proper  order,  with 
observatioii<>,  every  thing  ancient  and  modern,  which  re-  ' 
lolcd  to  hi»  foibjecl;  so  that  Ctusw-ndus  very  justly  called 
his  work,  **  Promptuurium  ei  tlii'sauium  ingentem  Asiro- 
nomix.” 

Ill  the  first  volume  of  ibis  work,  he  treats  of  the  sphere 
of  the  world,  of  the  sun  ar.d  moon,  with  tfaeircclipses; 
of  the  fixed  slats,  of  the  planets,  of  the  coim  is  and  new 
stars,  of  the  several  mundane  systems,  and  six  sections  of 
general  problems  serving  to  aslrunomy,  Ac.— In  the  se- 
cond volume,  he  tre^ats  of  trigonometry,  or  iJie  doctrine  of 
plane  and  spherical  triangle's  ; proposes  to  give  a treatise 
of  asirononiical  instruments,  and  the  optical  part  of  aKtro- 
nomy  (which  part  was  never  published);  it  also  ireaii  of 
geography,  hydrocruphy,  wiih  an  epitome  of  chronology. 
—'1  he  third,  compn  bemls  obsiTvation*  ol  the  sun,  moon, 
eclipses,  fixed  surs  and  planets,  with  piecepts  and  tables 
of  the  primary  and  secondary  moiutiis,  and  other  astro- 
nomical tables,  iliccioli  printed  aUo,  two  other  works, 
in  folio,  at  Bologna,  viz, 

2.  Astronomia  Urformata,  ififfi:  the  design  of  which 
was,  that  r>f  considoritig  the  various  hypoiheM**  of  several 
astronomers,  and  ilie  difiiculty  thence  arising  of  conclu- 
ding any  thing  certain,  by  cotnporing  togither  all  the  best 
observations,  and  examining  what  is  most  certain  in  them, 
thence  Co  reform  the  principles  of  astronomy. 

3.  Clirutiologia  Ucform.nta,  I669. 

Hiccioli  died  in  I67I,  at  73y>ars  of  age. 

RICOCHET  I'crinjf,  m the  Military  Ait,  is  a method 

of  firing  with  small  charges,  from  puces  of  utdnunce 
elevated  at  small  angles,  .as  from  3 tn  (>  degrees.  The 
word  *igiiifii*s  duck-and-drakc,  or  rehoumitiig,  because 
the  ball  or  shot,  thus  discharged,  goes  bounding  und  roll- 
ing along,  killing  or  destroying  every  thing  in  its  way,  like 
the  liounding  of  a flat  stone  along  the  surface  ot  water  ^ 
when  thrown  almost  horizontally. 

RIDEAU,  in  Forlificaciun,  a small  cirvatinn  of  earth, 
extending  itself  lengthways  on  a plain ; scrvjng  to  cover  a 
camp,  or  give  an  advantage  to  u |K>st. 

Rideau  is  sometimes  also  ti^rd  for  a trench,  the  earth 
of  which  is  thrown  up  on  its  side,  to  Krveasa  parapet  for 
covering  the  im  n. 

RIFLE  Guns,  in  the  Military  Art,  arc  those  whose 
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Barrels,  iosteud  orbemg  straigbluo  tiio  inside,  are  formed 
^'ith  spiral  cbunnels,  making  cacb  about  a turn  and  a half 
in,  (he  length  of  li^e  barrel.  These  carry  tbeir  balls  farther 
anti  with  more  certainty  than  the  common  pieces.  For 
the  nature  and  quaimes  of  them,  see  Aobins’s  Tracis, 
vol.  L,  pa.32M  ^cc. 

lUGKL,  in  Astronomy.  See  Regel. 

RIGHT,  in  Geometry,  something  that  lies  evenly  or 
equally,  without  inclining  or  bending  one  way  or  another. 
Thus,  tt  righi'lme  U that  whi^e  parts  all  lend  the  same 
vtay.  In  this  Si*nse,  right  means  the  same  as  straight,  as 
opposed  to  curved  or  crooked. 

KioiiT«i4ft»/e,  is  that  which  one  line  makes  with,anotbcr 
upon  which  it  stands,  so  as  to  incline  neither  to  one  side 
nor  the  other.  And  in  this  sense  the  word  right  stands 
opposed  to  oblique. 

UiofiT'Oa^/crf,  is  said  of  a figure  when  its  sides  are  at 
right  angles  or  perpendicular  to  each  other.— Tliis  some* 
limes  holds  ill  all  ihcangles  of  the  figure,  av  in  squareji  and 
rectangles ; suractiiiics  only  in  part,  as  in  right-angled 
IriangU-s. 

UiGUT-rmgfed  Tt  innate  is  AViw^j.  It  was  a favourite 
S|H-culalmn  with  the  ancient  genineters,  to  cvprt'ss  mime* 
ricaily,  or  in  integer  numbers,  the  sides  of  a right-angled 
triangle,  lire  rules  which  (bey  used  for  thatpurpoM*,  are 
equally  liimplc  and  ingenious.  In  symbols  tht-y  are  brudy 
expressed  thus ; viz,  if  n denote  any  odd  numlHT,  above  1, 
then 

according  to  Pythagoras,  ii,  and  — , and  — , or 


a’  — 1 

the  first,  thus,  — and  expound  the  value  of  n suc- 
cessively by  the  numU'rs  2,  3,  4,  5,  &c,  wo  shall  obtain 
a scriesof  Iractiuus,  of  which  the  numerators  and  denomi- 
nators will  be  the  two  less  sides  of  a series  of  right-angled 
triangirs,  in  whole  numbers. 

Or,  if  for  n we  substitute  2wi  -s-  1,  the' aforesaid  frac* 

M*  — 1 , *«•  ^ 9n»  m . , 

tion  — — becomes = m -♦*  — — — , m the 

’.'a  'I'M  * l tm  + I' 

form  of  a mixt  number,  in  which  the  value  of  m may  be 
any  number  whatever,  the  denominator  2m  1 derating 
(be  least  side,  the  numenilur  2m}  h-  2m  the  other  side, 
and  the  same  inen  ased  by  1,  viz,  2m*  -i-  2m  1 the  hy- 
puihenusc.  So,  if  m be  expounded  successively  by  (ho 
numbers  1,  2,  3,  4,  iac,  the  series  of  fractions  wilt  be 
y,  V,  V,  ^c,  (he  denominators  being  the  least  sides, 
the  numeialors  the  greater,  and  these  increased  by  1,  the 
hypothenuses,  of  ihuscries  uf  triangles.  Or  if  we  employ 

the  form  m — - — , the  same  numbers  1 , 2<  3,  will 

give  the  mixed  numbers  1|,  2^,  3J,4|,  5^^*  f>xj*  &c,  in 
which  the  law  of  continuation  i$  mamfciit ; the  denomi- 
nator of  each  bc'ing  the  le.ist  side,  the  integer  multiplied 
by  the  denominator  and  the  numerator  added  is  the 
greater  side,  and  i moic  is  the  hypothenuse. 

u’  — I * 

Again,  if  instead  of  a,  in  the  first  fraction be 
substituted  2m  2,  that  fraction  then  becomes 
— zs  m -*• . Then,  ttkins  for  m sue* 

4m -r  4 im  + 4 ® 


according  to  Plato,  2«,  and  a*  — l,anJ  «*  -♦*  1, 
will  represent  the  three  sides  of  a right-angled  triangle, 
the  last  u*rm  being  the  hypothenuse.  In  the  secocHl  of 
these  forms,  which  is  only  the  double  of  the  former,  n may 
be  any  number,  above  1,  cither  odd  or  even  v m the  for- 
mer n must  be  an  odd  number,  to  give  integral  results. 
In  any  case,  the  results  arc  rational  ul  least ; and  the  pro- 
position IS  manifest,  viz,  that  the  sum  of  the  squares  of  the 
first  two  terms,  is  equal  to  Uic  square  of  the  third- 

Hut  a more  general  form  of  the  boinc  property  is  eshi- 
bitotj  in  the  following  terms,  2mn,  — a*,  und  a*, 

where  m and  a may  U*  any  two  numbers  taken  at  plea- 
sure, so  as  that  m be  greater  (ban  n.  And  by  lakmg  any 
particular  numbers  for  m und  a,  an  endless  series  of  ri^iit* 
angtud  triangles,  in  rational,  or  even  in  whole  numbers. 
Will  be  the  ri'sult. 

V'ieta  employed  another  form  of  the  like  proptrlies,  in 
his  curious  vrurk,  Canon  Matliemoticus,  seu  ad  Triangu- 
la, iu  which  the  threo  sidv's  are  either  uf  the  three  follow- 
ing ^rmv : 


OI  W — I 1 Iw*  +1  I '«*  — I 

, 7-- ff,  n I «,:~r » 7“T — J ■# 

+ I*  J(M*  I I i'»*  — I*  {m  “ • j "•  t 

-^-^1 ; where  the  3d  or  last  term,  in  each  of  the  three 


sell,  denotes  the  hypaihi-nuse  of  a triangle,  und  the  two 
leading  terms,  the  base  and  perpend, colar,  as  it  is  evident 
lh«l,  in  them  nil,  the  square  of  rtir  3d  term  is  cqun!  to  the 
sum  ot  the  squares  of  the  Island  2d.  And  by  these  forms, 
V ieta  computed  (he  sidt^v  of  4300  righl-nngicd  triangles, 
in  rstionui  numlvrrv,  and  arranged  them  in  tables.  S«'e 
an  account  of  them  in  the  introiluction  to  my  Mathcma- 
lical  Tables,  pa.  5 and  G ; or  in  iny  Tracts,  vol.  !,  pa.  2tSi. 

If  in  the  second  set,  (2«,  n*  — I,  n*  ^ J),  above  men- 
tiunetl,  wo  express  fractionwisc  the  second  term  divided  by 


cesiively  the  numbers  1,  2,  .3,  4,  &c,  (bis  other  series  of 
mixed  numbers  results,  viz,  t{,  2|*, 

&c,  expressing  another  series  of  the  triangles  in  the  same 
way  as  the  former  one.-— And  in  like  manner  for  any  other 
series. 

IIlght  Cone,  Ciflinder^  /Visas,  or  Pyrttmid,  one  whose 
axis  is  at  right-angles  to  the  base. 

RiiiHT-iiacd  one  formed  by  right  lines, 

UtoiiT  Sine,  one  that  stands  at  right-angles  to  the  dia- 
meter ; as  opposevi  to  versed  sirve.  * 

Riuht  Sphere,  is  that  where  the  equator  cuis  the  burizoi) 
at  right-angli-s  | or  that  which  has  the  poles  in  the  horizon, 
and  the  equinoctial  in  the  zenith.  Such  ts  the  position  of 
the  sphere  with  regard  to  those  who  live  at  the  equator,  or 
under  the  equinoctial.  The  consequences  of  which  are; 
that  (hey  have  no  latitude,  nor  elevation  of  the  pole  •,  they 
see  both  poli*!  of  the  world,  and  all  the  stars  rise,  culmi- 
nate and  set;  also  the  sun  always  rises  and  descends  at 
right-^nEles,  and  make  their  days  and  nights  equal.  In  a 
right  sphere,  the  horizon  is  a meridian  ; ami  if  the  sphere 
be  supposed  to  revolve,  all  the  meridians  successively  be- 
convc  borizuos,  one  after  another. 

Right  zlzccan'ois,  Dczccasion,  Parailax,  (tc.  See  (he 
respective  articles. 

UlciiT  Ciicie,  in  the  SuTtN>grnp)jic  Hn»jcction  of  the 
Sphere,  is  a circle  at  righ(-angit‘s  in  the  plane  of  pYujeC- 
tioit,  or  that  which  is  projected  into  n rizlil  line.  • 
Right  is  (hut  in  which  avt*)wse  is  pi  rformed 

on  some  one  uf  the  four  cardMiaJ  pointv,  east,  wi-st,  north, 
or  south. — If  the  ship  sail  on  a meiidian,  that  is,  north  olf 
south,  >bc  does  not  alter  tier  longitude,  but  only  changes 
the  latitude,  and  that  just  as  much  as  the  number  of  de- 
grees she  has  run.— But  if  she  sad  on  (be  equator,  directly 
cast  or  west,  slic  vanes  nut  her  latitude,  but  only  changes 
the  longitude,  and  that  just  as  much  a>  the  number  ofd«- 
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gref«  »bc  has  run^And  if  sb«  sail  directly  east  or  west 
upon  any  parallel,  she  again  does  not  change  her  latitude, 
but  only  thr  loDgitude  ; yet  rsot  the  same  as  the  number 
of  degrees  uf  a great  circle  she  has  SMtIetl,  a^  on  tbeequa* 
Cor,  but  more,  according  as  the  parallel  is  remoter  from 
the  equinoctial  towards  the  pole.  For  the  less  any  paral- 
lel is,  the  greater  is  the  diflerence  of  longitude  answering 
to  the  distance  run. 

HlGIDiTV,  a brittle  hardness;  or  that  kind  of  hard- 
nesa  whirli  is  supposed  to  arise  from  the  mutual  indenta- 
tion nt  the  com|)onent  particles  within  oneanothcr.  Higi> 
dity  is  opp««M'd  to  ductility,  malleability,  &c. 

RING,  111  Geometry,  is  a figure  n-tuming  into  itself, 
the  axis  bt'ing  bent  round  into  a circular  form.— This  is 
oitbet  plane  or  solid.  In  the  former  rase,  it  is  the  space 
or  Hgu re  contained  between  the  circumferences  of  twocim- 
centric  circlet.  In  the  latter,  or  solid  ring,  it  resi*mblrs 
ft  cylinder,  or  other  prism,  bent  round  into  a circular 
loritt.  And,  in  either  of  them,  the  UansvcTM  section,  per- 
pendicular to  the  axis,  is  the  same  quantity ; in  the  plane 
ring,  it  is  the  same  line,  or  difference  of  the  two  radii ; in 
the  solid  ring,  it  is  the  tame  plane  figure. 

For  the  measures  of  the  surface  and  solidity  of  rings, 
multiply  the  axis  by  the  transrersc  section  perpendicular 
to  it.  See  my  Mensuration,  pa.  1 10  and  lp4,  edit.  4. 

Rivo,  in  Astronomy  rjd  Navigatioii,an  instrument  used 
for  taking  the  sun’s  lUtilude  dec.  It  is  usually  of  brass, 
about  9 inches  diameter,  suspended  by  a little  swivel,  at 
the  distance  of  45^  from  the  point  o(  which  is  a perfora- 
tion, w hicb  is  the  centre  of  a quadrant  of  90^  divided  in 
the  inner  concave  surface. 

To  use  it,  let  it  be  hold  up  by  the  swKrel,  and  tonted 
rouad  to  the  sun.  till  his  rays,  falling  through  the  hole, 
make  a spot  among  the  degrees,  which  marks  the  dlHtude 
required.  This  instrument  is  preferred  to  the  astrolabe, 
bemuse  the  divisions  are  here  larger  than  on  that  iustru- 
nient. 

Ring,  of  Saturn,  is  a thm,  broad,  opaque  circular 
arch,  encompassing  the  body  of  tbit  planet,  like  the 
wooden  horimm  of  an  artiheial  globe,  without  touching  it, 
and  appearing  double,  wbfu  seen  through  a good  telescope. 

I'bis  ring  was  first  disco>ered  by  fiu)*gens,  who,  after 
frequent  observation  of  the  planet,  perceived  two  lucid 


points,  like  ansa  or  handles,  arising  out  from  the  body  in  a 
right  line.  Hence,  as  in  subs<*quenl  observations  he  al- 
ways found  the  same  appearance,  he  concluded  tbit  Sa- 
turn was  en^urop•>^e<l  with  a permanent  ring;  and  ac- 
cordingly produced  his  New  System  of  Saturn,  in  If59* 
It  was  huwevt-r,  Galileo  who  first  discosTred  that  the  figure 
of  Saturn  was  not  round. 

Huygens  c>stimates  the  space  between  the  globe  of  Sa- 
turn ami  the  ring  as  equal  to  the  breadth  of  the  ring,  or 
rather  more,  being  about  22000  miles  broad ; and  the 
greatest  diameter  of  the  ring,  in  proportion  to  that  of  the 
globe,  as  9 to  4.  But  Mr.  Pound,  by  an  excellent  micro- 
meter applied  to  the  Huygenian  glass  of  123  feel,  deter- 
mined this  projK>rlion,  more  exactly,  to  be  as  7 to  3. 

Observations  have  also  dctermifsed,  that  the  plane  of  the 
ring  IS  inclined  to  the  plane  of  the  ecliptic  in  an  angle  of 
50  degrees  ; that  the  ring  prtibably  turns,  in  the  direction 
of  its  plane,  round  its  axis,  because  when  it  is  almost  edge- 
wise to  us,  it  appears  rather  thicker  on  one  side  of  tbo 
planet  than  on  the  other ; and  the  thickest  edge  bis  b4*en 
seen  on  difierent  sides  at  different  times  : the  sun  shines 
almost  15  of  our  years  together  on  one  side  of  Saturn's 
ring  without  setting,  and  as  long  on  the  other  in  its  turn  ; 
so  that  the  ring  is  visible  to  the  inhabitants  of  that  planet 
for  almost  15  of  our  years,  and  as  long  invisible,  by  turns, 
if  its  axis  has  no  inclination  to  its  ring;  but  if  the  axis 
of  the  planet  be  inclined  to  the  ritig,  ex.  gr.  about  SO  de- 
l^rees,  the  ring  will  appear  and  disappear  once  every  natu- 
ral day  to  all  the  tohabilanli  within  30  degrees  of  the 
equator,  on  both  sides,  frequently  eclipsing  the  sun  in  a 
Saturnian  day.  Moreover,  if  Saturn's  axis  be  so  inclined 
to  bis  ring,  it  is  perpendicular  to  his  orbit ; by  which  the 
inconveoieuca  of  difcrrnt  seasons  to  that  planet  is  avoided. 

This  ring,  seen  from  Saturn,  appears  like  a large  lumi- 
nous arch  in  the  heavens,  as  if  it  did  not  belong  to  the 
planet. 

When  we  see  the  ring  most  open,  its  shadow  upon  the 
planet  is  broadest ; and  from  that  time  the  shadow  grows 
narrower,  as  the  ring  appears  to  do  to  us;  until,  by  Sa- 
turn’s annual  moti<m,  the  sun  comes  to  the  plane  of  ike 
ring,  or  even  with  its  edge  ; which,  being  then  directed  to- 
wards us,  becomes  invisible,  on  account  of  its  thinness. 


The  phenomena  of  Sateiu’s  ring  nrc  illottrated  by  a 
view  of  this  figure.  Lets  be  the  son,  ARCnercn  Sa- 
turn’s orbit,  and  iKLMxo  the  earth’s  orbit.  Both  Saturn 
and  the  earth  more  according  to  the  order  of  the  letters  ; 
and  when  Saturn  it  at  a,  bis  ring  n turned  edgewise  to  the 
sua  s.  and  he  is  thi^n  seen  from  the  earth  as  if  he  had  lost 
hU  ring,  let  the  earth  be  in  any  pan  of  iu  orbit  whatercr, 
except  between  v and  o ; fur  while  it  describes  that  space, 
Saturn  is  apparently  so  r>ear  the  sun  as  to  be  hid  in  h» 
beams.  As  Saturn  goes  from  a to  c,bts  ring  appears  more 
and  more  open  to  ihc  earth  ; at  c the  ring  appears  most 
open  ; but  seems  to  become  more  and  mors  narrower  as 
Saturn  goes  from  c to  t ; and  when  arrived  at  this  point 
the  ting  is  again  turn^  edgewise  both  to  the  tun  and 


earth  ; and  as  neither  of  its  sides  is  illuminated,  it  is  invi- 
sible to  us,  because  its  edge  Is  loo  thin  to  be  perceptible  j 
and  Saturn  appears  again  as  if  he  had  lo»i  his  ring.  But 
as  be  goes  from  c to  o,  his  ring  opens  more  and  more  to 
our  view  on  the  under  side  ; and  seems  jusi  as  open  at  <s 
as  it.was  at  c,  and  may  ^scen  in  tbenighl-time  from  the 
earth  in  any  part  of  its  orbit,  except  about  m,  when  the 
sun  hides  the  planet  from  our  view. 

As  Saturn  goes  from  o to  a.  bis  ring  turns  more  and 
mofe  edgewise  to  us,  and  ihen*fore,  it  seems  to  be  nar- 
rower; till  at  A it  quite  disappears  as  before.  Hence, 
while  Saturn  goes  from  a to  e,  the  sun  shines  on  the  up- 
per side  of  his  ring,  and  the  under  side  is  dark ; and  while 
he  goas  from  e to  a,  the  sun  shines  on  the  under  side  of  his 
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rioi{,  iiixl  (he  upper  tide  u dnrk.  The  rin^  disappears 
twice  ill  e\ery  annual  revuluiiuii  uf  Saturn,  viz,  when  be 
is  in  the  |i)tJi  dej^ree  ol  Pisi'es  luid  uf  and  when 

iiaturn  is  in  ihe  miodle  between  theM'  points,  nr  in  the  I5)tb 
tiei^reo  either  o(  Gemini  or  <if  Sapiuwiius,  his  ring  up- 
|>e.*rs  most  open  to  us;  and  then  its  longest  diameter  is  to 
its  shortest,  hs  9 lu  4.  I erguson's  Astr.  sect.  S04. 

There  on-  various  h)|>oihe>i's  cunceriimg  this  ring. 
Kepler,  in  his  Kpiitun.  Aslron.Copern.,Mhd  atler  him  Dr. 
litdley.  111  hi*>  Knquiry  into  the  Cuiises  ul  the  Variation  of 
the  Needle,  Phil.  Trans.  No.  19<&,  >uppos«*s  our  earth  may 
b(-  composed  of  several  crusts  or  shells,  oih:  within  ano- 
ther, Htnl  concentric  to  each  other.  If  this  be  the  case,  it 
is  po-'sibie  the  ring  uf  Siiturn  may  bt*  the  fragmeni  or  re- 
maining ruin  ol  his  formerly  eMcrior  shell,  the  rest  of 
which  is  broken  or  fHlhn>down  upon  the  body  of  the 
planet.  And  some  huve  sup|>os**d  that  the  ring  may  be  a 
congeries  or  series  of  moons  revolving  about  (he  plairet. 

ll-Ucr  obsorvaiioashave  throw  n much  mure  light  on  this 
curious  phenomenon,  esiHTially  respi-ciing  its  Hrfm>nsions, 
and  rotaliftn.  and  divivion  inio  iw(»  or  mure  parts,  loi- 
landc  and  L.iplHce  say,  that  C‘.issini  saw  the  bieadth  ol  the 
ring  divined  tnlu  two  separate  paits  that  are  equal,  or 
nearly  so.  Mr. '!)hort  a'-surerl  M.  loilande,  that  he  had 
seen  iimiiy  divisions  on  the  ring,  with  his  1'2  feel  telescope. 
And  Mr.  ll.iJh's.  with  an  excellent  feet  reflector,  saw 
the  ringdivxJrd  in|i»  two  part-*.  Several  cxct  lleul  theories 
l.uvc  Imi  n given  in  the  French  Mrmoirs,  particularly  by 
Laplace,  cunivuding  for  ihu  division  uf  the  ring  into  many 
parts.  But  finally,  the  observations  of  Dr.  Uerschel,  in 
several  volumes  <■!  the  Philos.  1'rnns.,  seem  to  ronlirm  the 
division  into  two  conccniiic  p.irts  only.  The  dimensions 
of  the>e  two  iing*i,  and  the  space  between  them,  he  states 
in  the  tollovviog  proportKuis  to  each  other. 

Inner  diam.  of  smaller  ring  - - 146345  miles. 

Outside  diara.  of  ditto  - « 1843.93 

Inner  dum.  of  larger  ring  - - 190248 

Outside  diam.  of  ditto  - - 904883 

Bieadth  of  the  inner  ring  • • 90000 

Breadth  of  the  outer  ring  • ' ^ 7900 

Brrndih  of  the  vacant  space  - - 2S39 

King  revolves  in  its  own  plarte,  in  10^ 

So  that  (heouividc  diameter  of  the  larger  ring  is  almost  96 
nmvw  the  diameter  of  the  earth. 

Dr.  Uerschel  adds,  **  Some  theories  and  observa- 
tions, of  other  persons,  lead  us  to  consider  the  qui'stion, 
whether  the  construction  of  this  ring  is  of  a nature  so  as 
permanently  to  remain  in  its  pn-sent  state  > or  whether  it 
be  liable  to  continual  and  frequent  changes,  in  such  a 
manner  as  in  the  course  of  not  many  years,  (o  be  seen  sub- 
divided into  narrow  slip^,  and  then  again  as  united  into 
one  or  two  circular  planes  only.  Now,  without  entering 
into  a discussion,  the  mind  teems  to  revolt,  even  at  hrsc 
sight,  against  an  idea  of  the  chaotic  state  in  which  so 
large  a mass  as  the  ring  of  Saturn  must  needs  be,  if  phe- 
nomena like  these  can  be  admitted.  Nor  ought  wc  to  in- 
dulge a suspicion  of  this  biing  a reality,  unless  re})cated 
ami  well-confirmed  observations  bad  proved,  bt-yond  a 
doubt,  that  this  ring  was  actually  in  so  fluctuating  a con- 
dition.” Buti  from  his  own  ob^rvations  be  concludes, 
**  It  does  not  appear  (o  roe,  liiat  there  is  a sufficient  gound 
for  admitting  the  ring  of  Saturn  to  bi;  of  a very  changi*- 
ablc  nature;  and  1 guess  that  its  phenomena  will  hereafter 
be  so  fully  explained,  as  to  reconcile  all  ubscrvalions.  in 
the  mean-while,  vve  must  withhold  a final  Judgment  of  iu 
VoL.  II. 


construction,  till  we  can  have  more  observatioiva.  Its  di- 
vision however  into  two  very  umquMl  parts,  can  admit  uf 
1)0  doubt.’*  Sh>  Philos.  Trans,  vol.  SO,  pa.  4,  481  ^c,  and 
the  vol.  for  1792,  pa.  1 vVe,  uUo  I list,  de  I'Acad.  dea 
Scient  de  P.iris  1/87.  pj.949  i\c. 

UiNOs  (.Voirr*,  m Optics,  a phenomenon  firat  ob- 
served it)  thin  plates  of  vaiiutis  substances,  by  Ik)vte,  and 
Hooke,  but  aftciwurds  more  lully  explained  by  Newton. 

.Mr.  Boyle  having  exlnbited  a v.vnvty  of  colours  in  co- 
lourk’ss  i.quors,  by  shaking  tht-m  idl  they  ruse  in  bub- 
bles. as  well  as  in  bubbles  til  soap  und  water,  and  also  in 
turjK-ntine,  procured  glass  blown  so  thin  as  to  exhibit 
similar  colours;  and  he  observes,  that  a fe.irhcr  ol  a pro|>er 
shape  and  size,  and  also  a black  rihland,  In  Id  at  a proper 
dislanci-  between  his  eye  and  the  sun,  showed  a variety  of 
little  rainbow-},  as, ho  calls  them,  wuh  very  vivid  colours. 
Boyle's  Works  by  8haw,  vol.  9.  pa.  70.  Dr.  Hooke,  about 
nine  years  alter  the  publication  ot  Mr.  Boyles  Treatise  on 
Colours,  exhibited  the  coloured  bubbles  uf  soap  and  water, 
and  observed,  that  though  at  first  it  ap|>ean-d  whiio  und 
ch*ar,  yet  a<>  the  film  uf  water  became  thinner,  tlu-re  ap- 
peared upon  it  all  the  Colours  of  the  rainbow.  Hu  also 
described  the  U-autiful  colours  that  are  seen  in  thin  plates 
uf  .^Iuscovy  glars ; which  appt*arrd,  through  the  micro- 
scope, to  be  ranged  in  rings  suriuundiiig  the  while  specks 
or  ffaws  in  them,  ami  with  the  same  order  of  colours  as 
tfios«!  of  (he  rainbow,  and  which  were  often  rejtcated  ten 
times.  He  also  took  two  thin  pieces  of  glass,  ground 
plane  and  pultshevi,  and  putting  them  one  upon  another, 
pressed  them  till  there  began  to  appear  a red  coloured 
spot  in  the  middle ; und  pressing  them  cIumt,  he  observed 
several  rings  of  colours  encompassing  the  first  place,  nil, 
nt  last,  all  the  colours  disap^iuared  out  of  the  middlu  of 
the  circles,  and  the  central  spot  appeared  white.  I'he 
first  colour  that  appeared  was  r^,  then  yellow,  then  green, 
then  blue,  then  purple ; then  again  red,  yellow,  green, 
blue,  and  purple;  and  again  in  the  same  order;  so  that 
he  sometimes  counted  nine  or  ten  of  these  circles,  (be  red 
immediately  next  tn  the  purple ; and  the  last  colour  that 
appeared  before  the  white  was  blue;  so  that  it  began  with 
red,  and  ended  wirti  purple.  These  rings,  be  says,  would 
change  their  placet,  by  changing  the  position  of  the  eye, 
so  that,  the  glasses  remaining  the  same,  that  part  which 
was  red  in  one  position  of  (be  eye,  wan  blue  in  a M'cniui, 
green  in  (he  third,  dec.  Birch’s  Hist,  of  the  Koyui  So- 
ciety, vol.  3,  pa.  34. 

Newton,  having  demonstrated  that  every  different  colour 
consists  of  rays  which  have  a different  and  specific  degree 
of  rcfraiigibitiiy,  and  that  natural  bodies  appear  of  this  or 
that  colour,  according  it>  their  dispodtiun  to  relied  this 
or  that  species  of  rays  (sec  Colour),  pursued  the  hint 
suggested  by  tbe  experiment  of  Dr.  Hooke,  already  re- 
cited, and  casually  noticed  by  bimscif,  with  regard  to  thin 
transparent  substances.  On  compressing  two  prisms  hard 
together,  in  order  to  make  their  side*  touch  one  another, 
be  observed,  that  in  the  place  of  contact  they  were  per- 
fectly transparent,  which  appeared  like  a dark  spot,  and 
when  it  was  looked  through,  it  seemed  like  a hole  in  that 
air,  which  was  formed  into  a thin  pinie,  by  being  im- 
pressed between  the  glasses.  When  this  plate  of  air,  by 
turning  the  prisms  about  their  common  axis,  became  so 
little  inclined  to  the  incident  rays,  that  some  of  them  be- 
gan to  be  tninsmittcd.  Uu-rc  arose  in  it  many  slender  arcs 
o(  colours,  which  incruasetl,  as  the  motion  of  the  prisms 
was  Conti  uued,  and  bended  more  and  more  about  (he 
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transpnrent  vpot,  till  they  were  coinpleteil  into  circU'9,  or 
rings,  surrouttding  it ; and  afterwardk  they  became  cui^- 
(inuully  more  und  toon*  cunlracted. 

By  amuher  cxperinii'm,  wilb  two  object-glasses,  be  wai 
enabled  ti»  ubsiTve  diktmcily  the  order  am)  quality  o(  the 
colours  from  ihi  central  spot,  to  a rcry  considerable  dis- 
tance. Next  to  the  pellucid  central  spot,  made  by  the 
contact  of  the  glasses,  succeeded  blue,  white,  yellow,  and 
nnl.  *The  next  circuit  immediately  surrounding  these, 
coniistt-d  of  violet,  blue,  green,  yellow,  and  red.  The 
third  circle  of  colours  was  purple,  blue,  green,  yellow, 
and  red.  The  fourth  circle  consisted  of  green  and  ri*d. 
All  the  succeeding  colours  became  more  and  more  imper- 
fect, till,  after  thtte  or  four  revolutions,  they  ended  in 
perfect  whiteiu^ss. 

When  tbtse  rings  were  examined  in  a darkened  room, 
by  the  culoured  light  of  a prism  cast  on  a sheet  of  white 
pa|ier,  they  bt'came  more  distinct,  and  visible  to  a far 
greater  number  than  in  the  open  air.  He  sometimes  saw 
more  than  twenty  of  them,  whereas  in  the  o{>en  air  he 
could  nut  discern  above  eight  or  nine. 

From  other  curious  observutions  on  these  rings,  made 
by  different  kinds  of  light  llimwn  upon  them,  he  in^rnd, 
that  the  ihicknessi-s  of  the  air  between  the  glasses,  where 
the  rings  arc  successively  made,  by  the  limits  of  the  seven 
colours,  red,  orange,  yellow,  green,  blue,  indigo,  end  violet, 
in  order,  are  one  to  another  as  the  cube  roots  of  the  squares 
of  the  eight  lengths  of  a chord,  which  sound  the  notes  in 
an  octave,  kol,  In,  fa,  sol,  la,  mi,  fa,  lol;  that  is,  as  the 
cube  roots  of  the  squares  of  the  numbers  1,9,^, 

f.  These  rings  appeared  of  thatpri.imHtic  colour,  with 
which  they  were  illuminated,  and  by  projecting  the  pris- 
matic colours  immediately  upon  the  glasses,  he  found 
that  the  light,  which  fell  on  the  dark  spaces  between. the 
coloured  rings,  was  rransmiued  through  the  glasses  with- 
out any  change  of  colour.  From  this  circumstance  he 
thought  that  the  origin  of  these  rings  ts  roanift-sl ; because 
the  air  between  the  glasses  is  disposed  according  Co  its 
various  ihickneas,  in  some  places  to  reflect,  and  in  others 
to  transmit  the  light  of  any  particular  colour,  end  in  the 
tame  place  to  reflect  that  of  one  colour,  where  it  trans- 
mits that  of  another. 

la  examining  the  phenomena  of  colours  made  by  a 
denser  medium  surrounded  by  a rarer,  such  as  those 
which  appear  in  plates  of  Muscovy  glass,  hubbies  of  soap 
and  water,  &c,  the  colours  were  found  to  be  much  more 
vivid  than  the  others,  which  were  made  with  a rarer  me- 
dium surrounded  by  a denser. 

From  the  preceding  phenomena  it  is  an  obvious  deduc- 
tion, that  the  transparent  parts  of  bodies,  according  to 
their  several  series,  reflect  rays  of  one  colour  and  transmit 
those  of  another;  on  the  same  account  that  thin  plates, 
or  bubbles,  reflect  or  transmit  those  rays;  and  this  New- 
ton supposed  to  be  the  reason  of  all  their  colours.  Hence 
also  he  has  ioftTred,  that  the  size  of  those  component 
parts  of  natural  bodies  that  affect  the  light,  may  be  con- 
jecturedhy  their  colours.  SeeCoLotR,and  RcrtzcriON. 

Newton,  pursuing  his  discoveries  concerning  the  colours 
of  thin  substances,  found  that  the  same  were  also  pro- 
duced by  plates  of  a considerable  thickness,  divisible  into 
lesser  thicknesses.  The  rings  formed  in  both  cases  have 
the  same  origin,  with  this  difference,  that  those  of  the  thin 
phiu*s  are  made  by  the  alternate  reflections  and  transmis- 
sions of  the  rays  at  the  second  surface  of  the  plate,  after 
one  passage  through  it ; but  that,  in  the  case  of  a glass 


speculum,  concave  on  one  side,  and  convex  on  the  other, 
and  quicksilvered  over  on  the  convex  side,  the  rays  go 
through  the  plate  and  return  before  they  are  altcrnalcly 
reilrctcd  and  transhiitled.  Newton's  Optica,  pa.  i 69,  Acc« 
or  Newioni  Opera,  Horsley's  edit,  vul  4,  pa.  &c. 
p.  1»4,  &c. 

The  abhe  Maxeas,  iti  hit  experiments  on  the  rings  of 
colours  that  appear  in  thin  plates,  has  discovered  several 
important  circumstances  attending  them,  which  were  over- 
looked by  the  sagacious  Newton,  and  which  tend  to  inva- 
lidate his  theory  for  explaining  them.  In  rubbing  the 
flat  side  of  an  object-glass  against  another  piece  of  flat  and 
smooth  glass,  be  found  that  they  adhere<l  very  iirnily  to- 
gether after  thi«  friction,  and  that  the  same  colours  were 
exhibited  between  thive  plane  glasses,  which  Newton  had 
observeil  between  the  conve.x  object-glass  of  a icK'seope, 
and  arunber  that  was  plane ; and  that  the  colours  were  in 
proportion  to  their  adhesion.  When  thosui  fact-s'of  pieces 
of  glass,  that  are  transparent  and  well  polished,  arc  equally 
pressed,  a resistance  will  be  perceived  ; and  whcirver  this 
is  felt,  two  or  three  very  fine  curve  lines  will  bedikcovered^ 
some  of  a pale  rtnl,  and  others  of  a faint  green.  If  the 
friction  be  continued,  the  rtnl  and  green  lines  increase  in 
number  at  the  place  of  contact ; the  colours  being  some- 
times mixed  wiihout  .iny  order,  and  sometimes  disposed 
in  a regular  manner;  in  which  case  the  coloured  lines  are 
generally  concentric  circles,  or  ovals,  more  or  less  elon- 
gated, as  the  surfaces  are  more  or  less  nnilcd. 

When  the  colours  arc  formed,  the  glasses  adhere  with 
considerable  force ; but  if  the  glasses  be  separated  sud- 
denly, the  colours  will  appear  immediately  upon  their 
being  put  together,  without  the  least  friction.  Bt'giniiing 
with  the  slightest  touch,  and  increasing  the  pressure  by 
insensible  degrees,  there  first  appears  an  oval  plate  of  a 
faint  red,  and  in  the  centre  of  it  a spot  of  light  gr«  cn, 
.which  enlarges  by  the  pressure,  and  bccom<'S  a green  oval, 
with  a red  spot  in  the  centre;  and  this  enUrging  in  its 
turn,  discovers  a green  spot  in  iu  centre.  Thus  the  red 
and  green  succeed  one  another  in  turns,  assuming  different 
shades,  and  havir^  other  colours  mixed  with  ilieni.  The 
greatest  diflerence  Ix  twren  these  colours  exhibited  between 
plane  surfaces,  and  those  by  curve  ones,  U,  that,  in  the 
former,  pressure  alone  will  not  produce  them,  except  in 
the  case  above-mentioned. 

In  nibbing  together  two  privms,  with  very  small  re-  ' 
fraciti^  <tngles,  which  were  joined  so  as  to  form  a paial- 
lelopiped,  the  colours  appeared  with  a surprizing  lustre  at 
the  places  of  contact,  and  differently  coloured  ovals  ap- 
pear^. In  the  crntie  there  was  a black  spot,  Imrderrd 
by  a deep  purple;  next  to  this  appeare<l  violet,  blue, 
orange,  red  tinged  with  purple,  light  green,  and  faiut 
purple. 

The  other  rings  appeared  to  the  naked  eye  to  consist  of 
rtotbing  but  faint  reds  and  greens.  Whim  these  coloured 
glasses  were  suspended  over  the  flame  of  a candle,  the 
colours  disappi-ared  suddenly,  though  they  still  adhered  ; 
but  being  suf^red  to  coo),  the  colours  returned  to  their 
former  places,  in  the  same  order  os  Wfore.  At  first  the 
abb^  Mazeas  had  no  doubt  but  that  these  colours  were 
ovring  to  a thin  plate  of  air  between  the  glasses,  to  which 
Newton  has  asenbed  them;  but  the  temarkable  diflert-nce 
in  the  circumstances  attending  those  produced  by  the  flat 
plates  and  those  produced  by  the  objecl-glasw's  of  New  ton, 
convinced  him  that  the  air  was  not  the  cause  of  this  ap- 
pearance. The  colours  of  the  flat  plates  vanished  at  the 
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Approach  uf  flame,  but  tboie  of  th«  objoct-glaMcs  did  not. 
Nor  \VA%  thif  diflfrrnce  owing  lo  the  ptane  glosM-i  being 
Icu  compreued  than  the  conrex  umw;  for  though  the 
former  were  coroprrx»ed  ever  ao  much  by  a peir  of  for- 
ceps, it  did  nut  in  ibe  least'  hinder  the  eflect  of  the  flame. 
He  lht>n  put  both  the  plane  glasses  and  the  convex  ones 
into  the  receiver  of  an  air-pump,  suspending  the  former 
by  a tiirend,  and  kc«‘ping  the  laUer  compressed  by  two 
strings;  but  he  observed  no  change  in  the  colours  of 
either  of  them,  in  the  most  perfect  vacuum  that  be  could 
make.  SuspiXting  still  that  the  uir  adbert^d  to  the  sur- 
face of  the  glasses,  so  as  not  to  be  separated  from  them 
by  the  force  of  the  pump,  he  had  recourse  to  other  ex- 
periments, which  rendered  it  still  moK-  iniprobabie  that 
the  air  should  be  the  cause  of  these  colours.  Having 
laid  the  ctdoured  plates,  after  warming  them  gradually, 
on  burning  coals : and  thus,  when  they  were  nearly  red, 
rubbing  tliem  together,  he  observed  the  same  coloured 
circles  and  ovals  as  before.  When  be  ceased  to  press 
upon  them,  the  colours  seemed  to  vanish  ; but  they  re- 
turned, as  he  renewed  the  friction.  In  order  to  deter- 
mine whether  the  colours  were  owing  to  the  thickness  of 
some  matter  interposeti  belumi  the  glass'**,  he  rubbed 
them  together  with  suet  and  other  soft  substances  be- 
tween them;  yet  bis  endeavour  lo  produce  the  colours 
had  no  eflect.  However  by  contiiiuii^  the  friction  with 
some  degree  of  violence,  he  observed,  that  a candle  ap- 
peat*  d through  thi*m  encompassed  with  two  or  three  con- 
centric greens,  and  with  a lively  rail  inclining  lo  yellow, 
and  a gieeti  like  that  of  an  emerald,  and  at  length  the 
rings  assumed  the  colours  of  blue,  yellow,  and  violet. 
'I'he  abbe  was  thus  conflrroetl  in  his  opinion  that  there 
must  be  »ome  error  in  Newtons  hypotliesis,  by  consider- 
ing that,  according  lu  bis  measures,  the  cohiurs  of  the 
plait's  varitHl  wiih  the  difference  of  a millionth  part  of  an 
inch;  whereas  be  was  satisfied  that  there  must  have  been 
much  greater  difllrences  in  the  distance  between  his 
glasses,  when  the  colours  remained  tuicbanged.  From 
other  experiments  he  concluded,  that  the  plaic  of  water 
intriHiuced  between  the  glasses  was  not  the  cause  of  their 
colours,  as  Newton  apprehended  ; and  that  the  coloured 
rings  could  i)ot  be  owing  to  the  compression  of  the  glasses. 
Alter  all,  he  adds,  that  the  theory  of  light,  thus  reflected 
from  thin  plates,  is  too  delicate  a subject  to  be  completely 
ascertained  by  a small  number  of  ubservations.  Berlin 
Mem.  for  1752,  or  Memoires  Preu'ntes,  vol.2,  pa.2S— 43. 
M.  du  Tour  repeated  tbe  expenmems  of  the  abbe  Mamets, 
and  added  some  observations  of  his  own.  Sec  Mem.  Pres. 
v<d.  4,  pa.  238. 

Musscbenbrorck  is  alto  of  opinion,  that  the  colours  of 
thin  plates  do  not  depend  upon  the  air ; but  as  to  the 
cause  of  them,  be  acknowlcdgi's  that  he  could  not  satisfy 
himself  about  iL  Inlrod.  ad  Phil.  Nat  vul.  2,  pa.  738. 
See  on  this  subject  Priestley’s  Hist,  of  Ught,  Ate,  per.  6, 
sect.  5,  pa.  498,  fee. 

For  an  account  of  tbe  rings  of  colours  produced  by 
electrical  explosions,  see  Colours  of  Saiural  XlodrVs, 
Circular  and  Fairy  Circta. 

RISING,  in  Astnmomy,  the  appcarcnce  of  the  sun,  or 
a star,  or  rither  luminary,  above  the  horison,  which  be- 
(on*  was  hid  U'ncath  it  By  reason  of  the  refraction  of 
the  atmosphere,  the  heavenly  bo<iies  always  appear  to  rise 
before  their  time  ; that  is,  they  are  seen  above  tbe  bori- 
ton,  while  they  are  really  below  it,  by  about  33'  of  a 
degree. 


There  are  three  poetical  kinds  of  rising  of  the  stars.  See 
AcRoaiCAL,  CosMiCAL,  and  IIcmacal. 

Kri*rtNHOUSE  (Dr.  David),  President  oftheAiuc- 
rican  Philosophical  ^ick-ty,  died  July  10,  l7^Kti  in  the 
6'4th  year  of  his  age.  11c  was  a native  of  Pennsylvania  ; 
and,  in  the  early  panoflife,  mixed  the  punuits  of  science 
with  tbe  active  employinoms  of  farming  and  watch-mak- 
ing. In  I7()9»  he  was  inviu-d  by  the  .American  Philoso- 
phical Society,  in  association  with  other  gentlemen,  for 
making  astronomical  observatinns,  particularly  of  the 
transit  of  Venus,  that  year;  when  he  greatly  distinguish-  / 
oH  hiniM'lf  by  tbe  accuracy  of  hia  obM*rvations  and  cal- 
culations. )le  afterwards  constructed  an  observatory, 
which  he  superintended  in  person,  and  which  bitcame  the 
source  of  many  important  discoveries,  as  well  as  greatly 
tended  to  the  general  dilTusion  of  science  in  the  wt*stcro 
world.  DiThng  the  American  war  he  was  an  active  as- 
serter  of  the  cause  of  indqjendence.  After  the  conclu- 
sion of  tbe  peace,  he  successively  flilod  the  offices  of  trea- 
surer of  tbe  state  of  Pennsylvania,  and  diri'Ctor  of  the  na- 
tional mint.  He  succeeded  the  illustrious  Franklin  in  the 
office  of  President  of  the  Philosophical  Society;  a situa- 
tion which  tbe  bent  of  his  mind,  and  the  course  of  his 
studies,  had  rendered  him  eminently  adequate  to  All.  To- 
wards the  close  of  his  life  he  had  retired  from  active  oc- 
cupations. He  was  the  author  of  si'veral  excellent  papera, 
chiefly  on  astronomical  subjects,  inserted  in  the  Traiisac- 
linns  of  the  American  Philosophical  Society. 

HIVF.K,  in  Geography,  a sta*am  or  current  of  fresh 
water,  flowing  in  a bed  or  channel,  from  a source  or 
spring,  into  the  sea.^When  the  stream  is  not  large  enough 
to  bear  boats,  or  small  Inaden  vessels,  it  is  properly  called 
by  the  diminutive.  Rivulet  or  Brook  ; but  when  it  is  con- 
siderable enough  to  carry  larger  vessels,  it  is  called  by 
the  general  name  River.— Rivulets  have  their  rise  some 
times  from  great  rains,  or  great  quantities  of  thawed 
snow,  esp4‘cially  in  mountainous  places ; but  they  more 
usually  arise  from  springs.— Rivers  themselves  all  arise 
either  from  the  confluence  of  several  rivulets,  or  from 
lakes. 

Rivtl,  in  Physics,  denotes  a stream  of  water  running 
by  its  own  gravity,  from  the  more  elevated  parts  of  tho 
earth  towards  tbe  lower  parts,  in  a natural  bed  or  chan- 
nel opi'n  abcv'c.— AVhen  the  channel  is  artificial,  or  cut  by 
art,  it  is  called  a canal;  of  which  there  are  two  kinds, 
via,  that  whose  channel  is  every  where  open,  without 
sluices,  called  an  artificial  river,  and  that  whose  water  is 
kept  up  and  let  off  by  means  of  sluices,  which  is  properly 
a canal. 

Modern  philosophers  endeavour  to  reduce  the  motion 
and  flux  of  rivers  to  precise  laws ; and  with  this  view  they 
have  applied  geometry  and  mechanics  to  this  subject;  so 
that  the  doctrine  of  rivers  is  become  a part  of  the  new 
philnaophy.  Tlie  authors  who  have  most  distinguished 
iliomselves  in  this  branch,  arc  the  Italians,  the  French, 
and  the  Dutch,  but  especially  the  first,  and  among  them 
more  particularly  Gulielroini,  and  Ximencs. 

Riwrs,  says  Gulielroini,  usually  have  their  source*  in 
mountains  or  elevated  grounds ; in  the  descent  from  which 
it  is,  that  they  mostly  acquire  the  velocity,  or  accriera- 
lion,  which  maintains  their  future  current.  In  propor- 
tion as  they  advance  farther,  this  velocity  diminishes,  on 
account  of  tho  c*>ntinual  friction  of  the  water  against  (he 
bottom  and  sides  of  the  channel ; as  also  from  the  various 
obstacles  they  meet  with  in  their  progri  sa,and  from  their 
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nrriviog  at  U-ngth  in  pUini  \vhere  the  dfftcent  i«  lets.  'rhu»  do  till  there  is  an  equilibrium  between  the  f<»rcc  of  the 
the  Reno,  a river  in  Italy,  wbicli  he  says  gave  occasion,  water  and  tlte  resistance  of  its  banks,  and  then  they  will 
in  Some  measure,  to  his  speculations,  is  found  to  have  remain  without  farther  change.  And  it  appears  by  ex- 
near  its  mouth  a declivity  ul  scarce  52  seconds,  being  pcriencc  that  these  equilibriums  are  all  real,  as  we  lind 
only  1 fiKit  in  4000.  that  rivers  only  deepen  aud  widen  to  a cetrain  pitch. 

>Vhen  ibo  acquired  velocity  is  quite  spent,  by  means  of  The  very  reverse  of  uU  lhe»f  things  does  also  on  some 
the  many  obstacles  that  the  water  meets  with,  so  that  the  occasions  happen.  Rivers,  whose  waters  arc  tiiich  and 
current  becumt's  horizunlal,  there  will  then  remain  no-  muddy,  raise  their  bed,. by  depositing  p«rt  of  the  lietero- 
thing  to  propagate  the  motion,  and  continue  the  stream,  geneous -mailers  contained  in  them  : they  also  contract 
but  the  depth,  or  the  perpendicular  pressure  of  the  water,  their  banks,  by  a continual  opposition  of  the  same  niut- 
whirii  is  always  proporitonul  to  the  depth.  And,  hu{>-  ter,  in  brushing  over  them.  This  matter,  bt*ing  thrown 
pily  for  us,  tins  resource  increaiHa,  as  the  occasion  for  aside  far  from  the  stream  of  water,  might  even  serve,  by 
it  increases;  for  in  proportion  as  the  water  loses  of  the  reason  of  the  duUiu'M  of  the  motion,  to  form  new  banks, 
velocity  acquinnl  by  the  <tcsccnr,  it  rises  and  increases  in  if  these  various  fauses  of  resistaucc  to  the  motion  of 
its  depth.— It  appears  from  the  laws  of  motion  pertaining  flowing  waters  did  not  exist,  viz,  the  attraction  and  con- 
to  bodies  moving  on  inclimd  planes,  that  when  water  tinual  friction  of  the  iMittom  imd  sides,  the  inequalities  in 
flows  fri'ely  upon  an  inclined  bed,  it  acquires  a velocity,  both,  the  windings  and  angles  that  occur  in  ihctr  course, 
which  is  always  ns  the  square  rout  of  the  quantity  of  and  the  diniinuuun  of  their  declivity  the  laither  they  re- 
descent  of  the  bod.  Rut  in  an  horizontal  bid,  opeiM'd  b)v  cede  from  their  springs,  the  velociiy  of  their  currents 
sluices  or  oiherwisv*,  at  one  or  both  ends,  the  water  flows  would  be  accelerated  to  10,  15,  or  even  2U  ittni-s  more 
out  by  its  gravity  alum*.  than  it  is  at  picsent  in  the  same  rivers,  by  which  they 

The  upper  parts  of  the  water  of  a river,  ami  those  at  would  become  absolutely  unnavigable. 
a distance  fiom  the.  bankr,  inav  continue  to  How,  fri>in  The  union  of  two  rivers  into  one,  makes  the  whole  ' 
the  simple  cause  or  principle  of  declivity,  how  small  flow  the  swifter,  because,  instead  of  the  friction  ol  lour 
soever  it  be  ; for  not  being  ueUined  by  any  obstacle,  the  shores,  they  have  only  two  to  overcome,  and  one  bottom 
roimiti'^t  diflcience  of  level  will  have  iu  effect ; but  the  instead  of  two  ; also  the  stream,  being  fartiur  distant  iVoin 
lower  parts,  which  roll  aloqgthc  bottom,  will  scarcely  be  the  banks,  goes  on  with  the  less  interruption,  besides,  that 
sensible  of  so  small  a declivity  ; and  will  only  have  whut  a greater  quantity  of  water,  moving  with  a greater  veb>- 
snotiun  they  receive  from  the  pressure  of  the  supi'rincum-  city,  digs  do*  per  in  the  bed,  and  of  course  retrenches  its 
bent  waters.— The  greatest  velocity  of  a river  is  about  the  former  width.  Hence  aUo  it  is,  that  iivi  r>,  by  btdiig 
middle  of  its  depth  and  breadth,  or  that  point  which  is  united,  lake  up  less  space  on  the  surface  of  the  earih, 
the  farthest  possible  from  the  surface  of  the  water,  and  and  are  more  advantageous  to  low  grounds,  which  dmin 
from  the  bottom  and  sides  of  the  bed  or  channel.  Where-  their  supirfluous  moisture  into  them,  and  have  also  less 
as,  on  the  contrary,  the  least  velocity  of  the  water  is  at  occasion  for  dykes  to  prcvciil  their  overflowing, 
the  bottom  and  sides  of  the  bed,  because  there  the  resist-  A very  good  and  simple  incihuJ  of  measuring  (he  ve- 
auce  arising  from  friction  is  the  greatest,  which  is  com-  locity  of  (he  current  of  a river,  or  canal,  is  the  lotlowing. 
muiiicaled  to  the  other  paits  of  the  section  of  the  river  Take  a cylindrical  phee  of  dry,  light  wood,  and  of  a 
inversely  as  the  distances  from  the  bottom  and  sides. — length  something  less  limn  the  depth  of  the  water  in  the 
To  find  whether  the  water  of  a river,  almost  hurizonul,  river;  about  one  end  of  it  let  there  be  suspended  as 
flows  by  means  of  the  velocity  acquired  in  its  descent,  or  many  small  weights,  a>  may  keep  the  cylinder  in  a ver- 
hy  the  pressure  of  its  depth  ; set  up  an  obstacle  perpen-  tical  or  upright  position,  with  its  head  ju.st  above  water, 
dicular  to  it ; then  if  the  water  rise  and  swell  immediately  To  the  centre  of  this  end  fix  a small  strai<:ht  rod,  pre* 
gainst  the  obstacle,  it  runs  by  virtue  of  its  fall;  but  if  ciscly  in  the  direction  of  the  cylinder's  axis ; m order 
it  first  stop  a little  while,  in  virtue  of  its  pres.surc.  that,  when  the  instrument  is  suspended  in  the  wnUT,  the 

Rivers,  accoriliiig  to  (his  author,  almost  always  make  deviations  of  the  rod  from  a ]>crpendicuUrity  to  the  sur- 
their  own  beds.  If  the  bottom  have  originally  been  a face  of  it,  may  indicate  which  end  of  the  cylinder  goes 
Urge  declivity,  the  water,  hence  falling  with  a great  force,  foremost,  and  by  which  may  be  discovered  the  different 
will  have  swept  away  the  most  elevateii  parts  of  (be  sidl,  velocities  of  the  water  at  dilfcrent  depths ; for  when  the 
and  carrying  them  lower  down,  will  gradually  remfer  the  rod  iiiclincf  forward,  according  to  the  direction  of  the 
bottom  more  neaily  horizontal.— 'file  water  having  made  current,  it  is  a proof  that  the  surface  of  the  water  has 
its  bed  horizomal,  becomes  so  ibelf,  and  consei|Ucnlly  the  greatest  velocity ; but  when  it  reclim's  backward,  it 
rakes  with  the  less  force  against  the  bottom,  till  ot  length  shows  that  the  sniltest  current  is  at  ihebuitom ; and  when 
that  force  becomes  only  equal  to  the  resistance  of  the  bot-  it  remains  perpendicular,  it  is  a sign  that  (he  velocities  at 
loin,  which  is  now  arrived  at  a stale  of  permanency,  at  the  top  and  bottom  are  equal. 

least  for  a considerable  time ; and  the  longer  according  to  This  inslrumeni,  being  placed  in  the  cuririit  of  a river 
the  quality  of  the  soil,  clay  and  chalk  resisting  longer  or  canal,  rcccivesall  the  percussinnsof  iho  water  tbrmigh-  ' 

than  sand  or  mud.  out  the  whole  depth, and  will  have  an  equal  velocity  with 

On  the  other  hand,  the  water  is  continually  wearing  that  of  the  whole  current  from  the  surluce  to  the  boitoin 
away  the  brims  of  ils  channel,  and  (his  with  the  more  at  the  place  where  it  is  put  in,  and  by  thut  means  may 
force,  a.s,  hy  the  direction  of  its  stream,  it  impinges  more  be  found,  both  with  exactness  and  eaiw,  the  mean  ve- 
ditectly  against  them.  By  this  means  it  has  a continual  locity  of  that  part  of  (be  river  for  any  determinate  dis- 
tendency  to  render  them  parallel  to  its  own  course.  At  tance  and  time. 

the  same  time  that  it  has  thus  rectified  its  edges,  it  has  But  to  obtain  the  mean  velocity  of  the  whole  section  of 
widened  its  own  bed,  and  thence  becoming  less  de«‘p,  it  the  river,  the  imlrument  must  be  pul  succcs>ively  both 
Ris«s  part  of  its  force  and  pressure:  this  it  continues  to  io  (he  middle  and  towards  (besides,  because  the  velocities 
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■t  those  places  arc  often  very  different  from  each  other.  ROBlilRTSON'  (Joitv),  t.  n.  a.  was  born  in  the  year 
Huvin^;  by  (his  means  found  the  several  vrlocitieSt  from  (712 ; end  though  he  was  at  first  placed  out  in  a trade, 
the  spaces  run  uver  in  certain  times,  the  arithmetical  yet  he  mu'^t  soon  have  quitted  it,  as  in  the  titU’ of  his  first 
mean  proportional  of  all  these  trials,  which  is  found  by  book,  a Complete  Treatise  on  Mensuration,  in  I73d»  he 
dividing  the  common  sum  of  them  all  by  the  number  of  is  sigh'd  Teacher  of  (he  mathematics,  in  this  lirn*,  as  a 
the  trials,  w ill  be  the  mt'nn  velocity  of  the  river  or  canal,  private  teacher,  he  continued  scseral  years,  till  in  1754 
And  if  this  mrdinn>  velocity  be  multiplied  by  the  area  he  was  appointed  Musur  of  the  Jloyal  Mathematical 
of  the  transvem*  st'Clion  of  the  waters  at  any  place,  the  School  in  Christ’s  Hospital;  in  which  ^rara)>u  he  pub* 
product  will  be  the  quantity  running  through  that  place  lished  the  first  edition  of  his  CU-ments  of  Navigation, 
in  a second  of  time.  The  year  following,  however,  he  left  Christs  Hospital, 

If  it  be  required  (o  find  the  velocity  of  the  current  only  in  consequence  of  an  Admiralty  appointment  to  be  first 
at  the  surface,  or  at  the  middle,  or  i«t  the  bottom,  a sphere  master  of  the  Royul  Naval  Academy  at  Portsmouth;  soon 
of  wood  loaded,  or  a common  bottle  corked  with  a little  after  which  he  published  his  'I'reutisc  on  MathcmaticAl 
water  in  it,  of  such  a weight  as  will  remain  sus|K;nded  in  Instruments.  In  17(>^>  through  (he  petty  cubaU  of  these* 
rquilihriuro  w ith  the  walrr  at  the  surface  or  depth  which  cond  master,  they  were  both  dismissed  from  that  service  b'y 
we  want  to  measure,  will  he  better  for  the  purpost*  than  the  first  lord  of  the  Admiralty ; on  which  Mr.  U.  returned 
the  Cylinder,  because  it  is  only  afiected  by  the  water  of  to  London,  where  he  was  soon  appointed  clerk  and  libra* 
that  sole  part  of  the  current  where  it  ixuuairu  sus*  nan  to  the  Royal  Society  ; an  office  which  he  respectably 
pended.  held  to  the  time  of  bis  death,  in  December  177^>  at  fii 

It  follows  from  what  has  been  said  in  the  former  part  years  of  age. 
of  this  article,  that  the  deeiKT  the  waters  are  in  their  bed  Besides  the  three  works  above-mentioned,  which  were 
* in  proportion  to  its  breadth,  the  more  their  motion  is  ac-  all  e.scelient  of  (heir  kind,  particularly  the  Navigation, 
ccleraird  ; so  that  their  velocity  Increases  in  the  inverse  he  had  many  ingenious  pnpt.'rs  inserted  in  the  Philos, 
ratio  of  the  breadth  of  the  bed,  and  also  of  the  magnitude  Trans,  from  the  4tilh  to  the  OOtii  volume.  Mr.  11.  was  a 
of  the  section;  whence,  in  order  to  augment  the  velocity  person  of  very  honourable  character  and  conduct,  being 
of  water  in  a river  or  canol,  without  increasing  the  de-  greatly  respected  by  the  more  )earm*d  and  best  characters 
clivity  of  the  bed,  wc  must  increase  the  depth  of  the  among  the  members  of  the  Iloyal  Society ; on  most  occa- 
chaimet,  and  diminish  its  breadth.  And  these  principles  sions  his  advice  in  the  council  was  much  ngarded ; ami 
«re  agreeable  to  observation ; as  it  is  well  known,  that  the  he  had  the  honour  to  be  one  of  the  commilli-c  chosen  to 
velocity  of  flowing  waters  de|)cnds  much  more  on  the  inspect  and  N-ptirt  on  the  government’s  powder-mugaxine 
quantity  and  defilh  of  the  water,  and  on  the  compression  at  Purfleet,  concerning  ils<lamage  and  security  from  light* 
of  the  upper  parts  on  the  lower,  ihan  on  thi'  declivity  of  ning.  In  bis  mode  of  leaching,  and  arranging  the  matter 
the  bed;  and  therefore  the  declivity  of  a river  must  be  in  his  publications,  Mr.  R.  was  remarkably  neat  and  me- 
made  much  greater  in  the  beginning  Iban  toward  the  end  thodical ; u habit  which  lie  probably  in  tome  measure  ac* 
of  irs  course;  where  it  should  be  almost  insensible.  If  quired  in  imitation  of  his  good  friend  and  master,  William 
the  depth  or  volume  of  water  in  a river  or  canal  be  con-  Jones,  esq.  many  of  whose  papers,  on  bis  decease,  came 
siderable,  it  will  niffirc,  in  the  part  next  the  mouth,  to  into  the  possession  of  .Mr.  H.  which  were  sold  by  auction, 
allow  one  foot  of  declivity  through  6(KK>.  or  bOOO,  or  along  with  the  valuable  library  of  tbe  latter,  after  hit 
even  (according  to  Oechales,  De  P'ontibus  et  Fluviis,  death,  on  w Ifich  occasion  many  of  them  were  purchased 
prop.  19)  10, (KH)  feet  in  horiaontal  extent ; at  most  it  by  myself. 

TM*ed  not  be  above  1 in  6or7  thousand.  From  hence  the  UOBEUVAL  (Ch^s-Pfuson'ne),  an  eminent  French 
quantity  of  declivity  in  equal  spaces  must  slowly  and  mathematician,  was  born  in  16‘02,  at  Roberval,  a parish 
gradually  increase  as  far  as  the  current  is  to  be  made  fit  in  the  diocese  of  Beauvais.  He  was  fii^r  professor  of  ma* 
for  navigation ; but  in  sucb  a maimer,  that  at  (his  upper  (hematics  at  the  College  of  Maitre*Gcrvais,  and  afterwards 
end  there  may  not  be  above  one  foot  of  {icrpcndicular  de-  at  the  Collrge-roya).  A similarity  of  taste  cannectrd  lam 
clivity  in  4000  feet  of  horizontal  extent.  with  Gassendi  and  Morin;  the  latter  of  whom  be  suo 

To  conclude  this  article,  M«  de  Bulfon  observes,  that  cecded  in  the  mathematical  chair  at  the  Royal  College, 

people  accustomed  to  river*  cun  easily  foretell  when  there  without  quitting  however  that  of  Ramus, 
is  going  to  be  a sudderr  increase  of  water  in  the  bed  from  Roberval  madoc.xperimenison  the  Torricellian  vacuum: 
floods,  produced  by  (.udden  falls  of  rein  in  the  higher  be  invented  (wo  new  kinds  of  balance,  one  of  which  was 
counlrtis  through  which  (hr  rivers  pass.  This  they  per-  prop<*r  fur  weighing  air;  and  made  many  other  curious 
ccive  by  a particular  motion  in  .the  water,  which  they  experiments.  He  was  one  of  the  first  inerohers  of  the 
express  by  saying,  that  the  river*  bottom  movw,  that  is,  ancient  Academy  of  Sciences  of  106d;  but  died  in  1()75, 
the  water  at  the  buiiom  of  the  channel  runs  off  faster  than  at  73  years  of  age.  His  principal  works  arc, 
usual ; and  this  increase  of  motom  at  the  bottom  of  a I.  A Treatise  on  Mechanics.  , 

river  always  annuunci’S  a sudden  increase  of  water  coming  II.  A work  entitled  Aristarchus  Samos, 

down  the  stream.  Nor,  says  he,  is  their  opinion  ill  He  hod  several  memoirs  inserted  in  the  volumes  of  the 

grounded;  because  the  motion  and  weight  of  the  wnters  Academy  of  Sciences  of  viz,  I.  I'xiierimenls  con- 

comtng  down,  though  not  yet  arrivevl,  must  act  op<»n  the  cerning  the  Pressure  of  the  Air.  2.  Obwrvaiions  on  the 
waters  in  the  lower  parts  of  the  river,  and  communicate  Composition  of  Motion,  ami  on  the  latigont*  i»f  Curve 
by  impulsion  part  of  their  motion  to  them,  within  a cer-  lanes.  3.  The  Recognition  of  Kqualions.  4.  Tlie  Geo- 
tain  disiuiice.  imtrical  Resolution  of  Plane  and  Cubic  Fquations.  5. 

On  the  subject  of  this  articlr,  h'C  an  elaborate  tmiisc  Treatise  on  Indivisibles.  6’.  On  the  Trochoid,  or  Cycloirl, 
on  rivers  and  canals,  in  the  Philos.  Tran*,  vol.  69,  pa.  7.  A Letter  to  Father  MerstiUH-.  S.  Two  Letters  from. 

553  iVc,  by  -Mr.  Mann,  who  has  availed  biroself  of  the  Torricelli.  It,  A new  kind  of  Balance, 

obaervaiioos  of  Guliclminii  and  most  other  writers. 
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HOBERVALLIAN  Lines,  « name  given  to  certain 
iine»,  u>ed  for  the  tran^fornmliun  ol  tiguies  t lhu»  callvtl 
fnjm  tbeir  inventor  Uobi'rval.  These  Imi-s  buuiul  spaces 
that  are  infinitely  extended  in  length*  which  arc  never* 
thelcss  equal  to  other  spaces  iliut  are  terminated  on  ail 
sides. 

The  abbot  Gallois,  in  the  Memoirs  of  the  Royal  Aca* 
demy,  anno  IO9J,  observes,  that  the  method  of  trans- 
forming figures,  explained  at  the  latter  end  of  KuUrvai’s 
treatise  of  IndiviMbles,  was  the  same  with  that  afterwards 
pt)hli«hed  by  James  Itregory',  in  his  (ieometria  Univer- 
salis, and  also  by  Barrow  in  his  Lcclionos  Gconietrirae; 
and  that,  by  a letter  of  Torricelli,  it  appears,  that  Uo- 
borvul  was  the  inventor  of  this  method  of  transforming 
figiiies,  by  means  of  certain  lines,  which  'Porricelli  there- 
fore called  RobtTvallian  Lines.  He  adds,  that  it  >s  highly 
probable,  that  J.  Gregory  first  learned  the  method  in  the 
j-mrney  he  made  to  Badua  in  the  method  itwdf 

having  been  known  in  Italy  from  the  year  1044$,  though 
the  b*mk  was  not  published  till  the  year  U)*)2 

'I*his  account  Duvid  Gregory  has  endcavoun'd  to  refute, 
in  vindication  of  his  uncle  Jurat's.  His  answer  is  inserted 
in  the  i’hilos.  Trans,  of  nnd  the  abbot  rejoined  in 

the  French  Memoirs  of  the  Academy  of  17OJ. 

ROBINS  (Benjamik),  an  Hnglish  mathematician 
and  philosopher  of  great  genius  and  eminence,  was  born 
at  Batb  in  Somersetshire,  1707>  His  parents  were  Qua- 
hoi's  of  low  condition ; and  consequently  neitht  r able  irom 
their  circumstances,  nor  witling  from  their  religious  pm- 
^e»sioi],  to  have  him  much  instructed  in  that  kind  uf  h'arn- 
ing  which  they  arc  taught  to  despise  as  human.  Never- 
theless, he  made  an  early  and  surprising  progress  in  va- 
rious branches  of  science  and  literature,  particularly  in 
the  mathematics ; and  his  friends  being  dinirous  that  ho 
might  continue  his  pursuits,  and  that  hi«  merit  might  not 
be  buried  in  obscurity,  wished  that  he  could  be  properly 
recommended  to  tcacli  that  science  in  London.  Accord- 
ingly, a specimen  uf  his  abilities  in  this  way  was  sent  up 
thither,  and  shown  to  Dr.  Pemberton,  the  author  of  the 
“ View  of  Sir  Is<iac  Newton's  Philosophy;”  who,  thence 
conceiving  a good  opinion  of  the  wjiiier,  for  a farther  trial 
of  his  skill  sent  him  some  problems,  which  Robins  resolved 
very  much  to  his  satisfaction.  He  then  came  to  London, 
where  be  confirmed  the  opinion  which  bad  been  precon- 
coived  of  his  abilities  and  knowledge. 

But  though  Robins  was  possessed  of  much  more  skill 
than  is  usually  required  in  a common  teacher;  yet  being 
very  young,  it  was  thought  proper  that  he  should  em|>loy 
some  tinfe  in  perusing  the  best  writers  upon  the  sublimer 
parts  of  the  mathematics,  before  he  should  publicly  un- 
dertake the  instruction  of  others.  In  this  interval,  besidei 
improving  himself  in  the  modern  languages,  he  had  op- 
portunities of  reading  in  particular  the  works  of  Archi- 
medes, Apollonius,  Fermat,  Huygens,  Dc  Witt,  Sluvius, 
Gregory,  Barrow,  Newton,  Taylor,  and  Cou-s.  These 
atilhors  he  readily  understood  without  any  as.-iistance,  uf 
which  he  gave  frequent  proofs  to  bis  friends : one  was,  a 
demonstration  of  ibe  last  proposition  of  Newton's  treatise 
on  Quadratures,  which  was  thought  not  undeserving  a 
place  in  the  Philosophical  Transactions  fur  l?t?7. 

Not  long  after,  an  opportunity  occurred  of  exhibiting 
(o  tlie  public  a specimen  also  of  his  knowledge  in  Natural 
Pliiloviphy.  The  Royal  .Academy  of  Sciences  at  Paris 
had  proposed,  among  their  prize  questions  in  1724  and 
1720,  to  demonstrate  the  laws  of  motion  in  bodies  im- 


pinging on  one  another.  John  Bernoulli  here  conde- 
scended io.be  a candidate;  and  as  bis  nissertation  lost  the 
reward,  be  appeiilcd  to  the  lean>ed  world  by  printing  it 
in  1727.  In  ibis  pii'ce  he  cndi-avoured  to  establish  Leib- 
nitz’s opinion  of  the  force  of  bodies  in  motion  from  the  ef> 
feels  ot  their  striking  against  springy  materials;  as  Poleni 
had  l»efon*  attempU-d  to  evince  the  same  thing  from  expe- 
riments of  bodies  failing  on  soft  and  yielding  .substances. 
But  os  the  insufficiency  of  Poleni's  argumentb  had  b<‘cn 
demonstrated  in thcPhilosophicalTransnclions,  for  1723; 
&o  Robins  published  in  the  Pri'sent  State  of  the  Republic 
of  Li  tters,  for  May  1728,  a Confutation  of  Beriwulli's 
performance,  which  was  allowed  to  be  unanswentble. 

Robins  now  began  to  take  scholars;  and  about  this 
time  he  quitted  the  garb  and  profi'saion  of  a Quaker;  lor, 
having  neither  enthusiasm  nor  superstition  in  his  nature, 
as  became  a m.’iiheroaticiun,  he  soon  shook  olT  the  preju- 
dices of  such  early  habits.  But  though  be  professed  to 
teach  the  niuihematics  only,  he  would  frequently  asetst 
particular  friends  in  other  matters;  for  he  was  a man  of 
universal  knowledge:  and  the  confiuemeut  of  ibis  way  of 
life  not  suiting  his  disposition,  which  was  active,  be  gra- 
dually declined  it,  and  went  into  other  courses,  that  re- 
quired more  exercise.  Hence  be  tiled  many  laborious 
experiments  in  gunnery ; believing  that  the  resistance  of 
the  air  had  a much  ga*atcr  efiect  on  swift  projectiles,  than 
was  generally  supposed.  And  hence  he  was  led  to  con- 
sider them.’  mechanic  arts  that  depend  upon  mathematical 
principles,  in  which  he  might  .employ  his  invention : as, 
(he  constructing  uf  mills,  the  building  of  bridges,  draining 
of  fens,  rendering  of  rivers  navigable,  and  making  of  har- 
bours. Among  other  arts  of  this  kind,  fortification  very 
much  engaged  his  allenlion;  in  which  he  met  with  op- 
purlunitic*sof  pt^rfecting  himself,  by  a view  gf  the  principal 
strong  places  of  Flaudrrs,  in  some  journeys  be  made  abroad 
with  persons  of  distinction. 

On  his  return  home  from  one  of  these  excursions,  he 
found  the  learned  here,amuse(I  with  Dr.  Berkeley's  trea- 
tiK',  printed  m 1734,  entitled,  The  Analyst lu  which 
an  examination  was  made  into  the  grounds  of  the  doctrine 
of  Fluxions,  and  occasion  thence  taken  to  explode  that 
method.  Robins  was  therefore  advised  to  clear  up  this 
aff.iir,  by  giving  a fuU  and  distinct  account  of  Newton’s 
doctrines,  in  such  a manner,  as  to  obviate  all  the  objec- 
tions without  naming  them,  which  had  bceu  advanceil  by 
Berkeley;  and  acconiingly  he  published,  in  1/33,  A Dis- 
course concerning  the  Nature  and  Certainly  of  Sir  Isaac 
Newton’s  .Method  of  Fluxions,  and  of  Prime  and  Ultimate 
Haiios.  This  is  a vii-y  clear,  neat,  and  elegant  perform- 
anc*e:  and  yet  some  (MrrMins  <^ven  among  those  who  had 
written  against  The  Analyst,  taking  exception  at  Robins's 
manner  of  delending  Newton’s  doctrine,  he  afterwards 
wroie  two  or  thiee  additional  diicc.urws. 

Ill  1738,  be  diliiided  Newton  against  an  objeriion, 
contained  in  n note  at  the  end  of  a Latin  pii-ce,  called 
*'  Matho,  sive  Cosmoiheofia  puprilis,"  written  by  Baxter, 
author  of  ilie  **  Inquiry  into  the  Nature  of  the  Human 
Jyiiil and  thb  year  after  be  prinU'd  Remarks  on  Euler’s 
Treatise  of  .Motion,  on  Smith's  System  of  OpHcs,  and  on 
J.unii's  Discourse  of  Distinct  and  Indistinct  Vision,  an- 
nexed to  Dr.  Smith's  work. 

In  the  mean  lime  Robins's  performances  were  not  con- 
fined to  iqathemaiical subjects:  for,  in  1739>  he  published 
three  pamplileis  on  political  affairs,  which  did  him  great 
honour.  The  first  was  entitled,  Ohservu;i<ms  on  the  pre- 
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sent  Convention  with  Spain : (he  second,  A Narrative  uf 
wbat  pnssc'd  tii  the  Common  Hall  of  the  Citizens  of  Lnii> 
d<Hi,  assembled  fur  the  Election  of  a Lord  Mayor:  the 
third.  An  Addn^sa  to  ihe  Electors  and  other  free  Subjects 
of  Great  Britaiii,  occasioned  by  the  late  Succession  ; in 
which  is  contained  u Particular  Account  of  all  our  No(|;o> 
ciaiiuns  with  SfKtin,  and  their  I'realmcnt  of  us  fur  above 
ten  years  past.  These  were  all  published  without  our  au- 
thor’s name  t ami  the  (irst  and  last  were  so  universally 
estr^nied,  that  they  were  uencrally  reputed  to  have  been 
the  production  of  the  i^reat  man  himself,  who  was  at  the 
head  of  the  op|>ositi(m  to  Sir  Robert  Walpole.  They 
proved  of  such  consequence  to  Mr.  Robins,  as  to  nccasifrn 
his  being  employed  in  a very  honourable  post;  for,  the 
patriots  at  length  gnining  ground  agHin>t  Sir  Robert,  and 
a committee  of  the  House  of  Commons  being  appointed 
to  examine  into  his  past  conduct,  Robins  was  cho«en  tlieir 
•rcrelary.  But  after  the  committee  had  prewiitcd  two 
reports  of  their  proceedings,  a sudden  stop  was  put  to 
their  farther  progress,  by  a compromise  between  the  con- 
tending parties. 

In  174?,  being  again  at  leisure,  he  published  a small 
treatise,  entitled.  New  Principles  of  Gunnery  ; containing 
the  ri-sult  of  many  experiments  that  he  had  made,  by 
which  are  discov«'rrd  the  force  of  gunpowder,  and  the  dif- 
ference in  the  resisting  power  uf  the  air  to  swift  and  slow 
motions.  To  this  treatise*  was  prefixed  a full  and  learned 
account  of  the  progress  which  modern  fortification  had 
made  from  its  first  rise;  as  also  of  the  invention  of  gun- 
powder, and  of  wbat  had  already  been  performed  in  the 
iheoiy  of  gunnery.  It  seems  that  the  occasion  of  this 
puolicntion,  was  the  disappointment  of  a situation  at  the 
Royal  Military  Academy  hi  Woolwich.  On  the  new  mo- 
delling and  establishing  of  that  Academy,  in  1741,  our 
author  and  the  late  Mr.  Muller  were  competitors  for  the 
place  of  professor  of  forcificailon  and  gqanerv.  Mr. 
Muller  held  then  some  post  in  the  Tower  of  i^mdon, 
under  the  Board  of  Ordnance,  so  that,  notwithstanding 
the  great  knowledge  and  abilities  of  our  author,  the  interest 
which  Mr.  Muller  had  with  the  Board  of  Ordnance  car- 
ried the  election  in  his  favour.  On  this  diiMippointioent 
Mr.  Robins,  indignant  at  the  affront,  determined  to  show 
them,  and  the  world,  by  his  military  publications,  wbat 
sort  of  a man  he  was  that  they  had  rejected. 

On  a discourse  contHining  certain  ex|>erimenu  being 
published  in  the  Philosophical  Transactions,  with  a view 
to  invalidate  some  uf  Riibins’s  opirrioni,  he  thought  pro- 
per, in  an  account  he  gave  of  his  book  in  the  same  Trans- 
actions, to  take  notice  of  those  experiments ; and  in  con- 
sequence of  this,  several  dissertations  of  his  on  the  resist- 
ance of  the  air  were  read,  and  the  experiments  exhibited 
before  the  Royal  Society,  in  174<)  and  1747;  f^  which 
he  was  presented  with  the  annual  gold  medal  by  that 
Society. 

In  1748  came  out  Anson's  Voyage  round  the  World  ; 
which,  though  it  bean  Walter's  name  in  the  title-page, 
was  in  reality  written  by  Robins.  Of  this  voyage  the 
public  had  for  some  time  been  in  expectation  of  seeing 
an  account,  composed  under  that  commander's  own  in- 
spection : for  which  parposc  the  reverend  Richard  Wal- 
ter was  employed,  as  having  been  chaplain  on  board  the 
Cenluriuu  Uic  greatest  part  of  the  expedition.  Walter 
had  accordingly  almoat  finished  his  task,  having  brought 
it  down  to  his  own  departure  from  Macao  for  England  ; 
wbcu  be  proposed  to  prioC  his  work  by  subscription.  It 


was  thought  proper  that  an  able  judge  should  first  review 
anti  correct  it,  and  Rubms  was  appointed;  when,  on  cx- 
uiniimtion,  it  was  ri-solvcd,  that  the  whole  should  be  writ- 
ten entirt'ly  by  Robins,  and  that  what  Walter  had  done, 
being  mostly  taken  verbatim  from  the  journals,  should 
serve  a^  mati-riaU  only.  Hence  it  was  that  the  whole  of 
the  introduction,  and  many  dissertations  in  the  body  of 
the  Work,  were  conipn-wd  by  Robins,  without  receiving 
else  lea.Ht  hint  from  Walter's  manuscript;  and  what  he  had 
transcribed  from  it  regarded  chufly  the  wind  and  wea- 
ther, the  currents,  courses,  bearings,  distances,  offings, 
soundings,  moorings,  the  qualities  of  the  ground  they  an- 
ebpu'd  on,  and  such  particulars  as  usually  fill  up  a sea- 
man s account.  No  production  of  this  kind  ever  met  with 
a more  favourable  reception,  four  large  impressions  hav- 
ing been  sold  otT  within  a year:  it  was  m1m»  translated  into 
most  of  the  Kuropeaii  languages;  and  it  still  supports  its 
reputation,  liaving*bi-cn  repeatedly  reprinted  in  various 
sizes.  The  fifth  edition  at  London  in  1749  was  revised 
and  corrected  by  Robins  himself;  and  the  9th  edition  was 
printed  there  in  17t>l. 

Thus  becoming  famous  f(»r  his  elegant  talents  in  writing, 
he  was  requested  to  compose  an  ap^dogy  for  the  unfor- 
lupate  afl'air  at  Prestonpans  in  Scotland.  This  was  ndd- 
ed  as  a preface  to  the  Report  of  the  Proceedings  and 
Opinion  of  the  Board  of  General  Officers  on  ibt  ir  Exami- 
nation into  the  Conduct  of  Lieutenunt-Genenil  Sir  John 
Cope,  ^c,  printed  at  London  in  174.0;  which  preface  waa 
esCeemiMl  a master-piece  of  its  kind. 

Robins  had  afterwards,  by  the  favour  of  lord  Anton, 
opportunities  of  making  farther  experiroents  in  Gunnery  ; 
which  have  bivn  published  since  his  death,  in  the  edition 
of  his  works  by  his  friend  Dr.  Wilson.  He  also  not  a 
little  contributed  to  the  improvements  made  in  the  Royal 
Observatory  at  Greenwich,  by  procuring  for  it,  throogh 
tlie  interest  of  the  same  noble  person,  a second  mural 
quadrant,  and  other  iiistrumems;  by  which  it  became 
perhaps  the  most  complete  of  any  observatory  in  the 
world. 

His  reputation  being  now  arrived  at  rts  meridian,  be 
was  offered  the  choke  of  two  very  considerable  employ- 
ments. The  first  was  to  go  to  Paris,  as  one  of  the  com- 
missaries for  adjusting  the  limits  in  .Acadia  ; the  other,  to 
be  engineer  general  to  the  i'Ust  India  Company,  whose 
forts,  being  in  a most  ruinous  condition,  wanted  an  able 
person  to  put  them  into  a proper  state  of  def«  nee.  He 
accepted  the  latter,  at  it  was  suitable  to  his  genius,  and  as 
the  Company's  terms  were,  both  advantageous  and  honour- 
able. Ho  designed,  if  he  had  remaim'd  in  England,  to 
have  written  a second  part  uf  the  Voyage  round  Iba 
World;  as  appears  by  a letter  from  lord  Anson  to  him, 
dated  Bath,  Oct.  1749t  as  follows. 

**  Dear  sir— When  1 last  saw  you  in  town,  I forgot  tor 
ask  you,  whether  you  intendc'd  to  publish  the  second  vo* 
lumo  of  ray  V'oyage  before  you  leave  us;  which  I con- 
fess I am  very  sorry  fur.  If  you  should  have*  laid  aside 
all  thoughts  of  favouring  the  world  with  more  of  your 
works,  it  will  be  much  disappomted,  and  no  one  tn  it 
more  than  your  very  obliged  humble  servant, 

“ Aksow." 

Robins  said,  a little  before  his  death,  that  the  only 
thing  he  had  to  regret  duririg  hts  life,  wa.s  writing  loitl 
.Anson’s  voyage.-  Hence  it  has  been  supposed  the  rjpec- 
tutim  induced  him  to  heif^iten  the  iiarrurive ; but  it  loctns 
that  his  principal  reward  consisted  io  promites. 
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Uoljins  was  also  preparing  an  cnlur:;id  ediiion  uf  las 
New  Principles  of  (iuniicr)  : but,  hiivmg  proMiiv<l  lain- 
self  witii  a complete  set  of  asiironmiitcal  iinO  ulln-r  inttriu 
mchl!i»  fur  moking  ubservaliuiis  and  experiments  in  (be 
liidirs,  he  Jc|iui(<-cl  Ircnce  alClinsinia> at  174.0;  anti  alter 
a voyage,  in  which  the  ship  was  ncur  being  ca^l  uwa;.  he; 
arrived  there  in  July  fuliuuntg.  lh‘  iiiiim'dintJ)  n'l 
about  his  proper  business  with  the  greuie>t  dilit>ence,  und 
formed  cumpicte  plans  fur  Fort  St- Ua\i*l  tiiul  Madr.ts: 
but  he  did  not  live  tn  put  them  into  executmn.  For  the 
gimt  d Di  It  iicc  uf  the-  climate  from  that  ut  l.iiglaud  being 
beyumi  his  c«mstitutioit  to  support,  he  was  aliackid  by  it 
fever  in  S'ptt  ntber  the  same  year;  and  thouch  he  recover- 
ed out  of  this,  yet  about  eight  lounths  attei  he  fell  into  it 
languislitng  condition,  in  which  he  coniiniied  till  his 
death,  which  happened  the  ‘i^th  of  July  173lt  u>dy  4k 
)ear»  of  age. 

By  his  last  will,  JUr.  Hobins  left  tbe  ptiblidiing  of  his 
Mulhcmaljcal  Works  to  his  honoured  and  intimate  friend 
Martin  FolkcB,  e«q.  president  uf  the  Ho)ul  Society,  and 
to  Dr.  James  Wilson;  but  ibe  former  of  t)u«e  gentlemen 
being  mcapacitnti*d  by  a paralytic  dlsurdrr,  for  Mtme  time 
before  his  death,  they  worv!  ntterwards  published  by  tire 
latter,  in  2 volumes  8vu,  17(>1.  To  this  collection,  which 
contains  his  muthematical  and  philosuphictd  pieces  only. 
Dr.  Wilson  has  prefixed  nn  account  of  Mr.  Robins,  from 
which  this  memoir  is  chiefly  extracted,  lie  added  idixj  a 
large  appi  ndix  at  the  end  of  the  second  volume,  contain- 
ing a great  many  curious  and  critical  maUers  in  various 
interv'sting  parts  of  the  mathematics.  As  to  Mr.  Robins's 
own  papers  in  these  two  volumes,  they  arc  as  follow  : via, 
in  vol.  1, 

1.  New  Principles  of  Gunnery,  First  printed  in  1742. 

S.  An  account  of  that  book.  Read  before  tbe  Royal 
Society,  April  the  l4th  and  21s(,  1743, 

3.  Of  the  Resistance  of  the  Air.  Read  tbe  12th  of 
June,  1746. 

4.  Of  (he  Resistance  of  tbe  Air ; together  with  (he  Me- 
thod of  computing  the  Motions  of  Bodies  projected  in 
that  Medium.  Read  June  19,  1746. 

5.  Account  of  Experiments  relating  to  the  Resistance 
of  tbe  Air.  Read  ihc  4lh  of  June,  1747, 

6.  Of  the  Force  of  Guiipo  vder,  with  the  Computation 
of  the  Velocities  thereby  communicated  to  military  Pro- 
jectiles. Read  the  25lh  of  June,  1747. 

7.  A Comparison  of  the  Foc^vrimcntal  Rangi^s  of  Can- 
non and  Mortars,  with  the  Ttieury  conuinvtl  in  the  pre- 
ceding papers.  Read  tbc27th  of  Jurve,  1751. 

8.  Practical  Maxims  relating  tn  the  Edects  and  Ma- 
nagement uf  Artillery,  and  the  Flight  of  Shells  and 
Shot. 

9.  A Proposal  for  increasing  tbe  Slreoglh  of  the  British 
Navy.  Read  the  2d  of  April,  1747. 

16.  A Letter  to  Martin  Folkes,  esq.  Pn*iidcnt  of  the 
Royal  Society.  Head  the  7lh  of  January,  1748. 

11.  A Letter  to  lx»rd  Anson.  Read  the  26tb  of  Octo- 
ber, 1749. 

12.  On  Pointing,  or  Directing  of  Cannon  to  strike  dis- 
tant Objects. 

13.  Observations  on  the  Height  to  which  Rockets 
ascend.  Ki'ud  the  4th  of  May  174.9- 

14.  An  Accouiii  of  some  Experiments  on  Rockets,  by 
Mr.  Fllicott. 

16.  Of  the  Nature  and  Advantage  of  Rifled  Barrel 
Pieces,  by  Mr.  RobiDs.  Read  tbe  2d  of  July,  1747> 


In  volume  II  arc, 

16.  A Discourse  concerning  the  Nature  and  Cf  Riiiiiiv 
of  Sir  Isaac  Newton’s  Methods  uf  Fluxions,  a(;d  ol  Piiiiie 
and  L'liimale  Knlios. 

17.  Ah  Accotiiii  of  the  p;ocedin2  l>i><ccurte. 

IS.  A Review  of  Mime  ul  the  piincip:i|  Ubjeclir  n».  that 
have  been  ma>ie  to  tiu*  l)ociiim*ul  Hu.xions  and  Cltin  nte 
Proportions,  with  some  Rcinaiks  on  ihe  Jilivtoiii  Mvihods, 
th:ti  have  U'cn  tnken  to  ohviutc  (hem. 

19-  A l>i»v.TtHti(m,  slioaiiig  that  the  Arrount  of  ibe 
l)o(iiim-s  of  1 luxi'^iiN  and  of  i'riinc  and  UUiinale  Ratios, 
ih-livcml  in  Mr.  R ibins's  Discouisc,  is  ugrivalk*  tu  the 
rt*ai  .Mraning  of  ihcir  grral  Imenior. 

20.  A Ucmonstralloii  « f (he  I Irvmth  Proposilioa  of 
Sir  l-aaC  Newton’s  Treuiiv^  tit  <juu(lruturi>s. 

21.  nemarks  on  Ikrn.iuili’i  Discouisc  upon  tbe  Laws 
of  iliC  Conimimit'uliuii  of  Motion. 

22.  An  Kxaminahon  of  a Note  coi.ceming  the  Sun's 
PhiuiI.ix,' published  at  the  end  of  HaxttT's  Matho, 

23  Ul  marks  on  Euler’s  Tieuiise  of  Motion;  Dr.' 
Smith’s  .System  of  Optic- ; uud  Dr.  Jurin’s  Essay  on  Dis- 
tinct and  inoislihct  N'lsiuii. 

24.  ;\p|Kiidix  by  the  Publisher. 

li  i«  but  jiiaiicf  to  say,  bnt  Mr.  Robins  was  one  of  the 
most  accurate  and  eligHiit  inatheniulical  writers  that  our 
language  can  boast  ul ; and  (hut  he  made  more  real  im- 
pioveinents  in  Ar(dler),  (he  flight  and  the  rtsiMance  of 
projectiles,  than  uli  tbe  preceding  writers  on  that  subject. 
Hix  New  Principles  of  Gunnery  wea*  trurislaud  into  se- 
veral other  languages,  and  commented  on  by  several  emi- 
nent writers.  The  celebrated  Euler  (lunslatrd  (he  work 
into  the  German,  accompMiiied  with  u large  and  critical 
commentary ; and  this  work  of  Euler's  was  again  trans- 
lated into  English  in  1/74,  by  Mr.  Hugh  Brown,  with 
NoU'S,  in  one  volume  4to. 

ROBINS,  or  Robyns  (Jon  v),  an  English  mathema- 
tician, was  born  in  Slatfoidshirc  about  the  close  of  tho 
16th  century,  as  Iu3  was  entered  a student  at  O.xford  in 
1516,  where  he  was  educated  for  the  church.  Hut  tha 
bent  of  bis  genius  lay  to  the  sciences,  and  he  soon  made 
such  a progress,  says  Wood,  in  the  pleasant  studies  of 
roathematici  and  astrology,  that  he  became  the  ablest  per- 
son in  his  time  for  those  studies,  his  fiiend  Record  not 
excepu^d,  whose  learning  was  of  a nature  more  gtmeral. 
At  length,  taking  the  degree  of  bachelor  of  divinity  in 
1331,  be  was  the  year  following  made  by  King  Henry  the 
6(b  (tu  whom  be  was  chaplain),  one  of  the  canons  of  his 
college  in  Oxou,  and  in  December  1543  canon  of  Wind- 
sor^ and  flnally  chaplain  to  Queen  Mary,  who  hi-ld  him 
in  great  veneration  for  his  learning.  .Among  sevemJ  things 
that  he  wrote  relating  to  astrology  (or  astronomy)  1 find 
iht-sc  following : 

“ Do  Culmimitione  Fixarum  Stellarum,  Ac- 
De  Ortu  A Occosu  SieHarutn  Fixarum,  Ac. 
AiinotatioiK-v  Astrologies,  Ac.  lib.  3. 

. AnnutatiorK'S  Edwardu  VI. 

Traeiutus  do  Progno^ticatione  per  IWlipsin. 

**  All  which  books,  that  are  in  MS.  vvere  ^ume  time  in 
the  choice  library  of  Mr  'i  homas  Allen,  of  Glocestcr 
Hall.  After  his  death,  coming  into  the  hands  of  >Sr  Ke- 
nelm  Digby,  they  wore  by  Inm  given  to  the  Bodieian  li- 
brary, where  they  yet  remain,  it  is  also  siiid,  ihnt  lie,  the 
said  Robyns,  hath  written  a biM/k  iiiiitlcd,  l>c  Portt  ntosis 
Coinelis,  but  such  a thing  I have  not  yet  ^iin,  nor  do  1 
know  any  thing  else  of  the  author,  only  (hat,  paying  his 
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lust  debt  to  luitorf  ihc  25th  of  August  1558,  he  was 
buried  in  the  ebappci  of  St.  George  at  Windsor^.'* 
ROBISON  (Joiik),  tt.D.  an  eminent  philosopher, 
was  born  in  Scotland,  about  1733.  After  receiving  a 
libera]  education  in  his  native  Country,  be  went  to  Russia, 
on  the  appointment  of  director  of  the  marine  cadet  acade- 
my, at  Cronstadt,  a situation  which  he  held  for  several 
years.  On  his  return  to  .Scotland  he  was  appointed  pro- 
insor  of  chemistry  in  the  university  of  Glasgow;  and 
shortly  afterwards  he  was  invited  to  fill  the  chair  of  na- 
tural philosophy  professor  at  Edinburgh  ; nn  office  which 
he  held  with  much  honour  to  himself,  and  benefit  to  the 
students  of  that  university,  till  his  death,  which  happened 
early  in  the  year  1S05. 

Though  Dr.  Rnbtsun  laboured*  under  a most  painful 
and  distressing  coreplaiill  during  the  last  18  years  of  his 
life,  still  his  mind  was  always  active,  and  generally  di- 
rected to  the  roosf  useful  purposes.  He  was  well  known 
as  (he  author  of  most  of  the  mathematical  and  philoso- 
phical articles  in  the  third  edition  of  the  Encyclopedia 
Britannica,  and  the  Supplement  to  that  valuable  work. 
Those  articles  arc  of  established  character;  and,  though 
several  of  them  are  written  in  a very  desultory  manner, 
yet  they  rich  in  important  remarks  and  useful  informa- 
tion. TTiey  appear  to  have  been  the  substance  of  hU  lec- 
tures delivered  in  the  college;  and  some  of  them  were 
aRerwards  thrown  into  an  improved  form,  and  published 
under  the  title  of  Elements  of  Mechanical  Philosophy,  of 
which  it  seems  only  one  large  8vo  volume  has  been  pub- 
lished, In  175)7  l>r.  R.  astonished  the  world  by  a publi- 
cation which  he  called,  Proofs  of  a Conspiracy  against  all 
Religions  .'ind  Governments  of  Europe,  carri^  on  in  the 
Secret  Meetings  <rf  Free-Masons,  Illuminati,  and  Reading- 
Societies;  and  in  1803  he  published  a valuable  edition 
of  Dr.  Black's  Lectures  on  the  Klrmr-nls  of  Chenaiatry, 
accompanied  with  much  interesting  disquisition  and  his- 
lory,  by  the  editor. 

Altogether,  Dr.  R.  may  justly  be  considered  as  one  of 
the  most  emiiscnt  philosophers  ever  produced  in  Scot- 
land ; (hough  perhaps  inferior  to  Gregory  and  Maclau- 
rin.  He  certainly  possessed  a very  rxieitsivc  acquaint- 
ance with  cliemis^,  as  well  as  with  boih  pure  and  mixed 
mathematics;  and  he  doubtless  enjoyed  a moat  happy 
talent  at  converting  and  applying  the  knowledge  he  po»- 
m-smnI  to  important  practical  purposes. 

ROCKET, in  Pyrotcchny,  an  artificial  firework,  usually 
consisting  of  a cylindrical  case  of  papt*r  filled  with  a com- 
position of  certain  combustible  ingredients;  which  being 
tied  to  a rod,  mounts  into  the  air  to  a considerable  height, 
and  there  bursts.  These  arc  called  Sky  Rockets.  Be- 
sides which,  there  are  others  called  Water  Rockets,  from 
their  acting  in  water. 

The  composition  with  which  rockets  are  filled,  consists 
of  the  three  following  ingrrdienti,  vi*,  saltpetre,  charcoal, 
and  sulphur,  nil  well  ground  ; and  in  the  smaller  sizes, 
gunpowder  dust  is  also  added.  Bui  the  proportions  of  all 
ihe  Ingredients  vary  with  the  weight  pf  the  rocket,  as  in 
the  frdlowing  table. 

Compontion/or  Rodhtu  ^tuinota  Sizes.  ^ ^ 

The  general  enmpositiorr  for  rockets  is, 

Sutpeirc  4lb. 

Sulphvre  llb.  ' ^ 

Cbarcdal  ||b. 

But  for  large  rockets, 

Saltpetre  4lb.  * 


Sulphur  lib. 

Mealpowder  lib. 

For  rockets  of  a middle  size, 

Saltpetre  Sib. 

Sulphur  3lb. 

Mealpowder  lib. 

Charcoal  lib. 

When  rockets  are  intended  to  mount  upwards,  they 
have  a long  slender  rod  fixed  to  the  lower  end,  to  direct 
their  motion. 

Theory  ^ the  Flight  Roi'irftj.— Mariottc  takes  the 
rise  of  rockets  to  be  owing  to  the  impulse  or  resistance  of 
the  air  against  the  flame.  Desagulicn  accounts  for  it 
thus.  Conceive  the  rocket  to  have  no  vent  at  the  choke, 
and  to  be  sot  on  fire  in  the  conical  bore  ; the  conscqueixre 
would  be,  either  that  the  rocket  would  burst  in  the  weak- 
est place,  or  that,  if  all  parts  were  equally  strong,  and  able 
to  sustain  the  impulse  of  the  flame,  the  rocket  would  bum 
out  immoveable.  Now,  as  the  force  of  the  dame  is  equa* 
ble,  suppose  its  action  downwards,  or  that  upwards,  suf- 
ficient (o  lift  40  pounds  ; as  these  forces  arc  equal,  but 
tlieir  directions  contrary,  they  will  destroy  each  others 
action. 

Imagine  (hen  the  rocket  opened  at  (he  choke;  by  Uut 
means  the  action  of  the  flame  downwards  is  takeo  away, 
and  there  renmins  a force  equal  to  40  pounds  acting  up- 
wards, to  carry  up  the  rocker,  and  the  stick  or  rod  it  it 
tied  to.  Accordingly  we  find  that  if  the  composition  of 
the  rocket  be  very  weak,  so  as  nut  to  give  an  impulse 
greater  than  the  weight  of  the  rocket  and  atick,  it  does 
not  rise  at  all ; or  if  the  composition  be  slow,  so  that  a 
small  part  of  it  only  kindles  at  first,  (he  rocker  will  not 
rise. 

Tbe  slick  serves  to  keep  it  perpendicular ; for  if  the 
rocket  should  begin  to  tumble,  moving  round  a point  in 
the  choke,  as  being  the  common  centre  of  gravity  of  roc- 
ket and  slick,  there  would  be  so  much  friction  against  the 
air,  by  the  stick  between  the  centre  and  the  point,  and  the 
point  would  beat  against  the  air  with  so  much  velocity, 
that  the  reaction  of  tbe  meditim  would  restore  it  to  its  per- 
pendicularity. When  the  composition  is  burnt  out,  and 
the  impulse  upwards  has  ceased,  tbe  common  centre  of 
gravity  is  brought  lower  towards  (be  middle  of  the  stick  ; 
by  which  m<^as  the  velocity  of  the  point  of  th<^  stick  is 
decreased,  and  that  of  the  point  of  tbe  rocket  is  increased; 
so  that  the  whole  will-fall  down,  wttb  tbe  rocket  end  fore* 
most. 

DtSriog  the  time  the  rocket  burns,  the  common  centre 
of  gravity  is  shifting  and  getting  downwards,  and  still  the 
fasti-r  and  the  lower  as  the  stick  is  lighter ; so  that  it  some- 
times b<^ns  to  tumble  before  it  is  quite  burnt  out:  but 
when  the  stick  is  too  heavy,  the  common  centre  of  gra- 
vity will  not  get  so  low,  but  that  the  rocket  will  rise 
straight,  though  not  so  fast.  * 

From  the  experiments  of  Mr.  Robins,  and  other  gentle- 
men, it  appears  that  the  rockets  of  2, 3,  or  4 inches  diame- 
ter, rive  the  highest ; and  they  found  them  rise  to  all 
heights  inthc  air,  from  400  to  1254yards,  which  is  about 
ith  of  a mile.  See«Robins*K  Tracts,  vul.  2,  pa. 317,  and 
the  Philos.  Trans,  vol.46,  pa.  578. 

' Rod,  or  Pole,  is  a long  measure,  of  l6|'fe«t,  or  .5^ 
yards,  or  the  4lh  part  of  a Gunur‘s  chain,  for  land-mea- 
suring-. 

ROEMER  (Olaus),  a noted  Danish  astronomer  and- 
inaihcmaiician,  was  born  at  Arhusen  in  Jutland,  1644; 
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and  at  1 8 years  of  age  w;is  sent  to  the  univcniiy  of  Copen- 
hagen. lie  applied  assiduously  to  the  study  of  the  ma- 
thematics and  astronomy,  and  became  so  expert  in  those 
sciences,  that  when  Picard  was  sent  by  Lewis  the  Hth,  in 
1671,  to  make  observations  in  the  noith,  he  was  greatly 
surprised  amt  plratK-d  with  him.  He  engaged  him  to  re> 
turn  with  him  to  France,  and  had  him  presented  to  the 
king,  who  honoured  him  with  the  dauphin  as  a pupil  in 
mathematics,  and  settled  a pension  un  him.  He  was  joined 
with  Picard  and  Cassini,  in  making  astronomical  ot^'rv'a- 
tiuns;  and  in  l672  he  was  admitted  a member  of  the 
aiM<)cmy  of  sciences. 

During  the  ten  years  he  resided  at  Paris,  he  gained  great 
reputation  by  his  discoveries  ; yet  it  is  said  be  complained 
afterwards,  that  his  coadjutors  ran  nway  with  the  honour 
of  many  things  which  belonged  to  him.  Here  it  was  that 
Rocmer,  first  of  anyone,  found  out  the  velocity  with  which 
light  moves,  by  means  of  the  eclipses  of  Jupiter's  satellites. 
He  had  observed  for  many  years  that,  when  Jupiter  was  at 
his  greatt'sl  distance  from  the  earth,  the  emersions  of  .his 
first  satellite  ha|>|K'ned  constantly  15  or  16‘  minutes  later 
than  the  culculHiiun  gave  them.  Hence  he  concluded 
that  the  light  retheu-d  by  Jupiter  took  up  this  time  in 
running  over  the  excess  of  distance,  and  consequently  that 
it  took  pp  10  or  18  minutes  in  running  over  the  diameter 
of  the  earths  orbit,  and  S or  9 >n  coming  from  the  sun  to 
us,  provided  its  velocity  was  nearly  uniform.  This  disco- 
very had  at  first  many  opposers ; but  it  was  afterwards 
confirmed  by  Dr.  Bradit  y m ihc  most  ingenious  and  beau- 
tifu)  manner.  See  Aberratiox. 

In  U>81  Uoeincr  was  recalled  back  to  bis  own  country 
by  Christian  the  5th,  king  of  Denmark,  who  made  him 
professor  of  astronomy  at  Copcnh;igCn.  The  king  em- 
ployed him  also  in  reforming  the  coin  and  the  ardptec- 
ture,  m regulating  the  weights  and  mi^sures,  and  in  mea- 
suring aud  lading  out  the  high  roads  throughout  the  king- 
dom i officer  which  he  discharged  with  the  greatest  credit 
and  salt^faciioii.  In  consrtjuence  he  was  honoured  by  tbe 
king  with  the  appointment  of  chancellor  of  the  exchequer 
and  other  dignities.  Finally  he  became  counsellor  of  state 
and  burgomaster  of  Cupenhagen,  under  Frederic  the  4th, 
the  succcsior  of  Christian,  liocmt-r  was  pn’paring  to  pub- 
lish the  result  of  bis  observations,  when  he  died  the  19th 
of  Septcinbrr  17 10,  at  6(>  years  of  age  : but  this  loss  was 
supplied  by  Horrebow,  his  disciple,  then  professor  of  astro- 
nomy at  Cupenhagen,  who  published,  in  4|u,  1/35,  various 
observations  of  Iloemcr,  with  bis  method  of  observing, 
under  the  title  of  Basis  Aslronomia*.— He  had  also  printed 
various  astronomical  obs<Tva!ions  and  pieces,  in  several 
volumes  of  the  Memoirs  of  the  Uoyal  Academy  of  Sciences 
at  Paris,  of  the  institution  of  particularly  voh.  1 

and  10  of  that  collection.  . 

ROHAULT  (Jasi ea),  a French  philosopher,  was  the 
son  of  a rich  merchant  at  Amiens,  where  he  was  born  in 
1020.  He  cultivated  the  languages  and  bclles-lcttrc's  in 
his  own  country,  and  then  was  sent  to  Paris  to  study  phi- 
losophy. lie  read  the  ancient  and  modem  philosophers, 
but  Descartes  was  the  author  who  most  engaged  fats  no- 
tice. Accordingly  he  became  a zealous  follower  of  that 
gre.at  man,  and  drew  up  an  abridgmmt  and  explanatic-n 
of  bis  philosophy  with  great  clearness  and  niethc  d.  In  the 
preface  to  his  Physics,  for  so  his  work  is  cnlltMl,  be  makes 
no  scruple  to  say,  that  **  the  abilities  and  accomplish- 
ments of  this  philosopher  must  oblige  the  whole  world  to 
confeas,  that  France  is  at  least  as  capable  of  producing 


and  raising  men  vmed  in  all  arts  and  bnmchei  of  know- 
Ic'lge,  as  ancient  Circecc.’*  Clersclier,  well  known  for  hU 
translation  of  many  pieces  of  Descartes,  conceived  such  an 
afl'cetion  for  Rohault,  on  account  of  his  attachment  to  this 
philosopher,  that  be  gave  him  bis  daughter  in  marriage, 
against  all  the  remonstrances  of  his  family. 

RofaaulFs  Physics  were  written  in  French,  but  have 
been  translated  into  Latin  by  Dr.  Samuel  Ourke,  with 
notes,  in  which  the  Cartesian  errors  arc  corrected  on  the 
Newtonian  system.  The  4th  and  Ik's!  edition  of  Kohauli's 
Physica,  by  Clarke,  is  that  of  17ljS,  inSvo.  He  wrote  also, 
Elemens  de  Matbem^tiques, 

Traite  de  Mcchanique,  and 
Entretiens  surla  Philosuphie. 

But  these  dialogues  arc  founded  and  carried  on  upon 
the  principles  of  the  Cartesian  philosophy,  which  has  now 
little  other  merit,  than  that  of  having  corrected  ibe  errors 
of  the  ancients.  Rohault  died  in  l675,  and  loft  behind 
him  the  character  of  an  amiable,  as  well  as  a learned  and 
philosophic  man. 

His  posthumous  works  were  collected  and  prinU>d  in 
two  ncut  little  volumes,  first  at  Paris,  and  then  at  the 
Hague  in  IO90.  The  contents  of  which  arc,  1.  Ilic  first 
6 books  of  Ivuclid.  2.  Trigonometry.  3.  Practical  Ueo. 
mclry,  4.  Forlification.  5.  Mechanics.  6'.  Perspec- 
tive. 7.  Spherical  Trigonometry.  8.  Aritbrootic. 

IIOLLE(Micuel),  a French  maihematlcian,wa8  born 
at  Ambcrt,  a small  town  in  Auvergne,  tbe  2lst  of  April 
1652.  His  first  studies  and  employments  were  under  no- 
taries and  attorneys;  occupation^  but  little  suited  to  his 
genius.  He  went  to  Paris  in  l675,  with  the  only  resource 
of  hnc  p<*nroanship,  and  subsisted  by  giving  lessons  in 
writing.  But  os  bis  inclination  for  the  muthematics  had 
drawn  him  to  that  city,  he  attended  the.  masters  in  (his 
science,  and  soon  became  one  himself.  Oxanam  prupost'd 
a question  in  arithmetic  to  him,  to  which  Rolle  gave  so 
clear  and  good  a solution,  that  the  minislur  Colbert  made 
him  a handsome  gratuity,  which  at  last  grew  into  a fixed 
pension.  He  then  abandoned  peiimam^iip,  and  ga>c  liim- 
self  up  entirely  to  algebra  and  other  branches  of  the  nm- 
theinaticv.  His  conduct  in  life  gained  him  many  friends; 
in  which  his  scientific  merit,  his  |M‘i)Ci'Hb1c  and  tegular  be- 
haviour, With  un  exact  and  scrupulous  probity  of  man- 
lUTS,  were  his  only  solicitors. 

llollcwes  chosen  a member  of  the  ancient  academy  of 
Sciences  in  1(J85,  and  named  second  geometrical-pen- 
sionary on  its  renewal  in  16‘99  i honour  which  he  en- 
joyed till  his  death,  which  happened  the  5th  of  July  )7I9» 
at  6'7  years  of  age. 

Thc-works  published  by  RoUe,  were, 

I.  A Treatise  of  Algebra;  in  +to,  l6y0. 

II.  A .Method  of  resolving  Indeterminate  Questions  in 
Algebra  ; in  lf>99*  Besides  a great  many  curious  pieces 
inserted  in  the  Memoirs  of  the  Academy  of  Sciences,  as 
follow  : 

1 . A Rule  for  the  Approximation  of  Irrational  Cubes  : 
an.  16(>6,  vol.  10.— 2.  A Method  of  resolving  Equations 
of  all  Degrees  whiclr  arc  expressed  in  GeneralTerms : an. 
1666,  vol.  10.— 3.  Remarks  on  Gerjmetric  Lines:  1/02 
and  17OJ.— 4.  On  the  New  System  of  Infinity  : 170.3. — 
5.  Oi)  the  Inverse  Method  of  Tangents : 1/05,  pa.  25, 
171,  222.— (i.  Vethod  of  finding  the  Foci  of  G<f»rortric 
Lines  of  all  kinds:  I/06,  pa.  284.— 7*  On  Curves,  both 
Geometrical  and  Mechanical,  with  their  Radii  of  Curva- 
ture ; 1/07,  pa-370.— 8.  On  the  Construction  of  Equa- 
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tiom;  170S,aM  the  Extermination  ofnhe 

Unknown  Quantiticn  in  the  Geometrical  Analysis  : 1709, 
pa.4l9**~10.  Rules  and  Remarks  Tor  the  Construction  of 
Equations;  i7ll>  pa*  85.~11.  On  the  Application  of 
Diophantine  Rules  to  Geometry  : 1712.— 12.  On  a Para* 
dox  in  Geometric  Effectiuns ; 1713,  ,pa.  243.— 13.  On 
Geometric  Constructions:  I713>  pa.  2G1,  and  1714, 
pa.  5. 

ROLLING,  or  Rotation,  in  Mechanics,  a kind  of  cir- 
cular motion,  by  which  the  moveable  body  turns  round 
its  own  axis,  or  centre,  and  continually  applies  new  parttf 
of  its  surface  to  the  body  it  moves  upon.  Such  is  that  of 
a wheel,  a sphere,  a garden  roller,  or  the  like. 

The  motion  of  rolling  is  opposed  to  that  of  sliding;  in 
which  latter  inulion  the  same  surface  is  continually  ap- 
plied to  the  plane  it  moves  along. 

In  a whc'cl,  it  is  only  the  circumference  that  properly 
and  simply  rolls;  the  rest  of  the  wheel  proceeds  in  a com- 
pound angular  kind  of  motion,  and  partly  rolls,  partly 
slides.  The  want  of  distinguitlxing  between  which  two 
motions,  occasioned  the  difficulty  of  that  celebrated  pro- 
blem of  Aristotle^s  Wheel.  See  Rota  ArufoteUca. 

Tlic  friction  of  a body  in  rolling,  is  much  less  than 
the  friction  in  sliding.  And  hence  arises  the  gn  at  use  of 
wheels,  rolls.  See,  in  macliinis ; as  much  of  the  action 
as  po-sible  biing  laid  upon  it,  to  make  the  resistance  the 
less.  See  Rotation. 

ROMAN  Order,  in  Architecture,  is  the  same  as  the 
Composite.  It  was  invented  by  the  Romans,  in  the  time 
of  Augustus : it  is  composed  of  the  Ionic  and  Corinthian 
orders,  lH‘ing  more  ornamental  than  cither. 

RONDEL,  in  Fortiheatioo,  a round  tower,  sometimes 
cri*ctcd  at  the  foot  of  a bastion. 

ROOD,  a square  measure,  being  a quantity  of  laud 
equal  to  the  4th  part  of  an  acre,  or  equal  to  40  porches 
or  square  poles* 

ROOF,  in  *Arcbi(ecture,  the  uppermost  part  of  a 
building;  being  that  which  forms  the  covering  of  the 
whole.  In  this  sense,  the  roof  comprises  the  timber  work, 
together  with  its  furniture,  of  slate,  or  tile,  or  lead,  or 
whatever  else  serves  for  a covering  : though  the  carpen- 
ters usually  restrain  roof  to  the  limber-^vork  only. 

The  form  of  a roof  is  various:  viz,  1.  Pointed,  when 
the  ridge,  or  angle  formed  by  the  two  stdi-s,  is  an  acute 
angle.— 2.  Square,  when  the  pitch  or  angle  of  the  ridge  is 
a right  angle,  called  the  true  pilch.— 3*  Flat  or  pediment 
roof,  being  only  pediment  pitch,  or ,thc  angle  very  obtuse. 
There  arc  also  various  other  forms,  as  hip  roofs,  valley 
roofs,  hopper  roofs,  double  ridges,  platforms,  round, 
tVc.— In  the  true  pitch,  when  the  sides  form  a square  or 
right  angle,  the  girt  over  boUt  «des  of  the  roof,  it  ac- 
counted equal  to  the  breadth  of  the  building  and  the  liulf 
of  the  same. 

HOOKE  (La whence),  an  English  astronomer  and 
geometrician,  was  born  at  Deptford  in  Kent,  1623,  and 
vduraied  at  Eton  school.  Hence  he  removed  to  King’s 
College,  Cambridge,  in  1639;  and  after  taking  the  de- 
gree of  muster  of  arts  in  l6t7,  he  retired  into  the  country. 
But  in  the  year  K»50  he  went  to'  Oxford,  and  setllwl  m 
Wadhiim  Coihge,  that  be  might  have  the  company  of, 
and  receive  improvement  from  Dr.  Wilkins,  and  Mr.  Seth 
Ward  the  Astronomy  Professor;  and  that  he  might  alleiid 
•Mr.  Boyle  in  his  chemical  operations. 

After  the  death  ol  Mr.  Foster,  lie  whs  chosen  Astronomy 
Professor  in  Grtsham  College,  London,  in  the  year  l65S. 


He  made  some  ubservattons  on  the  comet  at  Oxford, 
which  a^pean^  in  the  month  of  December  that  year; 
which  were  printed  by  Dr.  Seth  Ward  the  year  following. 
And,  in  lo53.  Dr.  Wallis  publishing  his  treatise  on 
Conic  Sections,  be  dedicated  that  work  to  those  two  gen- 
tlemen. 

In  l637,  Mr.  Rooke  was  permitted  to  e.xchangr  the 
astronomy  professorship  for  (hut  of  geometry.  'I'his  step 
might  seem  strange,  as  astronomy  still  continued  to  be 
his  favourite  study  ; but  it  was  thought  to  have  been  from 
the  convenience  of  the  lodgings,  which  opened  behind  the 
reading  hall,  and  therefore  were  proper  for  the  reception 
of  those  gentlemen  after  the  lectures,  who  in  the  year  I66O 
formed  the  Royal  Society  there. 

Mr.  Rooke  having  thus  successively  enjoyed  those  two 
places  some  years  before  the  restoration  in  1058,  most  of 
those  gentlemen  wlmhud  been  accustomed  loasscinble  with 
hint  at  Oxford,  coming  to  London,  joined  with  other 
philosophical  men,  and  usually  met  at  Gresham  College 
to  hear  Mr.  Hooke's  lectures,  and  afterwards  w’ithdrew 
into  his  apartment;  till  (heir  meetings  were  interrupted 
by  the  quartering  of  soldiers  in  the  college  (liut  year. 
And  after  the  Royal  Society  was  formed  and  settled  into 
a regular  body,  Mr.  Rooke  was  very  zealous  and  service- 
able in  promoting  that  greatand  useful  institution ; though 
he  did  not  live  till  it  received  its  establishment  by  tbe 
Royal  charter. 

Tbe  Marquis  of  Dorchester,  who  was  not  only  a pa- 
tron of  loarniiig,  but  learned  himself,  used  to  entertain 
Mr.  Rooke  at  his  seat  at  Highgatc  after  the  restoration, 
and  bring  him  every  Wednesday  in  his  coach  to  the  Royal 
.Society,  which  then  met  on  that  day  of  the  week  at 
(vresham  College.  But  tbe  last  6me  Mr.  Rodke  was  at 
Highgale,  he  walked  from  thence;  and  it  being  in  the 
summer,  be  overheated  himself,  and  taking  cold  after  it, 
was  thrown  into  a fever,  which  cost  him  his  life.  He  died 
at  his  apartments  at  Gresham  College  the  27th  of  June 
J(^2,  in  tiie  40th  year  of  bis  age. 

.Another  vdry  unfortunate  circumstance  attended  hli 
death,  which  was,  that  it  happcnwl  the  very  night  that 
he  had  for  some  years  expccicd  to  finish  his  accurate  ob- 
servations on  the  satellites  of  Jupiter.  When  he  tound 
his  illness  prevented  him  from  making  that  observation. 
Dr.  Pope  says,  he  sent  to  the  Society  bis  request, 
some  other  person,  properly  qualified,  might  be  appoinled 
for  that  purpose;  so  intent  was  he  to  the  last  on  making 
those  curious  and  useful  discoveries,  in  which  he  had 
bocn  so  long  engaged. 

Mr.  Rooke  made  a nuncupatory  will,  leaving  what  he  * 
had  to  Dr.  Ward,  then  lately  made  bisiiop  of  Exeter : 
tvhora  he  permtUed  to  receive  what  was  due  upon  bf>od, 
if  the  debtors  offered  payment  willingly,  olberwjH*  he 
would  not  have  the  bonds  put  in  suit:  for,"  said  he, 

“ as  I never  was  in  law,  nor  had  any  contention  with  any 
man,  in  my  life-time;  neither  would  1 be  so  after  my 
death." 

Few  persons  have  left  behind  them  a more  agreeable 
character  than  Mr.  Rooke,  from  every  person  that  was 
acquainted^wiih  him,  or  with  his  qualifications;  and  in 
n<ithing  more  than  for  hi*  veracity  : for  what  he  a&sertcd 
positively,  might  be  fully  n*l»ed  on:  but  if  his  opinion  , 
was  asked  concerning  any  thing  that  wa*  dubious,  hi* 
usual  answer  was,  **  I have  no  npiiuon.”  Mr.  Ho^e  has 
givdn  this  copious,  though  concise  character  of  him  ; **  I 
never  was  acquainted  with  any  person  who  knew  mure, 
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aiiilipokc  Inn,  being  indeed  eaineni  for  the  knowledge  Lagpey,  Halley,  8tc.  Six- the  articles  AppitoxiHanoy 
Utd  Unproveinent  of  a,ti«6«y."  Dr.  Wren  and  Seth  and  ExTaacTios  See  alw  Ndsvtoi.  a Lmvetsal  Amh. 
Ward  ^jcnbc  him,  as  a niaa  cf  profound  judgment,  a the  Appendix  (Phdos.  Irans.  numb.  210;  hlaclautms 


mt  comprehension,  prodigkMH  memory,  and  solid  expe- 
rience. Hi*  skill  in  ihc  raatiainmlicB  wa*  reverenced  by 
all  the  lovers  of  those  studies,  m(1  his  perfection  in  many 
other  kinds  of  learning  deserves  no  less  admiration;  but 
above  %\U  as  another  writer  characterises  him,  bis  exlcn- 


Alg.  pa.  ?42;  Simpson's  Alg.  pa.  155  ; or  his  Essays,  jta. 
82,  or  bis  Dissertations,  pa.  102,  or  his  Select  ^serc.  pa. 
215:  where  various  general  theorems  for  approximating 
to  the  roots  of  pure  powers  arc  given.  Sec  also  Equa* 
TiON  and  Keductiok  of  K<tuaiions,  Approximatioi;. 


sivc  knowledge  had  a right  influence  on  the  temper  of  his  and  Cox  veroiko.  i i r 

mind,  svhicli  had  all  the  humilitv,  goodness,  calmness.  But  the  rawt  commodious  and  general  rwe 
strength,  and  sincerity,  of  a sound  and  unaflSected  pliilo-  such  approximations,  1 believe,  is  that  which  has  Iwn 
sopber.  These  accounts  give  us  his  picture  only  in  mi-  invented  by^myself,  and  explained  in  my  Iracls,  vol.  I, 
niatOR  \ but  his  successor.  Dr.  haac  Barrow,  has  drawn  ^ ♦ 


,.  210  : which  theorem  is  this ; 


niasiuv  & i»ui  ms  t j — - 

it  in  fun  proportion,  in  hit  oration  at  Gresham  College;  « + t.w  -f  w—i  a*  ^ That  is,  having  to  extract  tlu- 

which  is  Ibo  foog  to  be  inserted  in  this  place.  n— 1.» -e  » .i.  . i 

woivQ  »«UR  I Btb  root  of  the  given  numbers;  take  tt“  the  nearest  rational 

f ‘’ob«r,’u!ion,  on  Ihc  Cumei  of  Dec.  1652.  Thi.  was  ><>  '''•'  given  quamiiy  N,  whelhcr  grcaicr  or  1«,. 

printed  by  Dr.  Seth  Ward,  in  his  Ucturcs  on  Comets,  '1*  voot  of  the  same  kind  b.  ing  o;  then  the  re<|uired  root, 

pnuieu  uy  A ».  ovi  or  C/X.  will  be  as  is  expressed  in  this  formula  above;  01 

4t0.  load.  . * i...  .1..—  . 


At  l/is*!  or^x,  WIU  W AS  HI  iviaaiuia  aai,n/iv,  vi 

i Directions  for  Seamen  going  to  the  East  and  West  the  same  expressed  in  a ^portion  will  be  thus: 

Indies.  Published  in  the  Philosophical  Transactions  for  1). x -*-(«*♦•  l).o  - y?' 


Jan.  i565. 

3.  A .Method  of  Observing  the  Eclipses  of  the  Moon 
5tc.  In  the  Philos.  Trans,  for  Feb.  lW)ti. 

4.  A Discourse  concerning  the  Observations  of  the 


the  root  sought  very  nearly. 

This  rule  includes  all  the  particular  rntional  formulas 
of  De  Lagncy,  and  Halley,  which  were  separately  inves- 
tigated by  them  ; and  yet  this  general  formula  is  perfectly 


"r  hr^u  Li  orj^  of  .;^p1c  .nd  cnxy  ,o  apply,  and  too.  easily  k.  pt  in  mind 

.hcLyal  Soc.cty  pu..S3.  ’’  ' ^ ^ ''‘r 

5.  An  Account  of  an  Expenmenl  made  with  Oil  m a ouppi«c  « 

long  Tube.  Read  to  the  Uoyal  Soc.  April  23.  l662.-  *^**™‘^' ***« 

Bv  this  experiraeut  it  was  found,  that  the  oH  sunk  when  Here  n — 2,  m — 3,  *l,  r i i * 

j>y  inis  cxpwiuiciii  « I j . .1,.  = I ; hence,  for  the  cube  root  the  formula  U-comcj. 

the  sun  shone  out,  and  rose  when  he  was  clouded  ; the 

proportions  of  which  arc  vet  dow  n in  the  account.  --  o or^  — ^ a = y x. 

ROOT,  in  Arilhmelic  and  AlRcbra,  dcunlc.  a quan-  ^ ^ 2n  + «'  = 3;  ihcroforc  a» 

tity  which  b.-ii.g  muUiphed  by  Itself  pnMlufci  some  higher  ^ . , , . , . , _ j.,,  _ (h.  „t„rly  by  a first  »|k 
power;  ora  quantity  considered  as  the  basis  or  founda-  proxiraation  * 

tion  of  a higher  p<mer,  out  of  which  this  arises  and  grows,  P ^ ^ approximation,  takg  a = i,  ami 

like  as  a plant  from  U5  root.  ® ' iss 

In  the  involution  of  powers,  from  a given  root,  the  root  consequently  o’  = — ; 
il  also  calle<l  the  first  power;  when  this  U once  multi-  ^ uj 

plied  by  itself,  it  producis  the  square  or  second  power;  hence  2x-»-a=4  + ~ — 
this  multiplied  by  the  root  Hgain,  make*  the  cube  or  3d  3„o  a>o  _ 

power ; and  so  on.  And  hence  the  denuminaiion*  square-  n-i-2/i  — — 

root,  cube-root,  5cc.or  2d  root,  or  3d  root,*tc,  according  ^ n7R  • ofasl26*-l27--i*ii!i-. 

as  the  given  power  or  quantity  i*  considered  ns  the  square,  * ’ ' ’ 4 ’ io4 

or  Ribi',  or  2d  power,  or  3d  power,  Ac.  Thus,  2 is  the  1*259921  Ac,  for  the  required  cube  root  of  2,  which  i» 
aquarertkot  or  2d  root  of  4,  and  the  cube-root  or  3d  root  true  even  In  the  last  place  of  decimals. 


second  approximation,  tak(  <2  = ami 
iss 


-«’  = ^ + Tr  = TT* 


^ 1 rt 

N-»-2/i’  = 2-r--~  = 77» 


of  8,  and  the  4lh  root  of  16,  Ac* 

Hence,  the  square-root  is  the  mean  proportional  be- 
, tween  1 and  the  square  or  given  power ; and  the  cubt*- 


HooTofon  Egvatiorit  denotes  the  value  of  the  unknown 
quantity  in  ane<|ualibn;  which  is  such  a quantity,  as 
lieing  substituted  instead  of  that  unknown  letter,  into  the 


root  is  the  first  of  two  mean  proportionals  between  1 and  equation,  shall  make  all  llic  terms  to  vanish,  or  both  sides 
the  given  cube ; and  so  on.  equal  to  each  other.  T bus,  of  the  equation  S^r ->-5  = 14, 

Root  is  aKo  applied  sometimes  in  a different  sense;  the  root  or  value  of  x is  3,  because  substituting  3 for  x, 
thus  wc  say  the  root  or  radix  of  any  .system  of  nutation,  makes  it  become  9-*-5  = 14.  And  the  rout  ol  the  equa- 
or  the  radix  of  a system  of  logarithms.  'Ffae  radix  of  our  tion  2x’  = 32  is  4,  because  2*4’  = 32.  Also  the  root  of 
present  scale  of  notation  is  10,  and  this  is  also  the  radix  the  equation  x’  = a*^c’  is  x = 

of  the  modern  or  Brigges's  logarithms.  The  adv*antages  of  For  the  nature  of  rootii,  and  for  extracting  the  several 
which  consist  in  this  equality  between  the  roots  of  the  roots  of  equations,  see  Eqoatiox. 

system  of  notation  and  logarithms,  by  which  means  the  Every  equation  has  as  many  roots.  Or  values  of  the 
tables  of  the  latter  arc  much  contracted,  and  arc  also  unknown  quanlity,  as  are  unit*  in  the  dimensions  or 
much  readier  in  their  application.  • . highest  power  in  it.  So  a simple  equation  has  one  root, 

For  the  method  of  extracting  the  roots  of  numbers,  a quadratic  two,  a cubic  three,  and  so  on. 
ami  algebraic  quantities,  sec  the  articles  Extraction,  Roots  arc  positive  or  negative,  real  or  imaginary,  ra- 
and  Binomial  Tfteorejw.  tional  oy  radical,  Ac.  See  Equ  atio.v. 

Finte  approximating  rules  for  the  extraction  of  roots  C«AV  Root.  This  is  three  fold,  even  for  a simple  cubic, 
have  been  given  by  Kveral  authors,  as  Rapbson,  Dc  So  the  cube  root  of  fl*,  is  either  • 


Dic::L.":  - CoogU 
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ROT 


Anti  even  the  cube  Root  of  1 iudfie  eitlicr 
^ t 3 4 •“v'—  3 

*»  ^ ^ • 

Rial  und  Ima:*inary  Hoots.  Tbc  odd  roots,  ns  the 
3d,  5lh,  7ch.  w\c  roots,  of  nil  real  quantilk'S,  isbciher  p^>- 


whcel  ilcscnbiS  a right  line  an  the  ground  iquat  to  its  tir- 
cumference. 

As  for  the  nave  of  the  wheel,  the  case  is  otherwise.  It 
is  drawn  in  a right  tine  by  the  same  lorce  as  the  wbicl ; 
but  it  uiiiy  turns  round  because  tbc  wheel  does  so,  and  can 
only  turn  ill  tbc  same  time  with  it.  Hence  it  lollows, 
that  its  circular  velocity  is  less  than  that  of  the  wheel,  in 


sitivc  or  negative,  are  real,  and  arc  respectively  positive  the  ratio  of  the  two  circumferences;  and  therefore  iu  cir> 


or  n^utive.  So  the  cube  root  of  is  a,  and  of  — «’ 
is  — a. 

Hut  the  even  roots,  as  the  2d,  4th,  O'th,  arc  only 
real  when  the  quantity  is  positive;  being  imagmury  or  im- 
possible when  the  quantity  is  negative.  So  tlfe  square 
root  of  a’  is  a,  which  is  real ; but  the  square  root  of 
— 0*,  that  is,  a*f  is  imaginary  or  impossible;  be- 
cause there  is  no  quantity,  neither  -4-  <i  nor  — a,  which 
by  squaring  will  make  the  given  negative  square  — a*. 

The  large  Tabic  of  Roots,  Squares,  and  Cubes,  at  the 


cular  motion  is  less  thun  the  rectilinear  one.  Since  then 
ii  necessarily  describes  a right  line  equal  to  that  of  (he 
wheel,  it  can  only  do  it  partly  by  slitling,  und  partly  by 
revolviug,  the  sliding  part  being  mure  or  less  as  the  iiu>c 
itself  is  smaller  or  larger.  Sec  Cycloid. 

ROTATION,  or  Uotart  Jfoiion,  in  Mechanics,  is 
the  motion  of  a body,  or  system  of  bodies,  about  a fixed 
axis;  being  thus  distinguished  from  rectilinear  motion, in 
w hicli  bodies  are  supi>oscd  to  describe  spaces  in  tbc  direc- 
tion of  the  impelling  force,  which  is  always  considered  as 


The  large  table  of  Roots,  bquares,  and  Cubes,  at  the  tion  ot  the  impelling  lorce,  which  is  always  considered  as 
end  of  vol.  1 of  my  Tracts,  is  very  useful  in  many  calcu-  acting  in  a right  line  passing  through  tbc  centre  of  gravity 
latioiis,  and  will  serve  to  find  square  roots  and  cube  of  the  body  moved  ; and  therefore,  that  every  particle  of 


roots,  as  well  as  square  and  cubic  powera,  &c. 

ROTA,  in  Mechanics.  See  Wiieei.. 

Kota  jlrisiottlica^  or  /insiotli*s  Wheel,  denotes  a cele- 
brated problem  in  mcchauios,  concerning  the  motion  or 
rotation  of  a wheel  about  its  axis  ; so  calleil  becau'^e  first 
noticed  by  Aristotle.  The  difficulty  is  this.  While  a 
circle  makes  a revolution  on  its  centre,  advancing  at  the 
same  time  in  a right  line  along  a plane,  it  dcscrilx'S,  on 
that  plane,  a right  line  which  is  equal  to  its  circumference. 
Now  if  this  circle,  which  may  be  called  the  deferent,  carry 
with  it  another  smaller  circle,  concentric  with  it,  like  the 
nave  of  a coach  wheel;  then  this  little  circle,  or  nave,  will 
describe  a litve  in  on>-  revolution,  which  is  equal  to  that 
of  the  Inrge  svheel  or  circumference  itself;  because  its 
centre  advances  in  a right  line  as  fast  as  that  of  the  wheel, 
being  in  reality  the  same  with  it.— The  solution  given 


such  body  must  partake  of  the  same  degree  of  velocity  al 
that  with  which  the  centre  of  gravity  mov<^.  Hut  in  nu- 
merous instances  which  occur  in  practice,  a body,  or 
system  of  bodies,  is  so  »ituated,  that  when  any  force 'or 
number  of  forces  arc  impressed  upon  it.  it  cannot  take  any 
other  motion  than  oneot  rolationabout  a fixed  axis,  which 
may  either  pass  through  the  body  or  system,  or  be  at  an 
extremity  of  it:  so  that  the  velocity  of  the  constituent 
rooleculie  of  the  system  shall  Ik*  greater  or  less  according 
to  the  greater  or  less  distance  of  any  individual  particle 
from  the  axis  about  which  the  motion  is  performed.  And 
ill  such  cases,  it  is  necessary  to  call  to  our  aid  other  con- 
siderations than  what  arc  required  in  discussing  the  pro- 
perties of  acceleration  and  retardation. 

In  these  considerations,  two  things  arc  principally  to 
b(‘ attended  to,  i.e.  the  moving  force  by  which  the  ri*- 


by  Aristotle,  is  no  more  than  a good  explication  of  the  volving  motion,  is  gt  nerated,  and  the  iiieitia  of  the  parl^ 


difficulty. 

Galileo,  who  next  attempted  it,  had  recourse  to  an  in- 


chat  compose  the  system  : the  moving  force  exerted  <m 
any  given  particle  in  the  system,  as  well  as  its  ineruu. 


finite  number  ofinlinitely  little  vacuities  in  the  right  line  depends  on  its  distance  from  the  a.sis  of  luolioo, 


described  by  the  two  circles  : and  imagines  that  the  little 
circle  never  applies  its  circumterenee  to  those  vacuities; 


thing  else  being  the  same,  and  if  both  these  \x'  ascertairnd, 
the  absolute  acceleration  will  be  determined,  *4iid  coiisc- 


but  in  reality  only  applies  it  to  n line  equal  to  its  own  cir-.  qucQtly 'the  absolute  velocity  generated  in  it  in  a given 
cumfi-rence ; though  it  appi-ars  to  h;ive  applied  it  to  a lime.  Thus, 


much  larger.  But  all  thu  u nothingtn  ih.-  purpoac.  L,,  *,ott  reprewiit  the  circuni- 

Tacquel  wy>,  that  the  little  circle,  making  its  rutalkm  fcrence  of  a wheel,  which  turns  in 
more  slowly  than  the  great  one,  docs  on  that  account  de-  ju  own  plane  round  au  horizontal 
scribe  a line  longer  than  its  own  circuuifctence;  yet  with-  passing  through  » its  centre, 

oot  applying  any  point  of  its  circumference  to  more  than  a,,,!  |,[  , wemht  e,  liaed  ut  ihcca- 
one  point  ol  its  base.  But  this  is  no  more  satisfactory  tnuriily  of  a hue  ae,  communicate 
than  the  lormer.  motion  to  the  wheel.  Also,  let  the 

After  the  fruitless  attempts  of  so  many  great  men,  M.  „ho|c  weight  of  the  wheel  he  g,  and 
Dortous  dc  Meyran,  a French  gentleman,  had  the  good  suppose  this  weiahl  to  he  collected 
fortune  to  hit  upon  a solution,  which  he  sent  to  the  uniformly  into  the  circumference 
Acadjmiy  of  Sciences ; where  being  examined  by  Mess,  de  *,011  j then  during  ihe  descent  of 
Louvilic  and  Soulmoii,  ippointed  for  that  purpose,  they  the  weight  T,  each  point  of  the  cir- 


morion  to  the  wheel.  AUo,  ktthe 
whole  weight  of  the  wheel  be  q,  and 
fiuppove  this  weight  to  be  collected 
uniformly  into  the  circumference 


Academy  ot  Sciences ; where  being  examined  by  Mc».  de  afch  ; then  during  the  drtcent  of  i 

Louvdlc  and  Soulraoii,  ippointed  for  that  purpose,  they  ihe  weight  P,  each  point  of  the  cir-  *** 

made  their  report  that  it  wax  satisfactory,  *1  he  solution  cumfercncc  must  move  with  a velocity  equal  to  that  with 
is  to  this  elfeci : which  p drsccmls  ; and  consequently,  since  the  moving 

The  wheel  of  a coach  is  only  acted  on.  or  draw  n rn  a force  is  the  weight  p,  and  the  mass  moved  p -s-  q,  the 

light  line;  its  rotation  or  circular  motion  Hfises  puifly  force  which  accelerates  p in  its  descent,  will  be  that  part 


from  tho  resistance  of  the  ground  upon  which  it  is  applied. 
Now  this  resistance  U equal  to  the  force  which  draws  the 
wheel  in  the  right  line,  inasmuch  as  it  defeats  that  direc- 
tion ; consequently  the  causes  of  the  two  motions,  the  one 


of  the  accelerating  force  of  gravity  which  it  expressed  by 
the  fraction  ^ (see  Acceleration).  The  velocity 
therefore  which  is  geocratr<l  in  p,  in  any  given  time,  is 


right  and  the  other  circular,  arc  equal.  And  hence  the  found  by  proportion,  namely,  u will  bv  to  the  velocity 


“d  by  Ct  'OgU 


n o T 
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gcm'imtcd  by  gravity  in  a faUing  ix>dy  in  the  an 

»his  fraction  lo  unity;  so,  if  q = i»,  then  its  vcltKity  to 
that  of  gravity*  is  as  1 to  Q.  And  this  is  univnrsaiiy  trui* 
while  the  axis  of  the  bcnly,  or  system  of  bodies,  passes 
through  their  centre  of  gravity.  But  if,  instead  of  this, 
we  supfvose  ail  the  matter  of  the  wheel  to  be  coUccUhI  into 
rmc  point  ns  at  q ; then  it  is  manifest,  th.il  if  the  mass  Q 


Put  nc  =;  AC  = a,  then  from  what  has  been  before 
olnerved,  the  moving  force  will  be  as  and  the  retard- 
ing force  as  aw,  and  therefore  the  motive  force  will  be  ex> 
prosed  by  6p  — aw ; also  the  inertia  of  liic  bodies  will 
be  os  b‘y  a'Wf  and  hence  the  acceleraiiiig  force  of  the 

hr  — avr 


lever  will  \h'  as  - 


also,  the  acceleration  of  any 


^ + o'w  * 

be  acted  on  by  gravity,  the  force  which  communicates  potntof  the  Icverbeingasitsdistanccfrom  iheaxis,  wehavc 


motion  lo  the  system  round  a,  will  be  variable,  it  being 
the  greatest  when  sq  is  honxonlal,  and  gradually  dimi- 
nishing till  Q has  descended  to  its  lowest  point.  Bui  if, 
instead  of  supposing  q to  be  acted  on  by  gravity,  we  con- 
sider it  as  d(*slitutc  of  weight,  and  to  po6Se^s  inertia  only, 
then  the  moving  force  will  bo  constirm,  l>eihg  equal  to  r, 
and  the  bodies  movi^d  will  bo  p q,  and  therefore  the 
accelerating  force  of  the  weight  r will  be  repn«entrd  by 

, the  same  as  before;  which  ought  to  be  (he  result, 

because  in  the  former  case  the  parts  of  the  weight  q bcir.g 
unifunnly  disposed  over  the  circumfcrencv,  balance  each 
'Other  round  the  common  centre  of  gravity  a,  and  their 
weight  therefore  has  no  effect  in  accelerating  or  retarding 
the  descent  of  the  weight  v. 

Ill  genera),  the  accelerating  force  of  the  body  P will  be 
represented  by  the  motive  force  divided  by  the  inertia  of 
the  bodies  moved;  and  therefore,  if  the  body  p be  destitute 
of  inertia,  the  accelerating  force  will  bo  expressed  simply 

by  the  fraction  ^ * 


for  the  accelerative  force  of  P, 


bs 


l*r  — aim 


a*w  ^ 4-  ff'w  * 

ami  if  p be  a power  of  that  kind  which  ip  not  possessed  of 

inertia,  jhc  expression  becomes  simply  — — . See 

AiwoihI  on  the  Rectilinear  Motion  and  Rotation  of 
iVidii's,  pa.  183,  and  Gregory's  Mechanics,  vcl. },  pa.  357 ; 
sec  also  the  ai tides  Gyration,  Oscillation,  Csmtrk 
of  Sftontuneous  Rotation,  &c,  in  ibis  Dictionary. 

Rotation,  in  Geometry,  the  circumvolution  of  a sur- 
face round  an  immoveable  line,  called  the  Axis  of  Rota- 
tion. By  such  rotation  of  planes,  the  ligures  of  certain  re- 
gular solids  are  formed  or  gcneratetl.  Such  o»,  a cylin- 
der by  the  rotation  of  A rectangle,  a cone  by  the  rotation 
of  a triangle,  a sphere  or  globe  by  the  rotation  of  a semi- 
circle, Ac. 

The  method  of  cubing  solids  (hat  are  generated  by  suc!| 
rotation,  is  laid  down  by  Demoivre,  in  hU  sprcirocii  of 
the  use  of  llie  doctrine  of  fluxions,  Rhilos.  Trans,  numb. 
216  ; and  iiidetd  by  most  of  the  writers  on  fluxions.  In 


every  such  solid,  all  the  sections  pcrpcmlicular  to  the 
til  what  has  been  Mid  abnve,  we  have  Mippoaed  all  the  circiM,  and  ihcrcfore  Uiu  tluxion  of  the  «olid,  at 


matter  of  the  wheel  to  be  uniformly  disposed  throughout 
the  circumference  of  it ; but  supposing  the  wheel  of 
uniform  thickness  and  density,  or  in  any  other  way  con- 
stituted, before  we  enter  upon  the  invi-stigaiion  of  the  law 
of  accderalioh,  we  must  first  determine  the  centre  of  gy- 
ration, or  that  point  of  it  into  which,  if  all  the  matter  of 
the  body  be  collected,  the  same  angular  velocity  would 
be  produced,  w'bich  in  a unifotnrcircle  is  distance 

from  the  centre,  r being  the  radius  of  the  wheel.'  All  the 
nlatlcr  of  the  wheel  being  supposed  (o  be  collected  in  that 
circumference  whoM*  radius  is  \n*  shall  have  the 

moving  force  asrr,  because  the  .weight  of  the  wheel,  living 
uniformly  distributed,  will  balance  it  on  its  centre,  and 
thcixTorc  can  neither  tend  to  accelerate  nor  retard  the  de- 
scent of  tlic  body  p.  But  the  inertia  of  bodies  being  os 
the  square  of  their  distances  from  the  axis  of  motion,  wb 
shall  have  ir*q  for  the  inertia  of  the  wheel,  and  r*p  for 
the  inertia  of  the  weight  P,  giid  therefore 
accelerating  force  of  the  wheel,  or  of  the  lever  ah  ; and 


any  section,  is  equal  lo  (hat  circle  multiplied  by  the 
fluxion  of  the  axis.  6o  that,  ifx  denote  an  absciss  of  that 
axis,  and  y an  ordinate  to  it  in  the  revolving  plane,  which 
will  also  be  the  radius  of  that  circle:  then,  putting  n ss 
the  area  of  the  circle  isay*»  and  consequently  the 
fluxion  of  the  solid  is  the  fluent  of  which  will  be 

the  Content. 

Such  solid  may  also  be  expressed  in  terms  of  the  gene- 
rating plane  and  its  centre  of  gravity;  for  the  solid  is 
always  equal  to  the  product  arising  from  the  generating 
plane  multiplied  by  (he  path  of  its  centre  of  gravity,  or  by 
the  line  described  by  that  centre  in  the  rotation  of  the 
plane.  And  this  tla-orem  is  general,  by  whatever  kind  of 
motion  the  plane  is  moved,  in  describing  a solid. 

Rotation,  Hevoluiion,  in  Astronomy.  See  IUvolu- 

TION. 

Diama/ Rotation.  Set^  Diurn  ai.,  and  Karth. 

UOTUNDO,  or  Rotukoo,  in  Architecture,  a popu- 
lar term  for  any  building  thirt  is  round  both  withiiisidc 
and  without,  whether  it  be  a church,  hull,  a saloon,  a 


as  the  acceleration  of  any  point  of  a lever  muM,  (besides  vestibule,  or  the  like, 
the  accelerating  force  with  which  the  lever  itself  is  made  ROUND,  Roundness,  RotunijItv,  the  properly  of  a 
li>  revolve)  be  in  proportion  to  the  ilistance  of  that  point  circle  and  sphere  or  globe,  Ac. 


from  the  axisofsusjK*nsion,  therefore  the  accelerat  ion  of  (be 


point  p will  be  as  . 

r-.i«  ^ r}  Iv  r 
Let  now  A BC  represem  a wheel  and 
axle,  the  diameu-rs of  which  are  given, 
w and  r two  given  weights;  the  fonuer, 
U'lng  fixed  to  tho  axle,  is  drawn  up 
by  the  descent  of  the  latter  atlaclsi-d 
to  the  circumference  of  the  wh«X‘l; 
and  let  it  be  requirid  lo  determiru'  the 
acculeralive  force  of  the  descending 
body,  the  wheel  and  axle  being  sup- 
pot^  of  DO  weight. 


/ 


'0 


i: 


HOWNING  (John),  an  ingenious  Kngltsh  mathema- 
ticiun  and  philosopher,  was  fellow  of  Magdalen  College, 
Canibridgr,  and  afterwards  rector  of  Anderby  in  Lincoln- 
shire, in  the  gift  of  that  society.  lie  was  a constant  at- 
tendant at  the  luct  tings  i>f  the  Spalding  Society,  and  was 
a man  of  a great  philosophical  turn  of  mind,  (hough  of  a 
cheerful  and  sociable  4iispu*>ition.  Mr  had  a good  genius 
for  nK'clianical  contrivances  in  paiticiilar.  in  1738  he 
printed  at  Cambridge,  in  8vo,  A Comjx'odious  System  of 
Natural  PhiluM'phy,  in  2 v(>K  Svu;  a vTry  ingenious  work, 
which  has  gone  through  v.-veral  editions.  He  had  also 
two  pieces  inserted  lu  the  Philosophical  Transactions,  vis, 
1.  A Description  ul  arUaromelcr  w licrcin  the  Scale  of  Va- 
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tiation  may*be  inCKiMiid  at*pkasure;  voK38}  pa.  39.  tbu  wlolr  arl,  arc  called  addition*  subtraction*  multiple 

And  Q.  Direction  for'  making  a Machine  for  finding  the  catiuii,  and  division. 

Roots  of  Kquaticna  unircfitlly^  with  the  Planner  of  using  From  these  arise  numerous  other  rules,  w hich  are  in- 
it;  vol.  ^0,  pa.  2(0-— >Mr  Rowning  died  at  his  lodgings  deed  only  applications  ol  thc'sc  to  particular  purposes  and 
in  Carey-strrcl  near  IJncolnVlnn  Fields,  London,  the  occasions  { as  the  Kule-of-threc,  or  Itoldcii  Uule,  or  Rule 
latter  end  of  November  J77 1 1 at  72  years  of  age.  of  Froportion  ; also  the  Rules  of  Fellowship,  Interest, 

Though  a very  ingenious  ami  pleasant  man,  he  bad  Kxcbangcs,^Fc>sjtioh,  Progressions,  &c,  dec.  For  wbicli, 

rather  an  unpromising  and  forbidding  appearance:  he  u‘e  each  article  severally. 

was  tall,  stooping  in  the  shoulders,  and  of  a sallow  and  Uu  L£-<2A7^ree,  or  Au/e  fj^Pro^ior/Jon,  commonly  called 
gloomy  countenance.  (he  Goidm  Jittic  from  its  great  u»e,  is  a rule  that  teaches 

ROYAL  Oaky  Rdfwr  CatoUnumy  io  Astronomy,  one  of  how  tu  hod  a 4th  proportional  number  to  three  others 
the  new  southern  constellations,  the  stars  of  which,  uc-  that  are  given.  * 

cording  to  Sharp’s  catalogue,  annexed  to  the  Britannic,  As,  if  3 degrees  of  the  equator  contain  208  miles,  how 
are  IQ.  many  are  contained  in  36o 

RUDOLPIIINE  Tablesy  a set  of  astronomical  tables  degrees,  or  the  whole  cir- 
that  were  published  by  the  celebrated  Kepler, and  so  called  cumfcrtricc  of  the  earth? 
from  the  emperor  Rtidolgh  or  Rudnlphus.  The  rule  is  this:  State,  or 

RULE,  The  Carpentei^a^  a folding  ruler  grnerany  used  set  the  three  given  terms 
by  carpenters  and  other  artificers;  and  is  otherwise  called  down  in  the  form  of  the 
the  sliding  rule. — 'I'bis  instrument  consists  of  two  equal  first  three  terms  of  a pro-' 
pieces  of  bo.v-wood,  each  one  foot  in  length,  connected  portion,  stating  them  pro- 
together  by  a fuldir^  joint.  One  side  or  face,  of  the  rule,  portionally,  thus: 
is  divided  into  inches,  and  half-quarters,  or  eigluhs.  On  Then  multiply  the  2d  and  3d  terms  together,  and  divide 
the  same  face  also  are  several  plane  scales,  tbvided  into  the  product  by  the  1st  term,  so  shall  the  quotient  be  the 
l2th  parts  by  diagonal  lines;  which  are  used  in  piunniiig  4th  term  in  proportion,  or  the  answer  to  the  question, 
dimensions  that  are  taken  in  feet  and  inches.  The  edge  which  in  thia  example  is  24960,  or  nearly  23,000  mile«, 
of  the  rule  is  commonly  divided  decimally,  or  into  lOths;  fur  (he  circumference  of  the  earth, 
viz,  each  foot  into  10  e<]ual  parts,  and  each  of  these  into  This  rule  is  often  considered  as  of  two  kinds,  viz,  Direct, 
10  parts  again,  or  100th  parts  of  the  foot : so  that  by  and  /nrerae. 

nu'ani  of  this  last  scale,  dimensions  are  taken  in  feet  and  Dirtct,  is  that  in  which  more  requires 

tenths  and  hundredths,  and  multiplied  together  as  common  more,  or  less  requires  less.  - As  in  (his;  if  3 men  mow  2 1 
decimal  numbers,  which  is  the  U'st  way.  • yards  of  grsuis  in  a certain  time,  how  much  will  (j  men 

On  (he  one  part  of  the  other  face  are  four  lines,  mark-  mow  in  the  same  time  ? Merc  more  requires  more,  that 
ed  A,  B,  c,  n,  (be  two  middle  oiu*s  b and  c being  on  a is,  6 men,  which  are  more  than  3 men,  will  also  perforin 
slider,  which  runs  in  a groove  made  in  the  stock.  The  more  work,  in  the  same  time.  Or  if  it  were  thus:  if  (i 
same  numbers  serve  for  both  tliese  two  middle  lines,  the  men  mow  42  vards,  how  much  will  3 men  mow  in  the 
one  line  Ix'ing  above  the  numbers,  and  the  other  below  same  lime  ? ifcre  then  less  requin's  less  or  3 men  will 
them. — 1‘heve  four  are  logarithmic  lines,  and  the  three  perform  proportionally  less  work,  in  the  same  time.  In 
A,  B,  c,  which  arc  all  equal  to  one  another,  are  double  both  these  cases  thin,  the  rule,  or  (be  proportion,  is  di- 
lines, as  they  proceed  twice  over  from  1 to  10.  "The  reel;  and  the  stating  must  be 
lowest  line  u is  a single  one,  proceeding  from  4 to  40.  It  thus,  as  3 : 6 : : 21  : 42, 

is  also  called  the  girt  line,  from  its  use  in  computing  the  or  thus,  as  6 ; 3 : : 42  : 21. 

contents  of  trees  and  timber : and  on  it  arc  marked  vro  Rule^of-Three  Inverse,  is  when  more  requires  less,  or 
at  17*13,  and  AG  at  1 8'93,  (be  wine  and  nle  gauge  points,  less  requires  mure.  As  in  this;  if  3 men  mow  a certain 
to  make  (his  instrument  serve  the  purpose,  of  a gauging-  quantity  of  grass  in  14  hours,  in  how  many  hours  will 
rule.— On  (he  other  part  of  this  face  is  a table  of  the  0 men  mow  the  like  quantity?  Here  it  is  evident  that  6 
value  of  a load,  or  30  cubic  feet,  of  timber,  at  all  prices,  men,  being  more  than  3,  will  perform  the  same  work  in 
from  6d.  to  2s.  afoot.  less  time,  or  fewer  (K^urs;  hence  then  mure  requires  less. 

When  1 at  the  bfginntng  of  any  lir>c  is  accounted  only  and  the  rule  or  question  is  inverse,  and  must  be  stated 
1,  then  the  1 in  (he  middle  is  10,  and  the  10  at  the  end  by  making  the  number  of  men  change  places,  thus,  as 
100;  but  when  the  1 at  the  beginning  is  accounted  10,  6 : 3 : : 14  : 7 hours,  the  time  in  which  6 men  will  per- 
then  t in  the  middle  is  lOO,  and  the  10  at  the  end  1000  ; form  the  work  ; still  multiplying  the  2d  and  3d  terms  to- 
and  so  on.  All  the  smaller  divisions  being  also  altered  gtthrr,  and  dividing  by  the  1st. 

proportionally.  For  various  abbreviations,  and  other  particulars  relating 

By  means  of  ibis  rule  all  (be  usual  operations  of  arith-  to  these  rules,  see  my  books  of  arithmetic, 
rociic  may  be  easily  and  quickly  performed,  as  muliipti-  Double  Wvhf.-fif-TItree,  or  Compound  Proportion, 'a  whcjo" 
cation,  division,  involution,  evolution,  finding  mean  pro-  two  slatings  are  required  to  be  w rought,  or  to  be  com- 
portionals,  3d  and  4th  proportionals,  or  the  rulc-of-thrcc,  bined  logcthi*r,lo  find  out  the  number  sought. 

3rc.  For  all  which,  see  my  Mensuration,  part  5,  sect.  3.  This  rule  may  be  performed,  either  by  working  the  two 
Hulks  fff'  PhHowphiitn^.  See  PiiiLosoriiiziNG.  statingv  or  proportions  separately,  making  the  result  or  4th 

♦ Rule,  in  Anihmelic,  denotes  a certain  mode  of  opera-  term  of  the  Ul  operation  to  be  the  3d  term  of  the  last 
tion  with  figures,  to  find  sums  or  numbers  unknown,  and  proportion  ; or  else  by  reducing  the  two  statings  into  one, 
to  facilitate  computations.— Etch  rule  in  arithmetic  has  by  multiplying  the  two  first  terms  togcihi  r,  and  the  two 
its  particular  name,  according  to  the  u>c  fur  which  it  is  third  terms  together,  and  using  (he  produclsas  the  1st  and 
intended.  The  8rsl  four,  which  serve  as  a foundation  of  3d  terms  of  the  compound  stating.  As,  if  the  (]ucsUoo 


Digmz- 


mil.  dce.  milH. 
as  3 : 208  : : 360  : 249(>o 
360 
12480 
624 

3)74880 

2496U 
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Rustic  Ordrr,  is  an  ordi-rdLCoralcd  with  nislic  nn..in.  * 
or  rustic  work,  &c.  i » 

RUTHERFORD  (Thomas.  i>.  n.),  an  inemiuus  Fn- 
Rluh  philosopher,  was  the  son  of  ihe  Rev.  Thomas  Riiiher- 
loid,  rector  of  i'upworih  Everard  in  the  county  ofCam- 
brid(!c.  who  had  made  large  selections  for  the  history  of 
that  county.  He  was  born  the  13th  of  October  1712.  He 
studied  Bt  Cambridge,  uiid  bi-came  fellow  of  St.  John's 
collcgts  and  regius  professor  of  divinity,  in  that  univcisiiy  • 
afterwards  rctuir  of  Shenfield  in  Feae^,  and  of  Barley  in 
Hertfordshire,  and  archdiacon  of  Es5c.x.  He  died  Octo- 
ber 3,  177 1 . nt  5‘f  years  of  age. 

Dr.  Rutherford,  besides  a number  of  theological  writ- 
ings. published,  at  Cambridge, 

1.  Ordo  Institutionum  I’hysicarum,  17+3,  in  4io. 

2.  .-X  System  of  Natural  Philosophy,  in  2 vols,  itu 

1748.  A work  which  has  been  much  esteemed.  ' ’ 

3.  He  communicated  also  to  the  Gentleman's  Socieiv 

at  .Spalding,  a curious  correction  of  Plutarch's  descnption 
of  Ihe  instrument  used  to  renew  the  vestal  hre,  at  relating 
to  the  triangle  with  which  the  instrument  was  fyrmed.  It 
was  nothing  more,  it  teems,  than  a aoncavc  speculum 
whose  principal  focus,  which  collened  the  rays,  is  not  in 
the  centre  of  concavity,  but  at  the  distance  of  half  a dia- 
meter from  its  surface.  But  some  of  the  ancients  thought- 
otherwise,  at  appears  from  prop.  31  of  Euclid’s  Cat.V 
tries.  ‘ 


. . s. 

S a\  G 

O IN  books  of  Navigation,  5cc,  dcnotcBSituih.  Soalsd) 

S.  L,  is  south*onst;  s.  w.  somh*wrkt;  and  s.  s.  £. 
ftouth-Kiutli-cast,  &c.  Compa^k. 

-SACROnpSCO.  Sec  Hoi.vwo«n. 

SAGTITA,  in  Astronomy,  the  Arrow  or  Oar/,  a con- 
slcllation  of  the  northern  hemisphere  near  the  eagle,  and 
one  of  the  48  old  asterisms.  ThoGrci'ksaay  that  ihi»  con- 
stellation owes  its  origin  to  one  of  the  arrows  of  Hercules, 
with  which  be  killed  the  eagle  or  vulture  that  gnawed  the 
liver  of  Prometheus.  The  stars  in  Uiis  constellation,  in  the 
catalogues  of  Ptolemy,  Tycho,  and  llpvciius,  arc  only  5, 
but  in  Flamsteed’s  they  are  extended  to  18. 

Sagttta,  in  Geometry,  is  a terra  used  by  some  writers 
for  the  absciss  of  a carve. 

Sagitta,  in  Trigonometry  8fc,  is  the  same  as  the  vei^.d 
ainc  of  an  arch  ; being  so  called  because  it  is  like  a dart 
or  arrow,  standing  on  the  chord  of  the  arch. 

SAGl'ITARIUS,  SAC.iTTAav,.  the  /frcAer,  one  of  the 
signs  of  the  zodiac,  being  the '9th  In  order,  and  marked 
with  the  character  f of  a dart x>r  arrow.  This  constel- 
lation is  drawn  in  the  hgurc  of  a Centaur,  or  an  animal 
half  man  and  half  horse,  in  the  act  of  shooting  an  arrow 
from  a bow.  This  figure  the  Greeks  feign  to  l>e  Crotus, 
the  son  of  Eupheme,  tbe  nurse  of  the  muses.  Among  more 
ancient  nations  ibe  figure  was  probably  meant  fur  a hunt- 
er, to  denote  the  hunting  u'ason,  when  the  sun  enters  (his 
rign.  Tlie  stars  in  this  constellation  are,  in  Ptolemy’s  ca- 
ivvloguc  31,  in  Tycho’s  14,  in  Hev$.dius’s  32,  and  in  the 
Uritaninc  catalogue  69. 


S A 1 

SAILING,  in  a general  sense,  denotes  the  movement  by 
which  a vrtwl  is  wafted  along  the  surface  of  the  water,  by 
the  aclion  of  the  wind  upon  her  sails.  Sailing  ti  also  usevl 
for  the  art  or  act  of  navigating;  of  of  determining  all  the 
cases  of  a ship's  motion,  by  nicans  ofNca-charts  ^c.  These 
cliarli  are  constructed  either  on  the  supposition  that  the 
earth  is  a large  extended  flat  surface,  whence  we  obtain  ' 
those  that  are  called  plane  charts  ; or  on  the  supposition 
that  the  earth  is  a sphere,  whence  arc  derived  globular 
charts.  Accordingly,  sailing  may  be  distinguished  into 
twogenrral  kinds, viz.  Plane  Sailing,  and  GiobuUr  Sailing. 
Sometimes  indeed  a third  sort  is  added,  viz,  Spheroidical 
Sailing,  which  proceeds  on  the  supposition  of  the  sphe- 
roidical figure  of  the  earth. 

Plane  Sailimo  is  that  which  is  performed  fay  means  of 
a plane  chart;  in  which  cave  the  meridians  are  considered 
as  parallel  lines,  the  parallels  of  latitude  are  at  right  angles 
to  the  meridians,  (he  lengths  of  the  degrees  on  tbc  meri- 
dians, C(]uator,  and  parallels  of  Utitiidc,  are  every  where 
equal.  In  plane  soiling,  the  principal  terms  and  circura- 
Ktunces  made  use  of,  are,  courn^  distance,  departure,  dif- 
ference of  latitude,  rhumb,  Ac;  for  as  to  longitude,  that 
has  no  place  in  plane  sailing,  but  belongs  properly  to  glo- 
bular or  spherical  sailing.  The  explaimtion  of  all  which  « 
terms,  are  given  under  tbc  rrspcclivearticles. 

If  a ship  sails  either  doc  north  or  south,  she  soils  on  a 
meridian,  her  distance  and  difference  of  latitude  are  tiic 
same,  and  she  mokes  no  departure : but  where  the  ship 
sails  either  duccaMor  west,  she  runs  on  a parallel  of  lali- 


bc  ibis  : If  100/.  in  2 years  yield  9/.  interest,  how  much 
will  M)0/.  yield  in  ^ yenri.  Ilcre,  the  two  stalings  are, 
100)  „ . . J jOO 

2 j ■ 1 6 

Then,  to  work  (he  two  statings  separately, 

a.s  100  : 9 : : 5C0  : 45/. 
and  2:6:  : 45  ; 135/. 

so  that  1351.  is  the  interest  or  answer  sought,  uut  towork 
by  one  staling,  it  will  be  thus, 

100  500 

a £ 

‘JOO  : 9 : : 3000  ; 135/.  the  answ  er. 

2 00  ) 270-00  ( 135/. 

Se<‘  the  books  ol  arithmetic  fur  more  particulars. 

C^/»a/RuLR.  See  CtNTRAl.  R«/e. 

Parallel  IluLru.  See  Parallel  iLuler, 

IIGMIL  S(.-c  Hiivmr. 

RL-MB-7.il/ir,  or  Lozodromie.  St-e  Riii*m  B-Z>ne. 

HU5TIC,  in  Architecture,  denotes  h manner  of  build- 
ing m imitation  of  simple  or  rude  nature,  rather  than  ac- 
cording to  the  rules  of  art. 

Rustic  Huoin.  See  Quoisr. 

Rustic  H’ork  is  where  the  stones  in  the  face  Ac  of  a 
building,  instead  of  being  smooth,  arc  hutched  or  picked 
with  the  point  of  an  instrument. 

Regular  RustiC9,  are  those  in  which  the  stones  are 
chamicred  o/T  at  the  edges,  and  form  angular  or  square  re- 
cesses of  about  an  inch  deep  at  tbcir  jointings,  or  beds, 
and  ends. 
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re»t  may  be  fouiul  by  plane  trigono* 
nieiry.  Tbuk«  in  the  annexed  figure^ 
MippoiC  the  circle  fufh  to  rcpre> 
•eni  the  horiaoti  of  the  place  a,  from 
whence  a ^hipaails;  ac  (he  rhumb 
she  saile  ui>on,  and  c the  place  ar* 
rived  at;  then  nil  represents  the  pa- 
rallel of  Utitudf  she  sailed  from,  and 
cc  the  parallel  of  the  latitude  arrived 
in ; so  tUnt 


AD  and  DC, 
i«  e.  dilTerence 
of  latitude  and 


AE  : ab  : t J 
rad. : s.  course  : 

AS  : EB  : : 

rod. : coa.  course 


^A  and  AC, 
i,  c.  Course  and 
distance. 


dr'parture 


/.A  and  AD, 
i.  e.  course  and 
diffi-rence  of 
latitude. 


AC  and  DC, 
i.  e.  distance 
and  departure. 


AC  and  AD, 
i.  e.  distance 
jmd  diflereuce 
of  latitude. 


BE  : j 
a.  dtnir, 
BE  :'-4 
s.  coor.i 


Z.  A and  DC, 
i.e.  course  and 
departure. 


AC  and  AD, 
i.  e.  distance 
and  didcrciice 
of  latitude. 


Z.A  and  DC, 
i.c.  course  and 
departure. 


Z.A  and  AD, 
i.  a.  course  and 
difisrence  ofla- 


AC  and  DC, 

i.  e.  diatanca 
and  departara. 


titude. 


cos.  cour. 


ad  and  DC, 
i.  c.  deference 
of  latitude  and 


^A  and  AC 
i.c.  bourse  and 
distance. 


drparttire. 


9.  conr. : rad. ; ! dcp.  : diatanee. 
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A^nii))  •»  mtlius 
to  Ci*i-  cnur&c 
so  iii»t-  98  • 

to  diff.  of  liil.  81*48  • • • 

4.  Gimttr^a  Scaie.  'llie  ext«  nt  from  radius,  or  8 
points,  tp  3 pointt,  on  the  line  ofsinr  rhumbs,  applii'il  tq 
the  line  of  numbers,  will  reach  from  98  to  54i  the  de- 
parture. And  the  extent  from  8 points  iti  5 points,  of  the 
rhumbs,  roach«s  from  98  8I|  00  the  liue  of  numbers, 

for  the  difference  of  latitude. 

And  in  like  manner  for  other  rases. 

TVaverie  Sailpmo,  or  Compcnuid  Courset^  Ulbe  uniting 
of  several  Ases  of  plane  sailing  into  one  ; as  when  ^ship 
sails  in  a xigsag  manner,  certain  disunc«*s  upon  several 
different  courses,  to.  iind  the  whole  difference  of  latitude 
and  departure  made  good  oa  all  of  them.  1'bis  is  done  by 
working  all  the  case*  separately,  by  means  of  the  traverse 
table,  and  constructing  the  figure  as  ra  the  following  ex- 
ample. * 

£x.  A ship  sailing  from  a place  in  latitude  24^  32'  n, 
has  run  five  different  courses  and  distances,  as  set  down  in 
the  1st  and  2d  columns  of  the  following  traverse  table; 
n^uired  her  preai'nt  latitude,  with  the  departure,  and  the 
direct  course  and  liisiance,  between  the  place  sailed  from, 
and  the  place  come  to. 

TVnrerse  Tlakle. 


Coonn. 

Dut. 

N. 

a 

£. 

w. 

Bwb  8 

45 

9S0 

374 

* ESB 

50 

191 

sw 

30 

2T2 

21* 

sa  b E 

60 

5 3-3 

49-9 

BW  b 8 i W 

(is 

5 0 6 

373 

1492 

96-1 

9b  » 

Here,  by  hndmg,  in  the  general  traverse  Cable,  the  differ-^ 
ence  of  latitude  and  departure  answering  to  each  course 
and  distance,  they  are  set  di»wn  on  the  same  lines  with 
each  courae,  and  in  their  proper  columns  of  northing, 
southing,  easting,  or  Wi'Sting,  according  to  the  quavter  of 
the  compass  the  ship  sails  in,  at  each  course.  As  here, 
there  is  no  northing,  the  diHerences  of  latitude  areal)  south- 
ward, also  two  departures  are  vastward,  and  three  arc 
westward.  Thert,  adding  up  the  numbers  in  each  column, 
the  sum  of  the  castings  appears  to  be  exactly  equal  to  the 
sum  of  the  westings,  consequently  the  ship  is  arrived  in 
the  same  meridian,  without  making  any  departure  *,  and 
the  southings,  or  difference  of  latitude  being.  149  2 miles  or 
mimiti*s, 

that  is 2®2</, 

which  taken  from-  - - . <^4  33, 
the  latitude  dcp.  from, 

leaves ..--  22  3jr, 

the  latitude  come  to. 

To  Coiurnicf  thi*  7Vover<r.  With 
the  chord  of  60  dcgiees  describe 
the  circle  n s 8ce,  and  quarter  it  by 
the  two  porpcudieular  diameters ; 
then  from  S >ct  upon  it  the  several 
couiNfa,  to  the  points  marked  I,  2, 

3,  4,  5,  through  which  points  draw 
hnesfrom  the  centre  a,  or  conceive 
them  tn  be  drawn ; lastly,  up«m  the 
ffm  liDc  lay  off  the  ffnt  distance  45 


from  .A  to  8,  also  drkw  bc  = 50  and  parallel  to  a f, 
and  cu  8s  30  parallel  to  a 3,  and  db  s 60  parallel  to 
A 4, aiid  EF  “ 63,  parallel  to  a 5;  then  it  is  lound  that 
the  point  F tails  exactly  on  the  meridian  naf  produced, 
thereby  shun  mg  that  there  is  no  departure  ; and  by  mea- 
suring af,  it  givi<s  149  mill's  for  the  differtnee  of  latitude. 

Ob/iy(te  Sailixg,  is  the  resolution  of  certain  coses  and 
problems  m sailing  by  oblique  triangles,  or  in  which  ol>- 
liqucMriangli  s are  coiici  rned.  In  this  kind  of  sailing,  it 
may  be  observed,  that  to  $et  an  o^c/,  means  to  observe 
what  rhuuib  or  point  of  the  nautical  compass  is  directed 
to  it.  And  the  keating  of  an  object  is  the  rhumb  on  which 
it  is  seen  ; eLsu  the  U-aring  of  one  place  from  another,  is 
reckoned  by  the  name  of  the  rhumb  passing  through  those 
two  plan's. 

In  every  figure  relating  to  any  case  of  plane  sailing,  the 
bearing  of  a line,  not  running  from  the  centre  of  the  circle 
or  horisnn,  is  found  bj  drewing  a line  parallel  to  it,  from 
the  centre,  and  inwards  the  same  quarter^ 

Er.  A ship  sailing  at  sea,  observed  a point  of  land  to 
bear  e by  and  then  alter  sailing  ne  12  miles,  its  bear- 
ing was  found  to  be  SF.  by  E.  Required  the  place  of  that 
point,  and  its  distance  from  the  ship  at  the  last  observa- 
tioru 


N 


Coiutruciion.  Draw  the  meridian  line  yrAS,  and,  as- 
suming A fur  the  first  place  of  the  ship,  draw  ac  the  E by  a 
rhumb,  and  ab  the  Kt  one,  upon  which  lay  off  12  miles 
from  A to  B ; then  draw  the  meridian  bt  parallel  to  as, 
from  which  set  off  the  se  by  E point  BC,  and  the  point  c 
will  bc  the  place  of  the  land  required  ; then  the  dUunce 
BC  measures  26  milt's. 

Or  tfius,  describe  the  circle 
KKX  8cc,  and  draw  ks  and  ab 
cutting  each  other  at  right 
angles  in  the  centre  a ; which  is 
supposed  to  be  the  place  of  the 
ship.  Draw  also  A B tse  B aline, 

A 1 Ihe  E by  s.  and  a 3,  the  be 
by  B line.  Take  a B =s  12,  and 
draw  BC  parallel  to  a 3,  then 
produce  a 1 till  it  cuts  bc  me, 
so  shall  c bc  the  point  of  land,  which  meuures  S6  miloB 
as  above. 

By  Compa/ofion.  Here  arc  given  the  side  ab,  anddhe 
two  angles  a and  B,  viz,  the  Z.A  “ 5 points  or  56^  l5^ 
and  the  or  101°  15';  consequently  the 

Z.C  = 2 points  ur  22°  30*.  Then,  by  plane  trigonone- 

try. 

As  sin.  Z.c2'°30'*...  0*58284 

.To  sin.  56  15  - - - - 9 94985 


10*00000 

9-91985 

J 99*23 

1-9110$ 


.-isr... 
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5o  li  AB  12  mile*  - - - - 1*07918 
To  BC  26  073  miles  ....  1*41619 
Sailing  fo  fTiWuflrt/,  is  working  the  ship  towards  that 
quarter  of  the  compass  from  which  the  wind  blows. 

For  rightly  undemanding  this  part  of  navigation,  it  will 
be  necessary  to  explain  the  terms  tlwt  occur  iu  it,  though 
most  of  them  may  be  seen  in  their  proper  phtces  in  this 
work.  When  the  wind  is  directly,  or  partly,  against  a 
ship's  diraftt  course  for  the  place  she  is  bound  to,  sbo 
reaches  her  port  by  a kind  of  zigiag  or  a like  course ; 
which  is  made  by  sailing  with  the  wind  first  on  one  quar- 
ter, and  then  on  the  other. 

In  a ship,  when  you  look  towards  the  head. 

Starboard  denotes  right  hand  side  ; 

Larboard,  the  left  hand  side; 

Forwards,  or  afore,  is  towards  the  bead ; 

Aft,  or  abaft,  is  towards  the  stern.  The  Beam  means 
athwart  or  across  the  middle  of  the  ship. 

When  a ship  sails  the  same  way  that  the  wind  blows, 
she  is  said  to  sail  or  run  before  the  wind  ; and  the  wind 
is  said  to  be  right  afl,  or  right  astern;  and  her  course  is 
then  l6  points,  or  the  farthest  possible,  from  the  wind, 
that  is,  from  the  point  the  wind  blows  from.— When  the 
ship  sails  with  the  wind  blowing  directly  aqross  ber,  she 
is  said  to  have  the  wind  on  the  ^*aro;  and  her  qourie  is 
8 points  from  the  wind. — When  the  wind  blows  obliquely 
across  the  ship,  the  wind,  is  said  to  be  abaft  the  beam 
when  it  pursues  ber,  or  blows  more  on  the  binder  part, 
but  before  the  beam  when  it  meets  or  opposes  ber  course, 
her  course  being  more  than  8 points  from  the  wind  in  the 
former  case,  but  lea  than  8 points  in  the  latter  cose.— 
When  a ship  endeavours  to  BMil  towards  that  point  of  the 
compass  from  which  the  wind  blows,  she  is  said  to  sail  on 
a wind,  or  to  ply  to  windward. — And  a vessel  sailing  ts 
near  as  she  can  to  the  point  from  which  the  wind  blows, 
is  said  tQ  be  close  hauled.  Most  ships  will  lie  within 
about  6 points  of  the  wind ; but  sloops,  and  some  other 
vessels,  will  lie  much  nearer.  To.  know  how  near  the 
wind  a ship  will  lie ; obsctve  the  course  she  goes  on  each 


Now  the  first  course  will  be  on  one  of  these  rhumbs,  ac- 
cording to  the  tack-  the  ship  leads  with.  Draw  a tine 
through  the  place  bound  to,  parallel  to  the  other  rhumb, 
and  meeting  the  first;  and  this  will  show  the  course  and 
distance  on  the  other  tack. 

Ex.  The  wind  being  at  north,  and  a ship  bound  to  a 
port  25  miles  directly  to  windward ; b^inning  with  the 
starboard  tacks,  what  must  be  the  course  and  distance  on 
each  of  two  tacks  to  r\*ach  the  port  f 

Gnutnetion.  Having  drawn  the  circle  &c,  as  above 
described,  where  a is  the  port,  ab  and  au  the  two 
rhumbs,  each  within  6 points  of 
AN  ; in  NA  produced  take  an  = 

25  miles,  then  B is  the  place  of 
the  ship  ; draw  bc  parallel  to  ap, 
and  meeting  qa  pr^uced  in  c; 
so  shall  BC  and  ca  be  the  distances 
on  the  two  tacks  ; the  former  being 
WNW,  and  the  latter  ene. 

CoM^forioa. 

Here  Z.B  =s. NAP  = ^points, 
and  ^ A = KAQ  a 6 points, 
thcref.  iLC  = 4 points. 

So  that  all  the  angles  are  given,  and  the  side  ab,  to  find 
the  other  two  sides  aC  and  ac,  which  aoe  equal  to  each 
other,  because  their  opposite  angles  a and  a are  equal. 
Hence,  ts  sin.  c : ab  : : sin-  a : bc, 
i.  e.  s.  45®  : 25  : : s.  67®  30* : 32}  = bc  or  ac.  the 
distance  to  bc  run  on  each  lack. 

Sailing  ia  CWirm/s,  is  the  method  of  determining  the 
true  course  and  distance  of  a ship  when  ber  own  motion 
is  affected  and  combined  with  that  of  a current. 

A current  or  tide  is  a progressive  motion  of  the  water,' 
causing  all  floating  bodies  to  move  that  way  towards 
which  the  stream  is  directed. — ^Tbe  setting  of  a tide,  or 
cucrent,  is  that  point  of  the  compass  towards  which  the 
wsten  run ; and  the  drift  of  the  current  is  the  rate  at 
which  it  runs  per  hour. 

The  drift  and  setting  of  the  most  remarkable  tides  end 


wind  a Ship  Will  he ; ob^tve  tlie  cour«  wc  goes  on  eacn  ^„,renis.  are  pretty  well  known  ; but  for  unknown  cur- 
tack,  when  she  is  close  hauled  ; then  half  the  number  of  . 

points  between  the  two  courses,  will  show  how  near  the  ' . 

wind  the  ship  will  lie. 

The  windward,  or  weather  side,  is  that  ude  of  the  ship 


on  which  the  wind  blows ; and  the  other  side  is  called  the 
leeward,  or  lee-tide.;— 'Tacks  and  sheets  are  largo  ropes 
fastened  to  the  lower  corners  of  the  fore  and  main  sails ; 
by  which  cither  of  these  comers  is  hauled  fore  or  aft.~ 
When  a ship  sails  on  a wind,  the  windward  lacks  are  al- 
ways hauled  forwards,  and  the  ICeward  sheets  aft— The 
starboard  tacks  are  aboard,  when  the  starboard  tide  U to 
windward,  and  the  larboard  tide  to  leeward.  And  the 
larboard  tacks  are  aboard,  when  the  larboard  side  is  to 
windward,  and  the  starboard  to  leeward. 

The  moat  common  casca  in  turning  to  windward  may 
be. constructed  by  the  following  precepts.  Havina  drawn 


Let  three  or  four  men  take  a boat  a little  way  from  the 
ship;  and  by  a rope,  fastened  to  the  boat's  stem,  let  dowp 
a heavy  iron  pot,  or  loaded  kettle,  into  the  sea,  to  the 
depth  of  80  or  100  fathoms,  when  it  can  be  done  : by 
which  means  the  boat  will  ride  almost  as  steady  ns  at  an- 
chor. Then  heave  the  log,  and  the  number  of  knots  run 
out  in  half  a minute  will  give  the  rale  of  the  current,  or 
the  miles  which  it  runs  per  hour;  and  the  bearing  of  the 
tog  shows  the  setting  of  the  current. 

A body  moving  in  a current,  may  be  considered  in  three 
cssea:  vis, 

1.  Moving  with  the  current,  or  the  same  way  it  sets, 

2.  Moving  against  it,  or  the  contrary  way  it  sets. 

3.  Moving  obliquely  to  the  current's  motion. 

In  the  1st  case,  or  when  a ship  sails  with  a current,  jtt 


4 cir^  with  the  chord  of  6^,  to  represent  thehorison  velocity  will  be  equsl  to  the  sura  of  its  proper  mtAion* 
of  the  place,  quarter  it  by  drawing  the  meridian  and  and  the  current’s  drift.  But  in  the  Sd  case,  or  when  a 
paniUcl  of  latitude  perpendicular  to  each  other,  and  both  ship  sails  against  a current,  its  velocity  will  brcqualtiithe 
through  the  centre ; mark  the  place  of  the  wind  in  the  difference  of  her  own  motion  and  the  drill  of  the  current : 
cir<  umhivnce;  draw  the  rhumb  passing  through  the  so  that  if  the  current  drives  stronger  than  the  wind,  the 
place  bound  to,  and  lay  on  it,  from  the  centre,  the  dis-  ship  will  drive  astern,  or  lose  way.  In  the  3d  case,  when 
tance  of  that  place.  On  etch  side  of  the  wind  lay  off,  the  current  sets  oblique  to  the  course  of  the  ship,  her  real 
in  the  circumference,  the  points  or  degrees  showing  bow  course,  or  that  made  good,  will  bc  somewhere  between 
imarxhe  wind  the  ship  can  lie;  ami  draw  these  rhumbs,  that  in  which  the  ship  eudeavours  to  and  the  dircctioa 
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of  the  current;  and  indeed  it  will  always  bt  alcmf;  the 
diii^nnul  of  a purulivlo^ram,  of  which  one  &ido  reprc> 
srnts  the  »hi|>*»  course  set,  aiul  ihu  other  adjoining  side 
the  current’s  drift. 

t AB  Ih'  the  direction  of  the  wind,  or  the  direction  of 
the  viAocI  when  acted  on  by  wind  only, 
and  AB  the  distance  the  ship  would 
run  in  any  given  lime*  by  the  action 
of  this  force;  also  let  ac  be  the  di* 
ri-ctiun  of  the  current^  and  the  dU« 
lance  the  ship  would  be  carried,  in 
the  same  time  as  nbove»  by  this  force 
only.  Draw  bd  pnnUli  ) to  ac,  and  ct>  parallel  to  a a, 
meeting  BD  in  D,  nnd  join  ad  ; then  will  ad  represent 
the  real  course  of  the  vessel  when  acted  on  by  those 
two  forces  conjointly.  Kor  the  wind  neither  acceleratea 
nor  rctanls  the  motion  of  the  ship  towards  the  line  cn,  the 
current  therefore  will  bring  her  there  in  the  same  lime  as 
if  the  wind  did  not  act.  And  in  the  same  manner,  the 
current  will  have  no  eflfect  on  the  motion  of  the  ship  in 
the  direction  ab,  the  wind  therefore  will  bring  her  to 
the  lino  bd  in  the  same  time  as  if  the  current  did  nut  act. 
Therefore  the  ship  at  the  end  of  that  time,  will  be  found 
in  both  those  lines,  that  is.  In  tbeir  point  of  meeting  d. 
Consequently  the  ship  roust  have  passed  from  a to  d in 
the  diagonal  ad. 

Hence,  drawing  the  rhumbs  for  the  proper  course  of 
the  ship  and  of  the  current,  and  setting  the  distances  otf 
upon  them,  according  to  the  quantity  run  by  each  in  the 
given  time;  then  forming  a parallelogram  thoae  two, 
ami  drawing  its  diagonal,  this  will  be  the  real  course  and 
distance  made  good  by  the  ship. 

Ex.  1.  A ship  sails  tu  5 miles  an  hour,  in  a tide  sotting 
the  same  way  4 miles  an  hour : required  the  inip’s  course, 
and  the  distance  mads?  good. 

The  ship's  motion  is  5m.  %. 

The  current’s  motion  ii  4m.  c. 

Theref.  the  ship's  run  is  9>o.  a. 

Bi.  2.  A ship  sails  asw.  with  a brisk  gnle»  at  the  rate 
of  9 miles  an  hour,  in  a current  setting  nhb.  2 miles  an 
hour  : required  the  ship’s  courae,  and  the  distance  made 
good. 

The  ship’s  motion  is  saw.  9m. 

The  current's  motion  is  knf.  t!m. 

Theref.  ship’s  true  run  is  ssw.  7m.  ’ 

Rx.  3.  A ship  running  south  at  the  rate  of  5 mites  an 
hour,  in  10  hours  crosses  a current,  which  all  that  time 
was  setring  east  nt  the  rate  of  3 miles  an  hour;  required 
the  ship’s  true  course  and  distance  sailed. 

Here  the  ship  is  first  supposed  to  be 
at  A,  her  imaginary  coarse  is  along  the 
line  AB.wbicIi  is  drawn  south,  and  equal 
to  50  miles,  the  run  in  10  hours ; then 
draw  ac.eiAr,  and  equal  to  30  miles,  the 
run  of  the  curn-nl  in  10  hours.  Then 
Iho  ship  is  found  at  c,  and  her  true  path 
it  in  the  line  ac  3=  58*31  her  distance, 
and  hdV  course  is  the  tingle  at  a k 30® 

58^  from  the  south  towards  the  east. 

(ilohuiar  ^AU.ivG  is  the  estimating  the  ship’s  motion 
and  run  on  princtph*s  derlnnl  from  the  globular  figure  of 
the  earth,  via,  her  course,  distance,  and  difference  of  lati« 
tudeand  longitude. 

The  principles  of  ibis  method  areexplaiued  under  the 
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articles  Rhumb’/am,  Aferca/or’«CuAiiT,aad  MButoroTfAL 
Parti;  which  see. 

(ilobular  Sailing,  in  the  extensive  sense  here  applied 
to  the  term,  compnhemls  Parallel  bailing,  Middle*lati« 
tudu  Sailing,  and  Mercator's  Sailing;  to  which  may  bo 
added  Circular  Sailing,  or  Great'circle  Sailing.  Of  each 
of  which  it  may  be  proper  to  give  a brief  account  in  this 
place. 

P«ra//W  Sa  tcixo  is  the  art  of  finding  wh^t  distance 
a sb  p should  run  due  cast  or  west,  in  sailing  from  the 
meridian  of  one  plwce  to  that  of  another,  to  any  parallel 
of  iHiiiude. 

The  compulations  in  parallel  sailing  depend  on  the 
following  rule : 

.^s  {adius,  9 

To  cosine  of  the  lat.  of  any  parallel ; 

So  are  the  milrt  of  long,  l^tween  any  two  meridians. 
To  the  dist.  of  these  meridians  in  that  parallel. 

Also,  for  any  two  latitudes, 

As  the  cosine  of  otic  latitude, 

Is  to  the  cosine  of  another  latitude  ; 

•So  is  a given  meridional  dist.  in  the  1st  parallel, 

'W>  the  like  meridional  dist.  in  the  2d  parallel. 

Hence,  counting  6*0  nautical  miles  to  each  degree  of 
longitude,  or  on  the  equator  ; then,  by  the  first  rule  the 
number  of  miles  in  each  degree  on  the  other  pantlleU, 
will  be  found  as  in  the  following  table. 


Tabu  qf  Meridumal  Distmce$, 


Ui. 

Ui. 

Mitp*. 

Ut. 

Milrt. 

1 

59  09 

31 

51*43 

6T 

29  09 

0 

i9'96 

32 

50  88 

62 

28  17 

3 

i9’92 

33 

50*32 

63 

27  24  • 

4 

59*85  ; 

34 

4974 

64 

36  JO 

i 

39-77 

35 

49-14 

65 

25-36 

6 

i96T 

36* 

48*54 

66 

24*41 

7 

i9‘iS 

37 

4792 

67 

23  44 

8 

5t)+2 

)8 

47-28 

68 

22-48 

9 

S9'26 

59 

46-63 

69 

21*50 

10 

4909  : 

40 

4496 

70 

2052 

11 

48-89 

41 

45>*28 

71 

19' 53 

12 

48-69  ! 

42 

4459 

72 

I8'54 

M 

48-46 

43 

43  68 

73 

17  54 

u 

58*22  1 

44 

43- 16 

74 

1644 

IJ 

4794 

45 

42  43 

75 

15'43 

16 

■J7-67  1 

46* 

41  68 

76 

1451 

17 

47-38 

♦7 

4092 

77 

13’40 

18 

47-06 

48 

40-15 

78 

12  48 

19 

46-73 

49 

39  36 

79 

11*45 

20 

56-38 

50 

38-57 

80 

1042 

21 

46-01 

51 

87-76 

81 

938 

22 

45-63 

52 

3694 

82 

8*35 

23 

55*23 

43 

36- 11 

83 

7-32 

24 

54-81 

54 

35-27 

84 

6-28 

25 

54*36 

44 

3441 

85 

523 

26 

33  93 

56 

33*55 

86 

418  - 

27 

43-46 

47 

32  68 

87 

3 14 

28 

3J-97 

58 

31-79 

88 

209 

29 

52*47 

49 

30-90 

89 

1*05 

30 

41-96 

60 

30*00 

90 

000 

See  another  table  of  this  kind,  allowing  69^^  English 
loiies  to  one  dcgix*e,  under  the  articlo  Dbobfr. 

To  fiod  the  meridional  distance  Co  viy  number  of  mi* 
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nvtet  between  iny  of  tbe  whole  degrees  hi  Ibe  table,  as 
for  instance  in  (be  paralltl  of  48^26';  takeout  (he  ta<* 
bular  distances  for  the  two  whole  degrees  between  which 
tbe  parallel  or  (he  odd  reinutes  lie,  a»  fur  48"^  and  4^° ; 
subtract  the  one  from  the  other,  and  take  the  pn»portiooal 
part  of  tbe  reniainder  for  the  ihUI  minutes,  by  multiply-, 
ing  it  by  those  minutes,  and  dividtr^  by  and  lasily, 
subtract  (lih  proporiiooal  part  from  the  grtaier  tabular 
number,  'thus,  • 

Lot.  48*^  - - 40  FJ 

Ul.  49.  . . 39'3<) 

As  6<y  : 26*  : ; 079  rem.  : 0*34 

JZ6 

47*  * 

1.18 

60  ) SO-34 

0*34  pro.  part 

Taken  Trom  • - 40*15  for  lat.  48'* 

Leaves  merid.  disl.  39*81  for  lat.  48®  26*. 

And,  iji  like  manner,  by  (he  counter  operation,  to  find 
what  latitude  answers  to  a given  meridional  distance.  As, 
for  ex.  in  what  latitudu  46  08  miiet  answer  to  a decree  of 
longitude. 

From  46*63  for  30®  I from  46*63  for  39® 

Take  45*96  for  40®  | take  46*08  given  number. 

Then  as  0*67  : 60'  : ; 053  : 49' 

60 

„ 67)  3300 

49'  pro.  part. 

Tbecefore  the  latitude  sought  is  39®  49'. 

£x.  3.  Given  the  latitude  and  meridional  distance;  to 
find  the  corresponding  diflerence  of  longitude.  As,  if  a 
ship,  iu  latitude  53®  36',  and  longitude  10®  18'  east,  sail 
due  west  236  miles;  required  her  presoat  loogitude. 

Here,  by  tbe  first  rule, 

As  cos.  lau  53®  36'  cump.  0*22664 
To  radius  - 90  00  - . 10  00000 
Somerid.dist,  236  m.  2*37291 
To  difl:  long.  397  7 - - 2*59935 

Its  eOlh  gives  6®  38' w.  diff.  long.' 

Taken  from  10  18  b.  long,  from 

Leaves  - - 3 40  E.  long,  come  to. 

By  the  tabie ; the  length  of  a degree  on  the  narallel  of 
53  * 36' is  35*6.  ^ 

Then  as  35*6  : 60  : ; 236  : 397*7.  Ibe  diC  of  long,  the 
same  as  before. 

Middie-latitude  SaiLZKC.  is  a method  of  resolving  the 
cases  of  globular  sailing  by  means  of  tbe  middle  latitude 
^tween  the  latitude  departed  from,  and  that  come  to. 
1 his  method  is  not  quite  accurate,  being  only  an  ap- 
proximation to  the  truth,  and  it  makes  use  of  the  priucH 
filing  and  parallel  saUing  conjointly. 

The  method  U founded  on  the  supposition  that  the  de- 
parture is  reckoned  m a meridional  distance  in  that  lau- 
r **  ^ middle  parallel  between  the  latitude 
sailed  from,  and  that  arrived  at.  But  the  method  is  not 
quite  accurate,  because  the  arithmetical  mean,  or  half 
sum  of  the  cosines  of  two  distant  latitudes,  is  not  exactly 
the  cosine  of  the  middle  Uiitude,  or  half  tbe  sum  of  those 
Ulitudck  ; nor  is  ibe  departure  between  two  places,  on  an 
oblique  rhumb,  equal  to  the  meridional  distance  in  the 
middle  latiuida;  aa  ia  preaumed  in  this  method.  Vet 


when  the  parallels  are  near  tJic  equator,  or  near  to  eacli 
other,  in  any  hititudc,  the  error  is  not  considerable. 

Ihis  method  sorms  40  have  b»*cn  invented  on  accounl 
of  the  easy  manner  in  wlticli  the  swi-ral  cases  may  be  rc- 
solvi-d  by  the  traverse  tabl>^  ami  when  a table  of  raert- 
dional  parts  is  wuniiiig.  Tbe  cumputations  depend  on 
the  fullnwiiig  rules  : 

1.  Take  half  the  sum,  ortho  arithmetical  mean,  oftb# 
. two  given  latitudes,  for  the  middle  latuude.  Then, 

3.  As  cosine  of  middle  latitude. 

Is  to  the  radius; * 

So  is  the  departure, 

To  the  dlff.  of  Idngitude.  And, 

3.  As  cosine  of  middle  latitude, 
h to  the  tangient  of  the  course ; 

So  is  the  difference  of  latitude. 

To  (he  difference  of  loiigitqde* 

ilferc«(or’#  Sailing,  is  (he  art  of  rjCfoIving  the  several 
caacs  of  globular  sailing,  plane  trigonometry,  with  (be 
assistance  of  a (able  of  meridional  parts,  or  of  logarllhznic 
tangents.  And  the  computations  arc  performed  by  the 
following  rules  : 

1.  As  meridional  diff.  lat. 

To  ditf.  of  kiugitudc ; 

So  is  tbe  tadiua, 

To  tangent  of  ibe  course. 

2.  As  the  proper  diff.  lat. 

To  the  departure ; 

So  is  mend.  diff.  lat. 

To  diff.  of  Jongitude. 

3.  As  diff.  log.  tang,  half  colatltudcs. 

To  tang,  of  51®  38' 09”; 

So  is  a given  diff.  longitude, 

To  tangent  of  the  course. 

The  manuer  of  working  with  the  meridional  parts  and 
logarithmic  tangents,  will  appear  from  the  two  following 
cas4*s. 

1.  Given  the  latitudes  of  two  places;  to  find  their^e- 
ridional  difference  of  latitude. 

By  the  Mcrid.  Parte.  When  the  places  tire  both  on 
the  same  side  of  the  equator,  take  the  diff  rcnce  of  t&e 
m«i*idional  parts  answering  to  each  latitude;  but  when 
tbr  places  arc  on  opposite  sides  of  the  equator,  take  the 
sum  of  tbe  same  parts,  for  tbe  meridional  difference  of 
latitude  soughu  • 

By  the  Log.  Tangente.  In  tbe  former  case,  take  the  dif- 
ference of  the  log.  tangents  of  the  half  cobiiitudes  ; but  in 
the  latter  case,  take  the  sum  of  the  same;  (hen  the  said 
difference  or  sum  divided  by  12*63,  will  give  the  meri* 
dioiml  difference  uf  latitude  sought. 

2.  Given  the  lantude  of  one  place,  and  the  meridional 
difference  of  latitude  between  ibat  and  another  place;  to 
find  the  lantude  of  this  latter  place. 

By  the  A/md.  Parts.  When  the  places  have  like  names, 
(hat  is  both  north  or  both  south,  take  tbe  sum  of  (be  merid. 
parts  of  the  given  lat.  and  tbo  given  diff. ; but  take  (he 
difference  butween  the  same  when  they  have  unlike  names ; 
then  the  result,  being  found*  in  tbe  table  of  inentHtmal 
parts,  will  give  the  latitude  sought. 

By  the  L^.  Tasngerui.  Multiply  (he  given  meridional 
diff.  of  lat.  by  12*63;  then  in  the  iornscr  case  subtract 
the  product  from  the  l«>g.  tangent  of  the  given  half  colaii- 
tudo,  but  in  the  latler  ca<e  add  them ; tboii  s<ek  the  de- 
greei  tmd  minutes  aoawcring  to  the  result  among  tbe  log. 
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Ung^ti,  and  these  degrees,  dec.  doubled,  will  be  the  co- 
Utitude  sought* 

Circular  b^iLiKO,  or  Gre«/><trc/«  Saiuko,  is  the  art 
of  finding  what  places  h ship  must  go  through,  and  what 
courses  to  steer,  that  her  track  may  be  in  the  arc  of  a 
great  circle  on  the  globe,  or  nearly  so,  passing  through 
, the  place  sailed  from  and  the  place  bound  to. 

This  method  of  sailing  has  been  proposed,  because  the 
shortest  distance  between  two  places  on  the  sphere,  is  aa 
arc  of  a great  circle  intercepted  between  them,  and  not 
the  spiral  rhumb  passing  through  them,  unless  when  that 
rhumb  coincides  with  a great  circle,  which  can  only  be 
on  a meridian,  or  on  the  equator.  • 

The  solutions  of  the  cases  in  Mercator’s  sailing  are 
performed  by  plane  triangles,  but  in  great-circle  sailing 
they  are  resolved  by  means  of  spherical  triangles.  A 
great  variety  of  cast's  might  be  here  proposed,  but  those 
that  are  the  roost  useful,  and  more  commonly  occur,  per- 
tain to  the  following  problem. 

Problem  f.  Given  the  latitudes  and  longitudes  of  two 
places  on  the  earth  ; to  find  their  nearest  distance  on  the 
surface,  together  with  the  angles  of  position  from  either 
place  to  the  other. 

This  problem  comprehends  0 cases. 

Cose  I.  When  the  two  places  lie  under  ihesamc  meri- 
dian i then  ibeir  difference  of  latitude  will  give  their  dis- 
tance, and  the  position  of  one  from  the  other  will  bo  di- 
rectly north  and  south.  « 

2.  When  the  two  places  lie  under  tho  equator  ; 
their  distance  is  equal  to  their  difference  of  longitude,  and 
the  angle  of  position  is  a right  angle,  or  ihe. course  from 
one  to  the  other  is  due  east  or  west. 

Cate  S.  When  both  places  are  in  the  same  parallel  of 
latitude.  Ex.  gr.  The  places  both  in  37^  north,  but 
the  longitude  of  the  one  26*^  west,  and  of  the  other  76^ 
23'  west. 

Let  p denote  the  north  pole,  and  a and  a the  two 
places  on  the  same  pHrallel  bda,  also 
BiA^  their  distance  asunder,  or  the 
arc  of  a great  circle  passing  through 
them*  Then  is  the  angle  a or  b 
that  of  position,  and  the  angle  bpa 
= 51°  23*  the  diflt-rpnee  of  longi- 
tude, and  the  side,  pa  or  pb  = 53° 
the  colatitude. 

Draw  PI  perp.  to  ab,  or  bisect- 
ing the  angle  at  p.  1'ben  in  the  triangle  api,  right- 
angled  at  I,  aremven  the  hypolbrnuse  ap  = 53°,  and  the 
angle  APT  =23^41’  30";  to  find  the  angle  of  position  a 
or  b:s73^  51';  and  the  half  distance  aiss20*^  15'{; 
this  doubled  gives  40°  3l'  for  the  whole  distance  ab,  or 
2431  nautical  miles,  which  is  31  miles  less  than  the  dis- 
tance along  ADB,  or  by  parallel  sailing. 

Coir  4.  When  one  place  has  latitude,  and  the  other 
has  none,  oris  under  the  equator.-  For  example,  sup- 
pose tiie  Island  of  St.  Thomas,  lat.  0°,  and  long.  1°  O' 
east,  and  Port  St.  Julian,  in  lat.  48°  51*  south,  and  long. 
65°  10^  west. 

Port  St.  Julian,  lat.  48°  54'  a.  • long.  65°  10'  w. 

Isle  St.  Thomas  • 0 00  - - i 00  e. 

Julian’s  colat.  - 4l  09  Diff.  long.  66  10 

Hence,  if  s denote  the  south  pole,  a the  Isle  St.  Tho- 
mas at  the  1‘quator,  and  n St.  Julian ; then  in  the  triangle 
me  given  «a  a quadrant  or  90°,  Bs  = 41°  9'  the  colat.  of 
St  Julian,  and  the  ^ a s 66°  lO'  the  dif.  of  longitude ; 


to  find  AB  K 7*4°  55'  = 4475  miles, 
which  is  less  by  57  miles  than  th  . 
distance  found  by  Merevtur  s sailing; 
also  the  angle  of  positioa  at  a aa  51° 

2/,  and  the  angle  of  position  b = 

108°  24. 

Cate  5.  Wheii  the  two  given  places 
are  both  on  the  same  side  of  the  equa- 
tor ; for  example  the  Liaard,  and  the 
island  of  Bermudas. 

The  Litard,  lat.  49°  57'b.  - long.  5°  21' w. 

Bermudas,  32  35  K.  - - 63  32  w. 

58  11 

Here,  if  p be  the  north  pole,  L the  Lixard,  and  i Ber- 
mudas ; there  are  given, 

PL  =:  40° OS'  Colat.  of  the  Ltsard, 

PB  = 57  25  colat  of  Bermudas, 

/.p  = 56  11  diff.  of  longitude;  to 
find  BL  = 43°  44'  =2744  miles  the 
distance,  and 

4.  of  position  b = 49°  27 
4.  of  position  L = 90°  3 1'. 

Cate  6.  W'hcii  the  places  lie  on  diflferent  sides  of  the 
equator;  as  suppose  St.  Helena  and  Bermudas.  Here 

pb  as  57°  25’  polar  dist.  Bermudas, 

PH  s 105  55  polar  disuSt.  Heleni, 

^ p as  57  43  diff.  long. 

To  find  BH  = 73°  26*  = 4406  miles, 
the  distance,  also  the  angle  of  position 
H = 48°  o',  and  the  angle  of  position 
B = 121°  59'. 

From  the  solutions  of  the  for^irtg 
cases  it  appears,  that  to  sail  on  the  arc 
of  a grent  circle,  the  ship  must  conti- 
nually alter  her  course;  but  as  this  is  a difficulty  too 
great  to  be  admitted  into  the  practice  of  navigation,  it 
has  been  thought  sufficiently  exact  to  employ  a kind  of 
approximation,  that  is,  by  B method  which  nearly  ap- 
proaches to  the  sailing  on  a great  circle:  nainely,  on  this 
prirkciple,  that  in  small  arcs,  tbe  difference  between  the 
arc  and  its  chord  or  tangent  is  so  small,  that  they  may  be 
taken  for  each  other  in  any  nautical  operations : and  ac- 
cordingly it  is  supposed  that  the  great  circles  on*tbe  earth 
arc  made  up  of  short  right  lines,  each  of  which  is  a s<^- 
ment  of  a rhumb  line.  On  this  suppovtion  tbe  solution 
of  the  following  problem  is  deduced. 

Problem  II.  Having  given  the  latitudes  and  longitudes 
of  the  places  sailed  from  and  bound  to ; to  find  the' suc- 
cessive latitudes  on  the  arc  of  a great  circle  in  those 
places  where  the  alteration  in  longitude  shall  be  a given 
quantity ; together  with  the  courses  and  distances  between 
those  places. 

1.  Find  tbe  angle  of  portion  at  each*  place,  and  their 
distance,  by  one  of  the  preceding  cBscs. 

2.  Find  tbe  greatest  latitude  the  great  circle  runs 
through,  I.  e.  find  the  perpendicular  from  the  pole  to  that 
circle;  and  also  find  tbe  several  angles  at  the  pole,  made 
by  the  given  alterations  oflongitude  between  this  perpen- 
dicular and  tbe  successive  meridians  come  to. 

3.  With  this  perpendicular  and  tbe  polar  angles  seve- 
rally, find  as  many  corresponding  latitudes,  by  saying,  as 
radius  : tang,  greatest  lat. : : cos.  1st  polar  angle  : tang. 
1st  lat.  : : cos.  2d  polar  angle  : tang,  of  2d  lat.  Ac. 

4.  Having  now  the  aeveral latitudes  passed  through, and 
ihc  difierence  of  kmgitade  between  eacb»  then  by  Merca- 
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tor’t  SAiling  find  thecouna  and  dhtancn  beiwttn  (ho«n 
iatitudm.  And  these  are  the  several  courses  anti  distances 
the  ship  rousl  run,  to  keep  nearly  on  the  arc  of  a great 
circle.  « 

The  smaller  the  alterations  in  longitude  are  taken,  the 
oean-r  aril]  this  method  approach  to  the  truth;  but  it  is 
tuflicient  to  compute  to  every  5 dcgioes  of  diA'erence  of 
longitude;  as  the  U-ngth  of  an  arc  of  5 degrees  ditfers 
from  its  chord,  tangent,  only  by  0 00‘2. 

Tr^  track  of  a ship,  when  thus  diriTietl  nearly  in  the 
arc  of  a greot  circle,  may  bo  delincui<d  on  the  Merca- 
tor’s  chart,  by  marking  on  it,  by  mrans  <»f  the  latitudes 
and  longitudes,  the  successive  places  where  the  ship  it  to 
alter  her  course;  then  tboec  places  or  points,  being  joirH'd 
by  right  lines,  will  show  the  path  along  v>  hicK  the  ship  is 
to  sail,  untlar  the  proposed  circumsliuices.^t  *ri  the  sub- 
ject of  these  articles,  Robertson’s  Klements  of  Navi- 
gation, voi.  3. 

S^wdicat  Sailifo,  it  computit^  the  cast's  of  navi- 
gation on  the  suppoaitiun  or  principles  of  the  npberoidical 
hgurc  of  the  cartb.  See  Robertson's  Navigation,  voi. 
b.S.  sect. 

sidling,  in  a etore  amjStud  sense,  is  the  art  of  conduct- 
ing a ship  from  place  to  place,  by  the  working  or  handling 
of  ber  sails  and  rudder.— ~'{‘o  bring  »ailing  to  certain  rules, 

M.  Kenau  computes  the  force  <»f  the  wnier,  against  the 
ship's  rudder,  stem,  and  side;  and  the.  force  of  the  wind 
against  her  tails.  In  order  to  lhi%  be  6rst  considers  all 
fluid  bodies,  such  a«  (he  air,  water,  &c,  to  be  composed 
of  little  particles,  which  when  they  art  upon  any  surface, 
all  move  parallel  to  one  another,  or  stiike  against  the 
surface  after  the  same  manner.  Secondly,  th.'U  the  mo- 
tion of  any  body,  with  regard  to  the  suriare  it  tlrikest 
must  be  cither  perpendicular,  parallel,  or  oblii]ue.  From 
these  principles  be  Computes,  that  the  force  of  the  air  or 
wrater,  striking  pt^rpendicularly  upon  a sail  or  rudder,  is 
Co  the  focce  of  the  tame  striking  obliquely,  in  ttve  dupli- 
cate ratio  of  radius  to  the  tine  of  the  angle  of  incidence : 
and  consequently  that  all  oblique  fi»rcet  of  the  wind 
against  the  sails,  or  of  ibe. water  against  the  rudder,  will 
be  to  each  other  in  the  duplicate  ratio  of  the  sines  of  the 
angles  of  incidenct'.— Such  are  the  conclusions  from 
theory  ; but  it  is  very  different  in  real  practice,  or  expe- 
riments, as  appears  from  the  tables  inserted  in  the  article 
R&9IHTA9CS. 

Further,  when  the  different  degrees  of  velocity  are  con- 
sidered, It  is  also  found  that  the  forces  are  as  the  squares 
of  the  velocities  of  the  moving  air  or  water  nearly;  that 
is,  a wind  that  blows  twice  u swift,  as  another,  will  act. 
with  4 limes  the  force  upon  the  sail ; and  when  3 times  as 
swift,  9 times  the  force,  6tc.  And  it  being  also  indiffe- 
rent, whether  we  consider  the  mocinu  of  a solid  in  a 
fluid  at  rest,  or  of  the  fluid  against  the  solid  at  rest ; 
therefore,  the  reciprocal  impressions  being  always  the 
same,  if  a solid  ^ moved  with  diff’erent  velocities  in 
the  same  fluid  matter,  as  water,  the  different  resistances 
which  it  will  receive  from  that  water,  will  be  in  the 
same  proportion  as  the  squares  of  the  velocities  of  the 
moving  body. 

He  then  applies  these  principles  to  the  motions  of  a 
ship,  both  forwards  and  sideways,  through  tba  water, 
when  the  wind,  with  certain  velocities»  strikes  the  sails  in 
various  positionv.  After  which,,  the  author  proceeds  to 
demonatmte,  that  the  best  position  or  situation  of  a ship, 
so  that  she  may  make  the  least  fee-way,  or  side  motion, 
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but  go  to  windward  as  much  ua  pos«ib{c,  is  this:  (haf, 
let  the  sail  have  what  situation  it  will,  the  >hip  must  be 
always  in  a line  bisecting  the  Complement  of  tbv  wiml's 
angle  of  incidence  on  the  sail.  'I  hat 
is,  vuppoving  the  sail  in  the  position 
BC,  and  the  wind  blowing  fnrm  a 
to  B,  and  coiiM'quontly  the  angle  of 
the  wind’s  inciiienco  on  the  sail  is 
ABC,  the  complement  of  which  is 
CBc:  then  must  the  ship  bo  pur  in 
the  position  bk,  or  move  in  the  line  - 
Bl.,  bisecting  the  Z.CBB. 

H(*  nlipwft  further,  that  the  angle  which  the  sail  ought 
to  make  with  the  wind,  i,  v.  the  angle  abc,  ou^bt  to  be 
but  34  degrtH's;  that  b<*ing  the  most  advantageous  situa- 
tion fur  uorfcing  to-wiuHward. 

To  this  might  be  added  many  curious  particulars  from 
Borelli  dt*  Vi  PiTCUssionis,  concerning  the  different  direc- 
tions given  to  a vessel  by  ibe  rudder,  wben  sailing  with  a 
wind,  or  floating  wiibuui  sails  in  a current : in  the  fumer 
case,  the  bead  of  the  ship  always  coming  to  the  mddter, 
and  in  the  latter  always  flying  off  from  it;  asalsufWm 
Kulcr,  Dougucr,  nnd  Juan,  who  have  all  written  learnedly 
on  this  subject. 

SALl.‘\Nr,  in  Forliflcatinn.  is  said  of  an  nngie  that 
projects  its  point  outwards;  in  oppovitioii  (u  a rventer- 
ing  angle,  which  has  its  point  tur^  inwards.  Instances 
of  both  kinds  of  these  occur  in  tenailles  and  alar-works. 

Salon,  <>r  Saioon,  id  Architecture,  a gfand,  Wfty, 
spacious  kind  of  hall,  vauliad  at  tup,  ami  usually  coin- 
prebewding  two  stories,  with  two  ranges  of  windows : and 
ID^  be  either  square,  round,  oval,  or  octa^nal. 

SAP,  or  Sapp,  in  Baildiog,  as  to  sap  a wall,  &c,  is  to 
dig  out  tbr  ground  from  beneath  it,  so  as  to  bring  it 
down  all  at  oncp  for  want  of  support 

Sap,  in  the  .Military  Art,  dviK>tea  a work  carried  on 
under  cover  uf  gabsms  and  fascines  on  the  flaak,  and 
mantlets  or  »tufled  gabions  on  the  front,  to  nia  the 
descent  of  a ditch,  or  the  like.  It  is  performefl  by  dig- 
ging a deep  trench,  dcvcending  by  steps  from  top  to  tot- 
torn,  under  a corridor,  carrying  it  as  far  as  the  bottom  of 
the  ditch,  wben  that  is  dry;  or  as  fisr  as  the  surface  uf 
the  water,  when  wel. 

SAROS,  in  Chronology,  a period  of  223  lunar  months. 
The  etymology  of  the  word  is  smd  to  be  Chaldean,  signi- 
fying restitution,  or  return  of  eclipse* ; that  is,  conjunc- 
tiuDS  of  the  son  and  moon  in  nearly  the  same  place  of 
the  ecliptic.  'I^e  Saros  was  a cycle  like  to  that  of 
Meto. 

SARRASiN,  or  SAamAXiK,  in  Fortification,  a kind  of 
portcullis,  otherwise  called  a berse,  which  it  hung  with 
ropes  over  the  gate  of  a town  or  furtress,  to  be  let  Call 
in  case  of  a surprise. 

SA'rtLLITtS,  in  Astronomy,  are  certain  secondary 
planets,  moving  round  the  i»ther  planets,  as  the  moon  docs 
round  the  earth.  'Fbey  ere  so  called  because  nlways 
found  attending  them,  from  rising  to  setting,  and  making 
the  tour  about  the  tun  together  with  them.  The  words 
ro4M>a  and  sateliile  are  sometimes  u»od  indiflerently  : thus 
we  say,  either  Jupiter’s  moons,  or  Jupiter’s  saiellius; 
but  usually  we  revtrain  the  term  moon  to  the  earths, 
attendant,  and  apply  that  of  *atrllitc  to  the  little 
moons  discovered  about  Jupiter,  Saturn,  and  Uranus,  by 
the  assistance  of  the  telescope^  which  is  occemary  to  reiv— 
der  theiB  vitibfe. 
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Thf  latfllilesmovc  about  ibcir  pTiir.ar}*|tbiM'lK,as  a crn- 
Irc,  by  the  »anic*)aMs  «t»  thuM?  |<rimary  urn  s tJto  ruunil  tWir 
centre  tho  !iun  ; viii,  in  »ljch  n maniuT  thni,  in  the  Mtcl- 
litos  of  ibe  Mime  )ildnet»  the  iu|UBrt^  of  the  periodic  tinker 
tre  proportional  to  the  cubes  of  their  clistanres  from  ibc 
primary  planet.  For  the  physical  cause  of  their  motions, 
Kc Gravity.  Sec  also  Flax kt». 

We  know  not  of  any  satellites  betides  (bote  abos'e 
tncnlioned;  what  other  discoveries  may  be  made  by  fur' 
thcr  improvements  in  telcsco]M's,  time  only  can  bring  to 
light. 

Satellites  qf  Jupiter.  There  are  4 little  moons,  or 
•atcliiics  now  known  to  {icrforro  their  evolutioRt  about 
Jupiter,  at  that  planet  does  about  the  sun. 

Simon  Marius,  inutheinatician  of  the  elector  of  Bran* 
denburg,  about  tbe  end  of  Nov'rmber  l609»  ia  said  to 
have  observed  three  little  tlart  muvii^  round  Jupiter’s 
body,  and  proceeding  along  with  him ; and  in  January 
1610,  be  found  a 4ih.  In  January  1^10  Galileo  also  oIh 
aenred  the  same  in  Italy,  and  in  the  same  year  published 
bis  obKTvations.  And  indeed  Montoclagivc*  ibe  honour 
of  the  first  discovery  entirely  to  Galileo.  These  satellites 
were  also  observed  in  Uio  Mime  month  of  January  1710, 
by  Thomas  Harriot,  the  colebrated  author  of  a work  on 
algebra,  and  who  made  constant  observations  of  them, 
from  that  time  till  the  26th  of  February  l6l2;  as  ap> 
pears  by  his  curious  astronomical  pnpe.rs,  lately  discover- 
ed by  iJr.  Zach,  nt  the  seal  of  ilie  carl  of  K^remont,  at 
Petwortb.ip  Sussex. 

When  Jupiter  is  in  a line  with  any  of  his  satellites  and 
the  sun,  the  satellite  disappears,  being  Uicn  eclipsed,  or 
involved  in  his  shadow. — When  tlie  satellite  guc^s  bchttMl 
ibc  body  of  Jupiter,  with  roped  to  an  observer  on  the 
earth,  it  is  then  said  to  be  occulted,  being  hid  from  our 
sight  by  his  body,  whether  in  his  shadow  or  not. <— And 
when  the  satellite  comes  into  a position  between  Jupiter 
and  the  sun,  it  casts  a shadow  upon  liic  face  of  that 
planet,  which  we  sec  as  an  obscure  round  spot.— Lastly, 
when  the  saicUile  is  in  a line  between  Jupiter  and  us,  it 
IS  snid  to  transit  the  disc  of  the  planet,  upon  which  it 
appears  as  a round  black  spot. 

'Fhe  peiiods  or  revolutions  of  Jupiter’s  satellite*,  are 
found  out  from  their  conjunctiuin  with  that  planet ; after 
the  same  nianiKT,  us  those  of  the  primary  planets  are 
dUcovered  from  their  oppodtious  to  the  sun.  And  their 
distances  from  the  b^Hly  of  Jupiter  are  measured  by  a 
inicrumeivr,  and  <ii(iiDai04l  in  scmidiametrrs  of  tbut  planet, 
and  thence  in  miles.  By  the  lalt'St  and  most  exact  ob- 
servatioiiM,  the  periodical  times  and  disUinces  of  thne  sa- 
tellites, and  the  angU'S  under  which  their  orbits  arc  seen 
from  the  earth,  at  lU  mean  distance  from  Jupiter,  arc  as 
below  : 
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The  eclipses  of  the  satellites,  especially  of  those  of  Ju- 
piter, are  of  very  great  use  in  asIroDoiny.  First,  in  deicr- 
mining  pretty  exactly  the  distance  01  Jupiter  from  the 


earth.  A second  advantage  still  more  considerable,  which 
is  drawn  from  these  eclipves,  is  the  proof  which  they  give 
uf  the  progressive  motion  of  light.  It  is  demotwtniled  by 
these  eclipses,  that  light  does  not  come  to  us  in  an  iiistanr, 
as  the  Cartesians  pretended,  though  its  motion  is  extreme- 
ly rapid.  For  if  the  motion  of  light  were  infinite,  or  came 
to  us  in  an  instant,  it  is  evident  that  we  should  see  (he 
commencement  of  an  ecli{)s«  of  a satellite  at  the  same 
moment,  ut  whatever  distance  we  might  be  from  it ; but, 
on  the  contrar)',  if  {ighl  move  progressively,  then  it  is  as 
evident,  that  the  farther  we  arc  from  a planet,  the  later  wc 
shall  be  in  seeing  the  moment  ol'  its  eclipse,  because  the 
light  will 'take  up  a longer  lime  in  arriving  at  us;  and  ao 
it  is  found  in  fact  to  happen,  the  eclipses  of  tbeivc  satellites 
appearing  always  later  and  later  than  tbe  true  computed 
times,  as  the  earth  rernovrs  farther  and  farther  from  the 
planet.  When  Jupiter  iind  the  e^rth  are  nearest  to  each 
other ; that  is,  when  they  arc  in  conjunction  on  the  same 
side  of  (he  sun  ; then  the  eclipses  arc  obaerved  to  happen 
about  7y  ninuies  t^fore  the  computed  time  for  the  mean 
distance ; and  when  those  two  planets  areat  their  greatest 
distance,  being  then  in  opposition,  the  eclipses  happon 
about  7i  minutes  aBer  the  time  nn^dicted  by  calculation. 
Now  the  ditTcrence  between  the  least  and  greatest  distance 
being  equal  to  the  diameter  of  the  earth's  orbit,  it  therefore 
follows  that  light  takes  up  a quarter  of  an  hour  in  travel- 
ling acro»  the  orbit  uf  the  earth,  or  neat  8 minutes  in 
passing  from  the  sun  to  (he  earth  ; which  gives  about  IS 
millions  of  miles  per  minute,  or  200,000  miles  per  second, 
fur  the  velocity  of  light.  A discovery  that  was  first  made 
by  M.  Rormer. 

Tbe  third  and  greatest  advantage. derived  from  the 
eclipses  uf  Jupiter's  satellites,  (and  which  was  hintefi  at  by 
Galilcu  on  the  first  discovery  of  them,)  is  (be  knowledge 
of  the  longitudes  of  places  on  the  earth.  Suppose  two  ob- 
servers of  an  eclipse,  the  one,  for  example,  at  Ltmdon,  the 
other  at  the  Canaries;  it  is  certain  that  (he  eclipse  will 
ap|K'ar  at  tbesamc  moment  to  both  observers;  but  as  they 
are  situated  under  difierentmeridiana,  they  count  different 
hours,  being  perhaps  & o’clock  to  the  one,  when  it  is  only 
8 to  the  other;  by  which  obscrvalions  of  the  true  lim<‘  ^ 
the  eclipse,  on  communication,  they  find  (be  difi^rence  of 
(heir  longitude  to  be  one  hour  in  time,  which  answers  to 
15  degrees  of  longitude. 

To  the  aimvc  wc  may  also  add,  that  this  discovery  had 
a very  considerable  inrtuencr  in  eradicating  (he  errors  of 
ibe  ancient  astronomers,  and  consequently  in  firmly  esta- 
blisliing  the  Copemican  system  ; as  a supporter  of  which, 
the  venerable  discoverer,  (iaiileo,  was,  at  this  time,  smart- 
ing under  thoreccilU  ctionof  the  condemnation  which  had 
bwn  passed  upon  him,  by  that  most  detestable  of  all  ty- 
rannies, the  Inquisition. 

SATBi.LiTaa<2f  Sa/am,  are  7in  number  revolving  about 
him.  One  of  them,  which  (ill  latHy  was  nckoned  tbe  4th 
in  order  from  Saturn,  was  discovered  by  Huygene,  th« 
25(h  of  March  1655,  b)'  means  of  a telescope  12  fret  Umg:, 
and  tbe  1st,  2d,  3d,  and  5th,  at  different  times,  by  Cae* 
sini;  via,  the  5(li  in  f)ct«»ber  lt>7l,  by  a teU*scopc  uf  17 
feet  ; the  3d  in  December  l6'72,  by  a telescope  of  Cam- 
paiii’s,  35  feet  long;  and  the  first  and  second  in  March 
1684,  by  help  of  Cumpani's  Gla«s<'s,  of  100  and  136  feet. 
Firally,  the  6th  and  7th  satelliti's  have  lately  been  disco- 
vered by  Dr.  Hernchcl,  with  his  40  feet  refleclii^  telescope, 
via,  the  6th  on  the  l.Oth  of  August  1787>  and  (he  7th  on 
the  J7tU  of  beptember  1788*  Thcee  two  be  has  called 
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the  6th  find  rth  Micllitci,  though  they  arc  nearer,  to  the 
planet  Saturn  than  any  of  the  former  tire,  that  tho  numet 
or  Humbert  of  these  might  not  be  mistaken  or  confounded, 
with  r^ard  to  former  observations  of  them. 

Moreover,  the  gn^at  distance  between  the  4lh  and  dtb 
satellite  gave  occasion  to  Huygens  to  suspect  that  (here 
might  be  tome  intermediate  one,  or  else  that  the  ith  might 
have  some  other  satellite  moving  round  it,  as  its  ceiurc. 
Dr.  Halley,  in  the  Philos.  Trans.  (No.  145,)  gives  a cor> 
rection  oi  the  theory  of  the  motions  of  the  4th  or  Huygc> 
nian  satellite.  Its  true  (MMiod  be  makes  1 Id  22h  41m  6s. 

The  periodical  revolutions,  and  distances  of  these  satcU 
lilts  from  the  body  of  Saturn,  expressed  in  scmidiamelers 
of  that  planet,  and  in  miles,  are  as  follow. 

S.VTELLITE8  n/*SATURjr. 
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The  hrsi  four  describe  ellipses  like  to  those  of  the  ring, 
and  arx'  in  the  same  plane.  Their  inclination  to  the  eclip« 
lie  is  from  30  to  31  degrees.  The  5th  describes  an  orbit 
inclined  from  17  to  18  degrees  with  the  orbit  of  Saturn  ; 
his  plane  lying  between  the  ecliptic  and  those  of  the  other 
satellites,  &c.  Dr.  Herscliel  observes  (bat  the  5th  satcl* 
lite  turns  once  round  its  axis  exactly  in  the  time  in  which 
it  revolves  about  the  planet  Saturn;  in  which  respect  it 
resembles  our  moon,  which  does  the  same  thing.  .And  he 
makes  the  angle  of  its  distance  from  Saturn,  at  bis  mean 
distance.  \V  i'*.  Philos. Trans.  1792,  pa. 22.  Scealong 
acaount  of  observations  of  these  satellites,  with  tables  of 
their  mean  motions,  by  Dr.  Herscbel,  Philos.Trans.  1790, 
|ia.  427  dec. 

Satellites  tff  or  tramtf,  arc  6 little  moons 

that  revolve  about  him,  like  those  of  Jupiter  and'Saturn. 
These  satellites  were  discovered  by  Dr.  HerscbrI,  who 
gave  an  account  of  tliem  in  (ha  Philos.  Trans,  from  which 
it  appears  that  their  synodical  periods,  niid  angular  dis* 
lances  from  their  primary,  are  as  follow  : ^ 
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The  orbits  of  these  satellites  are  nearly*  perpendicufar  to 
the  ecliptic,  and  contrary  to  the  order  of  the  signs.  In 
magnitude  they  are  probably  not  less  than  those  of  Jupi- 
ter. 

Satf.llitko/  Femu.  Cassini  thought  he  saw  ooe,  and 
Mr.  Short  and  other  astronomers  have  suspected  the  same 
thing.  (Hist  dc  I’Acad.  1741,  Pbilot.  Traaa.  No.  459<) 
But  the  many  fruitless  Karches  that  have  been  since  made 
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to  discover  it,  leave  roonj  to  suspect  that  it  has  bien  only 
an  optical  illuvion,  formed  by  lh«  glasses  of  relneop«'S  ; ■« 
app<^  to  be  the  opinion  of  F.  Hell,  at  the  emi  of  bis' 
KphciiuTis  for  1766.  Iir.d  Boscovich,  in  his  5lh  Optioal 
l)ivKrtation.«~-.\either  ha»  it  been  divcovt  red  that  niber 
of  the  other  planets  have  any  satellites  revolving  about 
(hem.  It  is  remarkable  that  our  mood,  and  some  of  the 
other  satellites,  as  tar  as  they  have  been  observed,  lM*ep 
always  the  same  face  or  side  towards  their  respeettve  pri- 
maries ; around  which  they  appear  to  be  moved  as  a stone 
is  whirletl  round  in  a sling.  . 

SATURDA\  , the  7ih  or  last  day  of  the  week,  so  called, 
as  supposed,  from  the  idol  Sealer,  worshipped  on  this  day 
by  (he  ancient  Saxons,  and  thought  to  be  the  same  as  the 
Saturn  of  the  t.al4ns.  In  astronomy,  every  clay  of  the 
week  is  denoted  by  some  one  of  (he  piuncls,  and  this  day 
is  marked  with  the  planet  ^ Saturn.  Saturday  answers 
to  the  Jewish  sabbath. 

SATURN,  one  of  the  primary  planets,  living  the  10th 
in  order  of  distance  from  tho  sun,  and  the  otitcrmou  of 
ail,  e.xcept  (he  planet  Hcnchcl,  is  marked  whh  the  dbu- 
racier  ^ , denoting  an  old  man  supporting  himself  with  a 
stotT,  representing  the  ancient  god  Saturn. 

Saturn  shines  with  but  a feeble  light,  partly  on  account 
of  his  groat  distance,  and  partly  from  hb  dull  red  colour. 
This  planet  is  perhaps  one  of  the  most  engaging  objects 
that  astronomy  oSers  to  our  view ; it  is  surrounded  with 
a double  ring,  one  without  the  other,  and  licyoiid  these  by 
7 satellites,  most  of  them  in  the  plane  of  the  rings ; the 
rings  and  planets  being  ail  dark  and  drnK  bodies,  like 
Saturn  himself,  these  bodies  casting  their  shadows  mu- 
tually upon  each  other;  though  (he  reflected  light  of  the 
rings  is  usually  brighter  than  (bat  of  the  planet  itM-lf. 

Saturn  has  aUo  certain  obscure  zones,  nr  belts,  appear- 
ing ut  times  acmsA  his  disc,  like  those  of  Jupiter^  which 
arc  changeable,  and  arc  probably  obscurations  in  his  at- 
mosphere. Dr.  Herschel, Philos. Trans.  1790,  shows  that 
Saturn  hoi  a dense  atmosphere;  that  he  revolves  about 
an  axis,  which  is  perpendicnlar  to  the  plane  of  the  rings ; 
that  his  figure  is,  like  (Re  other  planets,  the  oblate  sphe- 
roid, bt'ing  flatted  at  the  {Miles,  the  polar  diameter  being  to 
the  equatorial  one  as  10  to  J1 ; that  his  ring  hds  a motion 
of  roUlton  in  its  own  plane,  its  axis  of  motion  being  the 
same  MS  that  of  Saturn  himself,  and  its  periodical  lime 
equal  to  fOh  32m  15i*4.  See  also  Riiio,and  SATCtLtTB. 

Concerning  the  discovery  of  the  ring  and  figure  of  Sa- 
turn, we  find  that  Galileo  first  perceived  that  his  figure  ■ 
is  not  round:  but  Huygens  showed,  in  bis  Syslema  Sa- 
(urniana  l659(  that  this  was  owing  to  (he  positions  of  bis 
ring  ;*for  his  spheroidical  form  could  only  be  seen  by 
HerschtPs  telescope  ; though  indeed  Cassini,  in  an  obser- 
vation made  June  19,  l6f^J,  saw  the  oval  figure  uf  Sa- 
turn’s shadow  upon  his  ring. 

Mr.  Bugge determines  (Philos. Trans.  1787,  pa.  42)the 
heliocentric  longitude  of  Saturn's  descending  n<Kle  to  be 
9*  21^  5'  8'4  : and  that  tho  planet  was  in  (hat  node  Au- 
gus(21,  17S4,  at  20"  10*  time, at  Co{>«nhagrn. 

The  annual  fVeriod  of  Saturn  about  the  sun,  is  10759 
days  7 hours,  or  almost  30  years;  and  his  diameter  is 
about  67000  miles,  or  near  8^  times  the  diameter  of  the 
earth ; also  his  distance  is  about  9r  rimes  that  of  (he  earth. 
Hcncc  some  have  concluded  that  his  light  and  beat  arc 
entirely  unfit  for  rational  inhabitants.  Rut  that  their  light 
is  not  so  weak  as  we  imamne,  is  evident  from  iU  bright 
ness  in  the  night-um^  Oi'sides,  allowing  the  sun’s  light 
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to  br  AiOOO  times  as  strong!*  with  respect  to  os,  ts  the  light 
of  (he  nuH>n  whi-n  Tull,  (be  sun  will  all'ord  500  liims  as 
ntach  light  K»  Saturn  h»  the  full  moondnesto  iw,siMfl600 
tlinrs  m much  to  Jupiter.  So  that  these  two  planets, 
•\t>n  wiibuus  any  nic^on,  would >be  much  more  enlightened 
than  we  at  6i^t  imagine ; mul  by  havmg  so  many,  they 
may  be  very  comturiable  places  of  residence.  1 lieir  heal, 
%o  tar  as  it  depends  ou  tbi'  force  of  the  sun's  rays,  is  cer- 
tainly much  less  than  ouis  ; tu  which  no  doubt  the  bodies 
of  ibt  ir  inhabitants  art-  as  well  adapted  as  ours  arc  to  the 
sfusods  wc  enjoy.  And  if  ft  be  considernl  that  Jupiter 
never  has  any  wmK‘r,  even  at  hU  |mles,  which  probably  is 
aUo  the  case  with  Saturn,  the  cold  cannot  be  so  intcnsi*  on 
these  two  planets  as  is  geperaily  imagined.  'I’o  this  may 
• be  added,  iluit  there  may  U*  s<irortbing  in  the  nalurv  of 
their  soil  wanner  tliun  in  that  nf  our  earth  ; and  wc  tind 
that  all  our  heat  dues  not  depcml  on  the  rays  of  the  sun  ; 
for  if  it  did,  wc  should  always  hare  the  san>e  iiiomhs 
equally  hot  or  erdd  at  their  annual  return,  which  is  very 
fiu*  from  being  the  case. 

Sec  (he  articles  Planet,  PcatoD,  Ring,  Satellite. 

SAUClSbE,  in  Artillery,  a long  train  of  powder  in- 
closed in  a roll  or  pipe  of  pitched  cloth,  and  sometimes  of 
feather,  about  2 ioebes  in  diameter  ; serving  to  set  hre  to 
mines  or  caissona.  ll  is  usually  placed  in  a wooden  pipe, 
called  an  auget,  to  j^rent  its  growing  damp. 

SavcisaoN,  in  Fortificatiun,  a kind  of  faggot,  mado  of 
thick  branches  of  trees,  or  of  the  trunks  of  i^rubs,  bound 
bother,  for  the  purpose  of  covering  the  men,  and  to  serve 
as  epaulrmetits  ; and  also  to  repair  breaches,  stop  passagi*s, 
make  travervaover  awet  ditch,  Ac.  The  saucisson  difk;rs 
from  the  fascine,  which  is  only  made  of  small  branches; 
and  by  its  being  bound  at  both  ends,  and  in  the  middle. 

SAVILLK  ('<ir  Henry),  a very  learned  Englishman, 
the  second  son  of  Henry  Savil)o,e»<|.  was  born  at  Bradley, 
near  tfaUfax,  in  Yorkshire,  November  the  50th,  1549. 
lie  was  entered  of  Merton-coilege,  Oxford,  in  1361,  where 
he  took  the  degree  b.  a.,  and  wus  chosen  fellow.  He 
became  master  of  arts  in  1570,  having  read  fur  that  de- 
gree on  the  Almagest  of  Ptolemy,  which  procunxi  him  the 
repataliun  ofa  man  eminently  skilled  in  mathematics  and 
the  Greek'  language;  in  the  former  of  which  he  gratui- 
tously read  a public  lecture  in  ibc  university  for  some 
ttBse. 

In  1578  be  travelled  into  France  uml  other  countries  ; 

* where,  diligently  improving  himself  in  ail  useful  learning, 

* m languages,  ami  the  knowledge  of  the  world,  he  became 
a must  accomplished  gentleman.  At  Im  return,  he  was 

. made  tutor  in  the  (irvek  tongue  to  queen  Elizabeth^  who 
had  a great  cslnmi  for  him. 

In  1585  he  was  made  warden  of  Merton-coilege,  which 
he  governed  six-ancUthirty  years  with  great  honour,  and 
’improved  it  by  all  the  means  in  his  power. — In  15p6  he 
was  cboses  provost  of  F.ion-coilege ; which  he  filled  with 
many  learttetf  men. — James  the  First,  on  his  accession  to 
the  crown  of  England,  expressed  a S^rat  regard  for  him, 
and  would  have  preferred  him  either  in  church  or  stale  ; 
but  Saviile  declim'd  thi'so  olTers,  and  onfy  accepted  the 
ceremony  of  knighthood  from  the  king  at  \Vindxor  in  l(k>4. 
His  only  son  Henry  dying  about  (hat  time,  h<-  thenceforth 
devoted  bis  fortune  to  the  promoting  of  learning.  Among 
other  thinga.  in  1019,  he  founded,  in  the  university  of  Ox- 
Surd,  two  ketures,  or  professorships,  one  in  geometry, 
Uie  oUkt  in  astronomy;  which  he  .endowed  with  a salary 
•f  l6ol.  a year  each,  besides  a legacy  of  600l.  to  purchase 


more  lands  for  the  same  use.  He  also  funiisbcd  afibraiy 
with  malbematical  bonks  oear  the  maihematKal  school, 
for  (he  usa  of  bis  prolesoocs ; and  gav'e  lOlM.  to  (be  ma* 
(heniatical  chest  of  bis  own  appomliag : addiu^afterwardu 
a legacy  nf  40L  a year  lo  the  same  chest,  to  tkc  univer- 
sity, arid  to  his  prufi.'SMirs  jointly.  He  likewise  gave  1901. 
towards  the  new  building  of  the  schools  besides  scvcfal 
rare  UMauscripts  and  punted  books  to  ike  Bodleian  libra- 
ry; and  a good  quantity  of  Gn‘c4  types  to  the  printiug- 
press  at  Oxford. 

After  a life  thus  spent  in  the  encouragement  and  pro* 
nsoisoH  of  science  and  literature  in  grnvrul,  ke  du'd  at 
Eton-cuUege  (lie  19tb  of  February  I6l22,  in  (bc75d  year 
of  bis  age,  and  was  buried  in  the  cbapeFtKerc.  Ua'lbis 
occasion,  the  university  of  Oxford  paid  him  the  greatest 
honours,  by  having  a public  oration  and  verses  made  in 
hts  praise,  which  were  published  soon  after  io  4to,  under 
the  title  of  Ultima  Linea  Saviiii. 

As  to  the  character  of  Savilic,  the  highest  encomiums 
axe  bestowed  on  him  by  all  the  learneil  of  his  time : by 
Casaubon,  Mtreerus.  Mcibomius,  Joseph  Sculiger,  and 
especially  the  learned  bishop  Montague;  whu,  in  his 
Diutribce  upon  Seldcn's  History  of  Tyiiies,  styles  Kim, 
**  that  maguaiuc  of  learning,  whose  memory  shall  bir  ho- 
nourable amongst  nut  only  the  learned,  but  (he  righteous 
for  ever." 

Several  noble  instances  of  his  munificence  (o  the  repub- 
lic of  letters  have  alrvudy  been  mentioned  ; in  the  account 
of  Ills  publications  many  more,  and  even  greater,  will  ap- 
pear. These  are, 

1.  Four  Books  of  the  Histories  ofComclius Tacitus,  and 
the  Life  of  Agricola;  with  Notes  upon  ihcoi,  in  folio,  de- 
dicated tu  Qutx  n Elixabeth,  1581. 

2.  A View  of  certain  Military  Matters,  or  Comroenta- 
.rics  cottcurning  Komun  Warfare,  1598. 

5.  Rcrum  Ai^ltcarum  Scriplotes  post  Bcdaro,  Ac. 
1596.  Thie  is  a collection  of  the  Imt  writers  of  uur 
English  history;  to  which  he  added  chronological  ta- 
bles at  the  end,  from  Jaiius  Cssar  to  William  ihe  Con- 
queror. 

4.  The  Works  of  St.  Chrysostom,  in  Greek,  in  8 voki« 
fulio,  l6l3.  This  is  a very  fine  edition,  and  composed 
with  great  emt  and  lahuar.  In  the  preldce  ke  says,  *'  that 
having  himself  visited,  about  12  years  before,  all  tl>e  public 
and  private  libraries  in  Britain,  and  copied  out  thence 
whatever  he  thought  juseful  to  this  design,  he  then  sent 
some  learnei^  men  into  France,  Germany,  Italy,  and  Ihe 
Fast,  to  transcribe  such  ports  as  he  had  not  already,  and 
to  collate  the  q^hers  with  the  bi*st  manuscripts."  ’ At  the 
same  lime,  be  makes  his  acknoaledgMients  to  several 
eminent  men  for  their  assi'.lance;  as  Thuanus,  Vetserus, 
Schoitus,  Casaubon,  Ducxua,  Gruier,  Hfiescbeliui, 
Ac.  In  the  8th  volume  arc  inserted  Sir  Henry  Savilie's 
own  notes,  with  those  of  other  learned  men.  The 
whole  chaq^  of  this  edition,  iocludiiig  the  Siwenil  sums 
paid  to  learned  men,  at  home  and  abruarl,  employed  in 
finding  out,  transcribing,  and  collating  the  best  manu- 
scripts, is  said  tq  have  amounted  to  no  less  than  8OOOI. 
A Mill  more  sumptuous  and  vulumiuuus  edition  was  after- 
words printed  at  Paris,  in  13  lolio  volumes,  by  the  Bene- 
dictines and  the  Icartu'd  .Monlfaucun,  ;hc  1st  vol.  in  1718, 
and  the  lo'.t  ib  1738. 

5.  In  I6IB  hr  published  a Latin  work,  written  by 
Thomas  Bredwardin,  abp.  of  Canterbury,,  against  Pela- 
gius»  iiUitlrd,  De  Causa  Dei  coeira  Ptlagium,  ct  de  vir- 
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tuM  cAunruo  ; to  w!itch  he  prefixed  the  life  of  Brad- 
nardin. 

b'.  In  1$21  ht  pobli&hed  a coHcction  of  bis  own  Matbe> 
roatical  Lectures  un  Euclid's  Elements;  in  4to. 

7.  Oratio  coram  Elixabctba  Regina  Oxontx  habita,  an* 
DO  15JIC.  Printed  at  Oxford  in  l65S,  hi  4bj. 

8*  Me  translated  into  Latin  king  James’s. Apology  for 
the  Oath  of  Allegiance.  He  also  left  several  manuscripts 
behind  him,  written  by  order  of  king  James;  all  which 
9rc  in  the  Bodleian  library.  Me  wiote  notes  also  on  the 
margin  of  many  books  in  his  library,  particularly  Euse* 
biuss  Ecclesiastical  History  ; which  were  afterwards  used 
by  Valesiusj  in  his  edition  of  that  work  in  16*55)-— Eourof 
bis  letters  to  Camden  arc  published  by  Sniilb,  aroung 
Cnmdcns  Lellers,  4to. 

Sir  Henry  Saville  had  a younger  brother,  Thomas 
Saville,  who  WHS  admitted  probationer  fellow  of  Mer- 
ton<ollege,  O.xford,  in  1580,  He  afterward#  travelled 
abroad  into  several  countries.  On  his  rrtum  he  was 
chosen  fellow  of  Eion-collcgr ; but  he  died  at  London  in 
1595.  Thomas  Savillc  was  also  a man  of  great  learning, 
and  an  intimate  friend  of  Camden  ; among  w hose  letters, 
just  mentioned,  there  arc  13  of  Mr.  Seville's  to  him. 

SAUNDEKSON  (Ur  Nicholas),  an  eminent  pr^ei- 
sor  of  raatbematics  in  the  university  of  Cambridge,  and  a 
Irltow  of  the  Royal  Society,  was  born  atThuiUton  in 
V'orkshire  in  l6S2.  When  he  was  but  twelve  months  old, 
be  lost  not  only  his  cyc-sight,  but  his  very  eye-balls,  by  the 
small-pox  ; so  that  he  could  retain  no  more  ideas  of  vision 
than  if  he  had  b<*en  born  blind.  At  an  early  age,  how- 
ever, being  of  very  promising  parts,  he  was  sent  to*  the 
fret--scbooi  at  Pninriton,  and  there  laid  the  foundation  of 
that  knowledge  uf  Greek  and  Latin  languages,  which  hr 
afterwards  improved  so  far,  by  his  own  application  to  the 
cUnic  authors,  as  to  bear  the  works  of  Euclid,  Archi- 
medes, and  Oi'ipbaiiius  read  in.thr-ir  original  Grevk. 

Having  acquired  u grammatical  education,  his  father, 
who  was  in  tbe  excise,  instructed  him  in  the  common 
rules  of  arithmetic.  And  here  it  wus  that  his  excellent 
inatberoatical  gi  nfira  first  appeared  : for  he  very  soon  be- 
came able  to  work  the  common  questions,  to  make  lon^ 
calculations  by  the  strength  of  his  memory,  and  to  form 
new  rules  to  himself  for  the  better  resolving  of  wueh  pro- 
blems as  arc  often  proposed  to  learners  as  trials  of  skill. 

At  the  age  of  IS,  our  author  was  introduceti  to  the  ac- 
quaintance of  Richard  West,  of  Underbank,  E»q.  a lover 
of  mathematics,  who,  observ’ing  Mr.  Saunderiion’s  uncom- 
mon capacity,  took  the  puins  to  instruct  him  in  the  prin- 
ciples of  algebra  and  geometry,  and  gai-e  him  every  en- 
coun^ment  in  his  power  to  the  pMsocution  of  these 
studies.  Soon  after  this  he  became  acquainttri  also  with 
I>r.  Nettleton,  who  look  the  sahic  pninv  with  him.  And 
it  was  to  these  two  gentlemen  that  Mr.  Saunder«>on  owed 
bis  first  institution  in  tbe  matbemalical  sciences  : they 
fiiinisbed  him  with  books,  and  often  read  and  expounded 
them  to  him.  But  he  soon  surpassed  bis  masters,  and  be- 
came fitter  10  Icacb,  than  to  tenm  any  thing  from  them. 

His  father,  otherwise  bnrdencd  with  n numerous  family, 
finding  a difiirultym  supporting  him,  his  friimds  began  to 
think  of  providing  both  for  his  education  and  maint«-nance. 
His  own  indinntioTi  led  him  strnn&ly  to  Cambridge,  and 
it  was  at  length  determined  (hat  hr  should  try  his  fortune 
there,  not  as  a scholar,  but  as  a master  : or,  if  this*  de- 
sign should  not  succeed,  they  promised  themselves  success 
in  ojieiiing  a school  for  him  al  London.  Accordingly  be 


3M  3 SAD 

went  to  Cambridge  in  1707,  being  then  23  years  of  are, 
and  his  fame  in  a short  time  filled  the  univeisiiy.  Newton's 
Principia,  Optics,  and  Univervat  Arithmetic,  were  the 
foundations  of  his  lectures,  and  afurded  him  a noble  field 
for  the  display  of  his  genids;  ami  great  numbers  came  to 
hear  a blind  man  give  lectures  on  optics,  diHCouru*  on  the 
nature  of  light  and  colours,  expluiu  the  theory  of  vision, 
tbe  effect  of  glasses,  the  phenomenon  of  the  rainbow,  and 
othtT  objects  of  siglit. 

^s  he  instructed  youth  in  the  principle.*  of  the  Newto- 
nian philosophy^  lie  soon  became  acquainted  with  its  in- 
comparable author,  though  he  had  several  vear#  before 
left  the  university  ; and  frequently  conversed  with  h»m  on 
the  roost  difficult  parts  of  his  works:  he  also  held  africmily 
communication  with  the  other  eminent  oiathema(ici,in^  of 
the  age,  Halley,  Cotes,  Derooivre,  &c. 

Mr.  Whistoii  was  during  this  lime  in  the  mathematical 
professor's  chair,  and  read  lectures  in  the  manner  pro- 
posed by  Mr.  Saaiidersun  on  his  settling  at  Cambridge;  so 
that  an  alterepi  of  this  kind  lookt>d  like  an  encroachment 
on  the  privilege  of  his  office ; but,  as  a good-natured  man, 
and  an  encouragrr  of  learning,  he  readily  consevted  to  the 
application  of  friends  made  in  behalf  of  so  uncommon  a 
person. 

On  the  removal  of  Mr.  Whiston  from  his  professor- 
ship, Mr.  SKundersun's  merit  was  tluaght  so  much  >ti- 
perior  to  (hut  of  asy  other  compHilor,  that  un  extra- 
ordinary step  was  taken  in  bis  favour,  to  qualt^'  him 
with  a degree,  which  the  statute  requires  : in  consequence 
he  was  chosen,  in  1711,  Mr.  Winston’s  successor  in  the 
Lux’asian  professorship  of  mntheniatics.  Sir  l^ac  Newton 
interesting  hiinvelf  greatly  in  his  favour.  HU  first  per- 
formance, after  be  was  seated  in  the  chair,  w.is  an  inau- 
gural speech  made  in  vei*)’  elegant  latin,  and  a style  truly 
Ciceronian ; for  he  was  well  versed  in  the  w^iHng^  ofTully, 
who  was  his  favourite  in  prt»se,  as  Virgil  and  Horace  were 
in  verse.  From  this  lime  he  applied  liimself  closely  to  the 
reading  of  lectures,  and  gave  up  his  n hole  time  to  hii  pupils. 
He  continued  to  reside  among  the  gentlemen  of  Chrisl- 
cullcge  till  the  year  1723,  when  he  took  a house  in  Cam- 
bridge, and  soon  after  married  a daughter  of  Mr.  Dickens, 
rector  of  Boxworth  in  Cambridgi'shire,  by  vihom  he  had 
a son  and  a daughter. 

In  (he  year  1728,  when  king  George  visited  the  univer- 
sity, he  expressed  a desire  of  seeing  so  remarkable  a per- 
son ; and  accordingly  our  protessor  attended  hii  majesty 
in  tbe  senate,  and  by  his  favour'  w*as  there  created  doctor 
df  laws. 

Ur.  Saunderson  was  naturally  of  a strong  healthy  con- 
stitution; but  being  too  sedentary,  and  constantly  con- 
fining himself  to  ttie  house,  he  became  a valetudinarian  : 
ami  in  the  spring  of  the  year  1739  he  complaimnl  of  a 
numbness  in  his  limbs,  wl\ich  ended  in  a murtificaliun  in 
his  foot,  of  which  he  died  tbe  19th  of  April  that  year,  in 
the  57lh  year  of  his  age. 

'I*here  was  scarcely  any  part  of  tbe  mathematics  on 
which  Dr.  Saumicrsun  had  not  composerl  something  for 
tbe  use  of  his  pupils.*  But  be  discovered  no  inb  ntion  of 
ubtfshing  any  thing  till,  by  the  persuavion  of  his  friends, 
e prepared  his  F.h  mrnts  of  Algebra  for  the  press,  which 
after  his  death  were  published  by  subscription  in  2 vols 
4to,  1740. 

hfi*  left  many  other  writings,  though  none  perba|)H  pic- 
pared  for  the  pres#.  Among  these  were  some  valuable  com- 
ments on  Newton  s Pnneipia,  which  not  only  explain  the 
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more  difficult  pnrts,  but  often  Improve  upon  the  doctrine 
ittclf.  These  are  publiilied  in  Latin  at  the  end  of  his  post* 
humous  Treatise  on  rioxions,  a valuable  work,  published 
in  8vot  17^6. mnnuHcript  lectures  loo,  on  most  parts 
id' natural  philosophy,  uUich  1 have  uen,  might  make  a 
i-on%iderable  Voluniv,  and  prove  nn  acceptable  preK'iu  to 
the  public  if  printed. 

Dr.  Siiumkrsun,  as  to  his  character,  was  a man  of  much 
wit  and  vivacity  in  conve  rsation,  and  cstei'med  an  excel- 
lent companion,  lie  was  endued  with  a great  regard  to 
truth  ; and  was  such  an  enemy  to  disguise,  that  Ha  thought 
it  his  duty  to  speak  his  thoughts  at  ull  times  with  unre- 
strained freedom.  Hence  his  sentiments  un  men  and 
opinions,  his  friendship  or  disrr'gard,  were  expressed 
without  reserve;  a sincerity  which  raised  him  many 
enemies. 

A blind  man,  moving  in  the  sphere  of  a mathematician, 
seems  a phenomenon  difficult  to  bo  accounted  for,  and  has 
excited  the  admiration  of  every  age  in  which  it  has  ap- 
peared. Tully  mentions  it  as  a thing  scarce  credible  in 
iiii  own  mu»ter  in  philosophy,  Diodutus;  that  he  exer- 
cised himself  in  it  with  more  assiduity  after  hr  became 
blind-;  and  what  be  thought  next  to  impossible  to  be  done 
without  sight,  that  he  protcsseci  geometry,  describing  his 
diagrams  SO' exactly  to  bis  scholars,  that  they  could  draw 
every  line  in  its  proper  direction.  St.  Jerome  relnies  a 
strM  more  reinarkuble  instance  in  Didyraus  of  Alexandria, 
who,  though  blind  from  his  infancy,  and  therefore  igno- 
rant o(  the  very  letters,  not  only  learned  logic,  but  geo- 
metry also  to  very  great  perfecijon,  which  seems  most  of 
all  to  require  sight.  Uul,  if  we  consider  that  tlie  ideas  of 
extended  quantity,  which  arc  the  chief  ohjeeb  of  maific- 
mntics,  may  as  well  he  acquired  by  the  u*nse  of  filling  as 
that  of  sight,  that  a hxed  and  steady  attention  is  the  prin- 
cipal qualihcation  for  this  study,  and  that  the  blind  arc  by 
ueccftsity  mure  abstracted  than  others  (for  which  reas^iri  it 
is  said  that  Democritus  put  out  his  eyes,  that  he  might 
think  more  intensidy),  wc  shall  perhaps  find  reason  to  sup- 
pose tixat  there  is  no  branch  of  science  so  much  adapted 
to  their  circumsiances. 

At  first,  Dr.  Saunderson  acquired  most  of  his  ideas  by 
the  sense  of  feeling ; and  tliis,  as  is  commonly  the  case 
with  the  blind,  he  enjoyed  in  great  periection.  Yet  he 
could  not,  as  some  are  said  to  have  done,  distinguish  co- 
. lours  by  that  sense;  for,  after  having  made  repeated 
trials,  he  used  to  s.iy,  it  was  pretending  to  impossibilities. 
But  he  could  With  great  uicety  and  exactness  observe  the 
smallest  degree  of  roughness  or  defect  of  polish  in  a sura 
face.  Thus,  in  a set  of  K«>nian  medals,  he  distinguished 
the  genuine  from  the  false,  though  they  had  been  counicr- 
ieited  with  such  exactness  as  to  deceive  u connoisseur  who 
had  judgbd  by  the  eye.  By  the  s«*n»e  of  feeling  also,  he 
distinguished  the  least  variation  1 and  he  has  been  seen  in 
a garden,  when  observations  have  been  making  on  the 
sun,  10  take  notice  of  every  cloud  that  interrupted  the 
obicrvalion  almost  as  justly  as  they  who  could  see  it. 
He  could'also  tell  when  uny  thing  was  held  near  his  face, 
or  when  hf  passed  by  a tree  at  no  great  distance,  merely 
by  the  ditTercnt  impulse  of  llic  air  un  his  face. 

His  ear  wa»  also  equ.'tlly  exact.  He  could  readily  dis- 
tinguish the  5th  part  of  a note.  By  the  quickness  of  this 
sctiM'  he  could  judge  6f  the  site  of  a room,  and  of  his  dis- 
tance from  the  wall.  And  if  ever  he  walked  over  a pave- 
ment, in  courts  or  piazzas  which  reflected  a sound,  and 
was  afterwards  conducted  (hither  again,  be  could  tell  in 


what  part  of  the  walk  he  stood,  merely  by  the  note  it 

sounded. 

Dr.  Saunderson  bad  a peculiar  method  of  performing 
arithmetical  calculations,  by  an  ingenious  machine  and 
method,  which  is  pariiculurly  described  in  a piece  pre- 
fixed to  the  firM.volume  of  his  Algi'bra.  'I'hlil  be  was  able 
to  make  long  and  tntriratc  calculations,  both  ariilitneiical 
and  algebraical,  is  a thing  as  Certain  as  it  is  wonderful. 
He  had  coiitiixcd  for  bis  own  use,  a commodious  nota- 
tion for  any  large  numbers,  which  he  could  express  on 
his  abacus,  or  calculating  table,  and  with  which  he  could 
ri'odily  perform  any  anihmrtical  operations,  by  the  sense 
of  feeling  only,  for  which  reason  it  was  called  his  Palpa- 
ble Arithmetic.  • 

His  calculating  table  was  a smooth  thin  board,  a Hide 
more  than  a foot  square,  raised  upon  a small  frame  so  ns 
to  lie  hollow;  which  board  was  divided  into  a great 
number  of  little  squau*s,  by  iiiii's  intersecting  one  another 
perpendicularly,  and  parallel  to  the  sidi**  of  the  table, 
and  the  parallel  ones  only  one-tenth  of  an  inch  from  each 
other;  so  that  every  square  inch  of  the  tabic  was  thus 
divided  into  100  little  squares.  At  every  point  of  inter- 
section the  bouni  was  pertoraled  by  small  holes,  capable 
of  receiving  a pin  ; fesr  it  was  by  the  helpof  pins,  stock 
up  to  the  head  (hr<»ugh  these  holes,  that  lie  expressed  his 
numberi.  He  uhxI  two  kinds  of  pins,  a larger  and  a 
smaller  sort ; at  least  their  heads  were  difiercnt,  and  might 
easily  be  distinguished  by  ft-eling.  Of  these  pins  he  had 
a large  quantity  in  two  boxes,  with  their  points  cut  off, 
which  always  stood  ready  b<;fore  him  when  he  calculated. 
The  writer  of  that  account  describes  particularly  ibo 
whole  process  of  using  the  machine,  and  concludes,  “ Ho 
could  place  and  displace  his  pins  with  incredible  nimble- 
ness  and  facility,  much  to  the  pleasure  and  surprize  of  all 
the  beholders.  He  could  even  break  off  in  the  middle  of 
a calculation,  and  resume  it  when  he  pleased,  and  could 
presently  know  the  cunditinn  of  it,  by  only  drawing  bis 
fingers  gently  over  the  table.” 

S.AUfUN  (Joseph),  an  ingenious  Fnnck  mathemati- 
ciah,  was  born  in  l659,  at  Courtaison,  in  the  principality 
9f  Orange.  His  father,  minister  at  Grenoble,  was  a man 
of  a very  studious  disposition,  and  was  the  first  preceptor 
or  instructor  to  our  author;  who  made  a rapid  progress 
in  his  studies,  and  at  a very  early  age  was  admitted  a mi- 
nister at  Lure  in  Dauphiny:  but  preaching  on  offensive 
sermon,  he  was  obliged  to  quit  Trance  in  1683.  On  this 
occasion  he  retired  to  Geneva;  whence  lie  went  into  the 
Slate  of  Berric,  and  was  appointed  to  a living  at  Vverdun. 
He  was  no  sooner  cstablivhcd  in  this  his  situation,  than 
certain  theologians  raised  a clamour  against  him.  Saurin, 
eiisgusieii  with  ibe  controversy,  and  still  more  with  the 
Swiss,  where  his  talents  were  buried,  passed  into  Holland, 
and  from  thence  into  France,  where  he  put  himself  under 
the  protection  of  the  celebrated  Bossu,  to  whom  he  made 
his  Abjuration  in  l6'y0,  as  it  is  sus|>ected,  that  he  might 
find  protection,  nnd  have  an  opportunity  of  cultivating 
the  sciences  at  Haris.  Ami  in  this  he  was  not  disap- 
poinitHl:,he  met  'vith  many  flattering  encouragements ; 
w'as  even  much  noticed  by  the  king,  had  a pension  from 
the  court,  and  was  admitted  of  the  Academy  of  Sciences 
in  1/07,  in  the  quality  of  geometrician.  This  science 
was  now  hit  chief  study  and  delight ; with  many  writings 
upon  which  he  enriched  the  volums  of  thc.?ournal  des 
Savans,  and  the  Memoirs  of  the  Academy  of  Sciences. 
These  were  the  only  works  of  this  kind  that  he  publi^ud  ; 
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he^rat  atitbor  of  wveral  other  pieces  of  a eontroreriial 
nature,  agaiost  the  celebrated  Rousseau,  aud  other  ant»> 
gonists,  orer  whom,  with  the  assistance  of  government,  he 
nas  enabled  to  triumph.  The  latter  part  of  his  life  was 
spent  more  peaceably  in  cultivating  the  mathematical 
sciences,  fie  died  the  2.9th  nf  December  1737,  of  a le« 
tbargic  fever,  at  78  years  of  age. 

The  character  of  bflurin  was  lively  and  impetuous,  cn> 
dutd  with  a considerable  degree  of  that  noble  indepen' 
deoce  arid  loftiness  of  manner,  wfai^b  is  apt  to  be  mistaken 
lor  haughtiness  or  insolence;  in  consequence  of  which, 
his  memory  was  attacked  after  Iris  death,  as  bis  reputa> 
lion  had  bwn  during  his  life ; and  it  was  even  said  he  had 
been  guilty  of  crimes,  by  bis  own  confeasion,  thatought 
to  have  been  punishtd  with  death. 

SauHt/s  mathematical  and  philosophical  papers,  printed 
in  the  Memoirs  of  ihc  Academy  of  Sciences,  which  are 
pretty  numerous,  arc  to  be  found  itf  the  volumes  for  the 
years  following;  vis,  1709*  1710,  1713,  1716,  1718, 
1720,  1732,  1723,  1725,  1727. 

SAUSSURfe^  (Horace  Beredict  de),  an  ingenious 
philosopher,  who  was  born  at  Geneva  in  1740,  and  died 
in  1799*  Ac  th^  age  of  21  lie  was  elected  philnaophical 
professor  at  Geneva,  where  he  taught  for  25  yean,  with 
great  public  bcncAt.  He  Arst  vUited  Paris  in  1768,  and 
next  examined  (he  discoveries  of  MontgolAer  at  Lyons; 
ho  tlrcn  travelled  through  Holland,  Belgium,  Eogland, 
and  Italy.  He  visited  the  idand  i>f  Elba,  examined  V'c« 
suvioa,  and  measured  the  crater  nf  ^tna.  He  invented 
several  instruments,  in  scientific  operations,  in  his  ex- 
cursions nmong  the  Alps,  he  crossed  them  14  times,  at  6 
different  places;  and  heascehded  to  the  summit  of  Mont 
Blanc,  wtieri'  he  could  hardly  breathe.  Ho  was  made 
member  of  the  Academy  of  Sciences  at  Paris,  6tc,  in 
the  French  revolution  he  was  elected,  on  the  union  of  his 
CouQtry  to  France,  to  the  National  Assembly ; but  the  dis> 
orders  of  tbc  times  ruined  his  little  fortune,  and  broke 
bis  heart. 

Sauiiure  wts  author  of  an  Eulogy  on  bis  friend  Bonuet, 
*8vo:  Diisertatio  Pbysica  de  IgM:  Int^ry  on  the  Bark 
of  Leaves,  Ac:  Dissertatio  Pbysica  de  £lacttjciu(c,  8vo: 
Plan  of  Reform  for  the  Colh^  of  Geneva:  Description 
of  the  Electrical  Effects  of  lliunder : Essay  on  Hygro- 
metry,  4to:  Travels  in  the  Alps,  4 vols.  4to,  a valuable 
work  : and  other  pieces. 

SAUVEUR  (Joseph),  an  eminent  French  mathema- 
tician, was  burn  at  La  Flcche  the  24tb  of  March  1653. 
He  was  absoliiu-iy  dumb  till  he  was  seV-rn  years  of  age; 
and  then  the  organs  of  speech  did  not  disengage  so  effec- 
tually, but  that  be  was  ever  after  obliged  to  speak  very 
slowly  and  with  difficulty.  He  very  early  discovered  a 
great  turn  for  mechanics,  and  was  always  inventing  and 
constructing  something  or  other  in  that  way. 

He  was  sent  to  the  college  of  the  Jesuits  to  study  po- 
lite literature,  but  made  very  little  progress  in  poetry  and 
eloquence.  Virgil  and  Cicero  had  no  charms  for  him ; 
but  he  read  with  eagerness  books  of  arithmetic  and  geo- 
metry. However,  he  was  prevailed  on  to  go  to  Paris  in 
1070,  and,  being  intended  for  the  church,  there  he  ap- 
plied hun»elf  for  a time  to  the  study  of  philosophy  and 
theology ; but  still  succeeded  no  better.  In  short,  ma- 
thematics was  the  only  study  he  had  any  relish  for,  and 
this  he  cultivated  with  extraordinary  success  ; for  during 
bis  course  of  philosophy,  he  IcariK'd  the  first  six  books  of 
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Euclid  in  the  spat*  o|va  mootfa,  without  the  hHp  of  a 
muter. 

As  be  had  an  impediment  in  bis  voice,  though  other- 
wbc  endued  with  extraordinary  abilities,  he  was  advised 
by  M.  Rossurt,  to  give  up  all  designs /or  the  church,,  and 
to  apply  himself  to  tlic  &iudy  of  physic:  but  (his  being 
utterly  against  the  inclination  of  his  uncle,  from  whom  be 
drew  bis  principal  resourci'S,  Sauvrur  ditcrmined  to  de- 
vote himself  to  his  favourite  science,  and  to  pe  rfect  him- 
self in  it,  so  as  to  teach  it  for  his  support;  and  in  effect 
he  soon  became  the  fashionable  preceptor  in  inatheiua- 
tica,  »o  that  at  23  years  of  age  he  had  prince  Eugene  for 
his  scbolar.^lle  had  not  yet  read  the  geometry  of  Des- 
•artca;  but  a foreigner  of  the  first  equality  desiring  to  Itc- 
ttfUglil  it,  he  m&de  himself  roH»icr  of  it  in  an  inconceivably 
small  space  of  lime.*«-Basaet  biing  a fashionable  game  at 
that  time,  the  marquis  of  Dangrau  asked  him  for  some 
calculations  relating  to  it,  which  gave  such  satisfaction, 
that  Sauveur  bad  tb4  honour  to  explain  ihuin  to  the  king 
and  quecu. 

la  1681  he  was  sent  with  M Mariotte  to  Chantilli,  to 
make  some  rx|K‘riments  upon  the  waters  there,  which  he 
did  with  much  applause.  The  frcqueni  visiu  he  made  to 
this  place  inspired  him  with  the  design  of  writing  a trea- 
tise on  fortification  ; and,  in  order  lo  join  practice  with 
theory,  he  went  to  the  siege  of  Mons  in  1691,  where  he 
continued  all  the  while  in  the  trenches.  With  the  same 
view  also  he  vUiicd  all  the  towns  of  Flanders  ; and  on  his 
return  he  became  the  mathematician  in  ordinary  at  the 
court,  with  a pension  fur  life.— In  1080  he  had  been 
chosen  to  teach  mathematics  to  the  pages  of  the  Dau- 
phiness.  In  1086  be  was  ajipointed  inaihemalical  pro- 
fessor in  (be  Royal  College.  And  in  I69O  admitted  a 
member  of  the  Academy  of  Sciences,  where  he  was  in 
high  esteem'  with  the  members  of  that  society.^lie  br  eamo 
aisr>  particularly  acquainted  with  the  prince  of  Cond6, 
from  whom  he  received  many  marks  of  favour,  and  affec- 
tion. Finally,  M.  Vaubaii  having  been  made  muishal  of 
France,  in  17<13,  he  proposed  Sauveur  to  the  king  as  his 
succeteor  in  the  office  of  examiner  of  the  engineers;  to 
which  his  majesty  agreed,  and  honoured  him  with  a pen- 
sion, which  our  author  enjoyed  till  his  death,  whkh  hap- 
pen^ the  9th  of  July  17 16,  in  the  64th  year  uf  his  ago. 

Sauveur,  in  bia  cbarRcicr,  was  uf  a kind  obliging  dispo- 
sition, of  a.sweei,  unilbrm,  and  unaffected  temper;  and 
though  bis  fame  was  pretty  generally  spread  abroad,  it  did 
not  alter  his  humble  dcpqftment,  and  the  sim|4icity  of 
his  msnneri.  He  used  to  say,  that  whui  one  roan  coald 
accomplish  in  mathematics,  another  might  do  also,  if  Kq 
chose 

An  extraordinary  part  of  Sauveur's  character  is,  that 
though  he  bad  neither  a musical  voice  nor  ear,  yet  he 
studied  no  science  more  than  music,  of  which  be  com- 
posed an  entire  new  system.  And  though  he  ivat  obliged 
to  borrow  other  people's  voice  and  cars,  yet  lie  amply  re- 
paid them  with  such  demonstrauons  as  were  unknown  to 
former  musicians.  Ha  also  introduced  a new  diction  ta 
music,  more  appropriate  and  extensive.  He  innntvd  a 
new  doctrine  of  sounds  ; and  was  tbe  first  that  discovered, 
by  theory  and  experiment,  the  velocity  of  musical  strings, 
and  the  spaces  they  describe  in  their  vibrations,  under  sU 
circumstances  of  tension  and  dimensions.  It  was  he  also 
who  first  invented  ibr  this  purpose  tbe  monoebord  and  the 
eebometer.  In  short,  be  pursued  Ms  researches  cveu  to 
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<b«  music  of  the  incient  Oroeks  and  Homans,  to  tho 
Arabs,  and  to  the  very  Turks  and  Persians;  kj  jealous 
vas  he,  ]<hstany  thing  should  escape  him  ia  the  science  of 
aouiMis. 

S^u^cu/s  writings,  which  consist  of  pieces  rather  than 
of  set  works,  are  all  ins<’rtcd  in  the  volumes  of  the  Me* 
moirs  of  the  Academy  of  Sciences,  from  the  year  1700  to 
the  year  171 1)|  on  various  geometrical,  mathematical, 
philosophical,  and  musical  subjects. 

SCALE,  a mathematical  instrument,  consisting  of  cer- 
tain lines  dnwn  on  wood,  metal,  ivory,  &c,  dividid  into 
various  i>arts,  either  equal  or  unequal.  It  is  ol  great  use 
in  laying  dos\n  distances  in  proportion,  or  in  measuring 
dretances  already  laid  down.  There  are  scales *of  various 
kinds,  accommodated  to  the  several  uses:  the  principal 
are  the  Plane  Scale,  the  Diagonal  Scide,  Gunter's  Scale, 
and  the  Plotting  Scale. 

Plane  or  P/cf/nScAUt,  n mathematical  instrument  of 
very  extimsiw  u>c  and  application  ; which  is  commonly 
made  of  ^ fvt  in  length;  and  the  lines  usually  drawn 
upon  it  are  the  following,  viz, 

1 Lines  of  Equal  Parts,  and  marked  E.  P. 

2 - - Chords  • - - • « Cho. 

3 - • Rhumbs  • - - - - Ru. 

4 - - Sines  • • . - . Sin. 

5 • • 'I'angents  . - - • • Tan. 

6 - - Secanls  - - • - - Si*c. 

7 - * Semiiangcnis  - * - S.  T. 

8 - - Longitude  - - - - Long, 

9 - - Latitude  . • - - Lat. 

1.  The  lines  of  equal  parts  arc  of  two  kinds,  viz,  sim- 
ply divided,  and  diagonally  divided.  The  6rst  of  these 
are  formed  by  drawing  tbri-c  lines  parallel  to  one  another, 

dividing  them  into  any  number  of  equal  parts  by 
abort  lines  drawn  across  them,  and  in  like  manner  sob-  ' ^ 

dividing  the  first  divtsion  or  part  into  10  other  equal  3.  For  the  line  of  thumbs,  divide  the  quadrant  al» 
small  parts;  by  which,  numbers  or  dimensions  of  two  into  8 equal  parts:  then  with  the  centre  a transfer  the 
figures  may  be  taken  off.  On  some  rulers,  S4'veral  of  divisions  to  the  cboid  ad, for  the  line  of  rhumbs, 
these  scales  of  eqnal  parts  arc  ranged  parallel  to  each  4.  For  the  line  of  sines,  through  each  of  the  divisions, 
other,  with  figures  set  to  them  to  show  into  how  many  of  the  arc  be,  draw  right  lines  parallel  to  the  radius  bc, 
equal  parts  they  divide  the  inch;  as  l?0,  75,'30,  35,  which  will  divide  the  radius  CE  into  the  sines,  or  versed 
40,  45,  Ac.  The  9d  or  diagonal  divisions  are  formed  by  sines,  numbering  it  from  C to  £ for  the  sines,  and  from  8 
drawing  eleven  long  parallel  and  equidistant  lines,  which  to  c for  the  versed  sines. 

are  divided  into  equal  parts,  and  crossed  by  other  short  5.  For  tho  line  *of  tangents,  lay  a ruler  on  c,  and  the 
lines,  as  the  former ; then  the  first  of  the  equal  parts  have  several  divisions  of  the  arc  be,  and  it  will  intenM‘C(  the 
the  two  outermost  of  the  eleven  parallels  divided  into  10  line  eg,  which  will  become  a line  of  tangenb,  and  num- 
equal  ptffts,  and  the  points  of  division  being  connected  by  bered  from  e to  G with  10,  20, 30,  40,  Ac. 

)ir>es  drawn  diagonally,  the  whole  scale  is  thus  divided  6.  For  the  line  of  secants,  transfer  the  distances  bc- 
into  dimensions  or  numbers  of  three  places  of  figun-s.  (ween  the  centre  c and  the  divisions  on  the  line  of  tan- 

The  other  lines  upon  tbc  scales  are  such'as  arc  cum-  gents  to  the  line  sr,  from  the  centre  c,  and  those  will  give  • 
monlrused  in  trigonometry,  navigation,  astronomy,  dial-  the  divisions  of  the  line  of  secants,  which  must  be  num- 
ling,  projection  of  the  sphere,  Ac,  Ac  ; and  their  con-  hired  from  b towards  F,witb  10,  20,  30,  Ac.  ♦ 

•tractions  are  mostly  taken  from  the  divisions  of  a circle,  7*  For  the  line  of  semitangents,  lay  a ruler  on  n and 
as  follow  : . the  several  divUions  of  the  arc  eb,  which  will  inters4xt 

Describe  a circle  with  any  convenient  radius,  and  (he  radius  cr  in  the  divisions  of  the  semitang>  nts,  which 
quarter  it  by  drawing  the  diameters  ab  and  de  at  right  are  to  be  marked  with  the  corresponding  figures  of  (be 
angles  to  each  other;  continue  tbe^diameter  ab  out  to-  arc  eb. 

wards  r,  and  draw  the  tangent  line  eg  parallel  to  it ; also  The  chief  uses  of  tho  sine's,  Uiigenls,  secants,  and  semi- 
draw  the  chords  ad,  db,  BE,  ea.  Then,  tangents,  are  to  find  (he  p4>h-«  aiiu  centres  of  the  several 

2.  For  (he  line  of  chords,  divide  a quadrant  BB  into  90  circles  represented  in  projections  ot  the  sphere.  * 
equal  parts ; on  e as  a centre,  with  the  comnaMcs  trans-  8.  For  the  line  of  longitude,  divide  ibi'  radius  CD  into 
fer  these  divisions  to  the  chord  line  EB,  vrbich  mark  with  fio  equal  parts;  through  each  of  these,  psiralleh  to  the 
the  corresponding  n^mLxrs,  and  it  will  become  a line  of  radius  8C  will  intersect  the  arc  bd  in  as  many  points: 
chords,  to  be  traosterred  to  tbc  ruler.  from  D as  a centre  ilic  divisions  of  the  arc  bd  being  trauv- 
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ferrcd  to  the  cbord  »D>  vili  give  the  <Nviiion»  of  the  Ijm 
of  longitude. 

It'  this  line  be  Utd  apon  ibi*  tcule  cIom  to  the  line  of 
chunlii,  both  mverted,  su  that  6(1^  in  the  scale  of  longi- 
tude be  againii  0^  in  the  chorda,  &c  ; and  any  degree  of 
latitude  be  counted  on  tbe  chords,  there  will  «tand  op- 
po>ite  tu  it,  IQ  the  line  qf  longitude,  the  miles  contained 
in  ooe  degreo  of  longitude,  in  that  latitude ; the  mea- 
sure of  1 degn^o  under  the  equator  being  6u  geographi- 
cal luilee. 

9*  For  the  line  of  latitude,  lay  a ruler  on  B,  and  the 
several  divisions  un  thu  sines  on  ce,  and  it  will  iiilrtiieci 
tbe  arc  mz  in  as  many  points ; on  a us  a centre  trausler 
the  intersections  of  the  arc  ab  to  the  chord  ab,  for  the 
line  of  latitude. 

See  alio  Robertsons  Uescriptioo  and  Use  of  Matbe- 
aatical  Instruments, 

Diagonal  Scale.  . See  tbe  article  1,  above. 

Dtcumi,  or  Gimur\  or  Plotting,  or  Proportional^  or 
Retiucing  Scale.  See  the  several  articles. 

Scale,  in  Architecture  and  Geography,  a litse  divided 
into  equal  pens,  placed  at  the  bottom  ol  a map  or  draught, 
to  serve  as  a co'iunon  measure  to  all  tbe  |>aits  of  tbe 
building,  or  all  the*  distances  and  places  of  die  map. 

In  maps  of  largi*  tracts,  as  kingdoms  and'provioces,&c, 
the  scale  usually  consists  of  miles  : whence  it  is  deno- 
minated* a scale  ol  miles. — lu  more  particular  maps,  us 
those  of  toanuri,  &c,  the  scale  is  usually  of  chains  dcc.^ 
Tbe  scales  used  m draughts  uf  buildings  mostly  consist  of 
aaodulee,  feet,  inches,  palius,  tutkoms,  or  tbe  like. 

To  hod  the  distance  between  two  towns  &c,  in  a map, 
tbe  interval  is  taken  in  the  cowipasses.  and  set  off  in  tbe 
scale  ; and  the  ounabar  of  divisions  it  includes  gives  the 
distance.  The  same  method  serves  to  iiod  the  height  of 
a story,  or  other  part  in  a design. 

Mnonr  ScALB,  in  Perspective,  is  a right  line  in  the 
draught,  parallel  to  the  borisonul  Irae  ; divided  into  equal 
parts,  reprvsuntiiig  feet,  inches  Ac. 

Plying  ^ALE,  is  a right  line  in  the  draught,  tending  to 
the  point  of  view,  and  divided  into  unequal  parts#  repre- 
sent) nc  feel,  incliew,  Acc. 

Dijrrential  bcALB,  is  used  for  tbe  scale  of  felation  suh- 
UBCU'd  from  unity.  See  Series.  . 

Scale  o/  A'oto/ron,  is  the  order  of  progression  on 
which  any  •ysU’iu  of  antbmelic  is  ftKiniled;  as  the  Binary 
Scab . (Juart^-uary,  St*xrtmiy.  Denary,  Duodenary,  Ac. 

1 be  ileoHfy,  or  dirimHl  scab',  n that  on  which  ouf  pre- 
sent unratioii  » cs«Hbli'»ht'fl,  and  by  wliich  the  valui'  ol  our 
numericul  cliaracurv  inennse  m a tenfold  proportion, 
from  the  right  hund  touards  the  left,  litv  numU'r  of  cha- 
racters eiiiployctl  U'ltig  ten.  In  tin*  binary  scale,  there 
are  only  two  churacterH,  nnim  ly  I and  U;  arkl  generally, 
(br  any  scale  of  notation,  the  ouml^raf  characters  neces- 
sary fur  expressing  a given  quaiuity,wiil  never  exceed  ibe 
radix  of  that  ss  stem. 

'1  he  following  examples  will  give  some  idea  of  the  use 
of  the  di1]k*rerit  scales..)^. 

rwlr  Common 

S<df-  ^umi,  j ^ ’*  Pngrnnmv.  £xjn*»- 

non.  * 

BMiy  - - leinasi  xs*-*>0‘S*-«-)  xa*-ei  ae+o  » 4« 

Tetturj  - ^11101  X S*w-S  — «M 

QusnvMfyi'asoM-.i  x4’+ax4*+3  x s'-t-Ox  4*  + i x4+n  - t;j5 
QaiiwOf  - 41-1402^4  x >*-♦- 1 x x x 0 x i + 2 ••IJjlioe’ 
M2lH«Sx  xaVs  n e*+4  xe*4-l  x6-+-l  — iflUSt 

- »7e44  X IvV?  X IO*  + S X lO^W-4*  IQ.^4  st7»44 

PaoAsmiy  3e44«7  aiu'-vix  u*-s4xu-f 4 *iMea 
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For  more  on  this  subject,  sae  Notatiov. 

Scalk  gf  Hrlution,  in  Algebra,  an  expression  dcootijig 
tbe  Il  lation  of  ihe  terms  of  rveurring  senes  to  each  other* 
Sec  Seiues.  . 

, Hour  Scale.  See  Houh. 

Sc.iLK,  in  Music,  is  a denomination  given  to  the  ar- 
rangi'inent  » f the  six  syllables,  imeiutu  by  Guido  A ra- 
ttno,  tit  re  mi/a  lot  U ; called  also  gammuL  It  is  colled 
scale,  or  ladder,  bccaus4-  it  represents  a kind  of  ladder, 
by  roeaiu  of  which  the  voice  rises  to  acute,  or  sinks  to 
grave ; each  of  the  six  syllables  being  as  it  were  ohe  step 
of  tbe  ladder. 

Scale  is  also  used  for  a series  of  sounds  rising  or  fall- 
ing towards  acuichesi  or  gravity,  from  any  given  pitch  of 
lime  to  tlic  gri-utest  <li«tuacc  that  is  lit  or  practicable, 
through  such  itiiermrdiatc  degrees  as  to  make  the  suo- 
cession  most  agreeable  an<i  perh  et,  and  in  which  we  have 
all  ibc  harmouicai  intervals  most  cummodiously  divided. 
-~Tbe  scale  ia  otherwise  called  an  Uiiiv'enal  System^  as 
including  all  the  particular  systems  belonging  to  music. 
See  Systr.m.— There  were  three  different  scales  |ii  use 
among  ibe  ancieiiU,  which  had  their  dcnuminuliona  Cm 
the  three  several  kinds  of  music,  vis,  the  Diatonic,  Chns* 
lautic,  and  Inhuriuonic ; which  s>*o.  , 

SCAt.FNC,  or ScALBNuvx  7Vitfi^/e,rkatrianglewhota 
sides  and  angles  are  all  unequal. — A cylinder  or  cone, 
whose  axis  is  oblique  or  inclined  to  its  base,  is  also  said 
U)  be  scaletious:  though  more  frequently  it  is  called 
oblique.  , ^ 

SCALIGF.R  (JoSEPU  Jcstus),  a celebrated  Frencll 
chronologer  and  critic,  was  the  sun  of  Julius  Ccaar.hcar- 
liger,  and  born  at  Agen  in  France,  in  1540.  lie  studied 
in  the  college  of  Buurdeaux  ; alter  which  his  father  400k. 
him  under  bis  own  care,  and  employed  him  in  transcrib* 
log  his  poems;  by  which  meaas  hv  obtained  such  a lasU 
fur  poetry,  that  before  be  was  17  years  of  age  be  w^rota  a 
tragedy  on  the  subj<‘ci  g|  (Xdipus,in  which  bcimroduccd 
all  ibe  poetical  ornaments  ol  style  and  seniiroenl. 

His  ^her  eying  in  loStt,  he  went  to  Pans  tbe  year  fol- 
lowing, with  a viesign  to  apply  hiuisell  tu  tbe  Greek 
tongue;  for  which  purpose  be  fur  two  months  atundad 
the  lectures  of  Tunu-bus  ; but  inding  that  in  iba  usual 
course  be  should  be  a lung  time  in  g.*iiDing  his  point,  he 
shut  himtclf  up  in  his  closet,  upd  by  Constant  application 
for  two  years  gained  a perlect  knowledge  of  tbe  Greek 
language.  Afk-r  which  heapplicil  himsrifto  the  Hebrew, 
which  he  learned  by  himself  with  great-facility.  And  in 
like  miiQoer  be  ran  through  many  other  languages,  till  kf 
Could  speak,  it  is  said,  no  less  than  13  ancient  and  modern 
tongues.  Heinade  no  less  progress  in  the  sciences;  and  his 
wriimirs  procured  him  the  rrputHtionofoneoftbcgreatist 
men  <d  that  or  any  other  age.  Hv  embraced  tbe  reformed 
religion  nt  22  years  of  age : and  in  1563,  he  attached 
himself  to  Jjewis  Casteigiuer  dc  la  Roch  PMiay,  whom 
be  attended  in  several  journeyi.  Ami,  in  1593,  the  cura- 
tors of  the  university  of  Leyden  invited  him  to  an  hono- 
rary professorship  in  that  university,  where  ha  lived  l£ 
years,  till  be  died  of  a dropsy  in  I609.  at  69  years  of  age. 

Scaligcr  was  a man  of  great  temperance;  was  never 
married ; and  was  so  close  a student,  that  be  often  spetil 
whole  days  in  his  study  without  eating:  and  though  hia 
circumstances  were  always  very  narrow,  be  fgaatanlly  la- 
fusrd  the  presents  that  wiere  offered  him. 

He  wa*  auihor>of  many  iogenious  worka  os  eariosa 
sQb^ia.  His  aUhoxBic  wurk»  De  Lmesdauoae  Tempo- 
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nim  ; hie  rxquUilc  animiutvmions  on  Eusebius  ; with  bit 
ritnoti  Ina^^cui  Chronolugie;  and  hit  accurate  coro- 
mtmt  open  ManiIius*kAttn>nomtcon,tulTicicnt)y  evince  his 
knowledge  in  a&truiiomy,  and  other  branchea  of  learning 
among  the  ancient«,  and  who,  according  to  the  opinion  of 
the  celebrated  Mela,  wu  far  superior  to  any  of  that  age. 
And  he  had  no  less  a character  given  him  by  the  learned 
Casaubon. — He  wrote  Cyclorueirica  ot  Diatriba  do  Equi- 
noctiorura  Anticipatione.  Also  notes  unon  Seneca,  V'arro, 
and  Autonius’t  Poems.  But  that  which  above  all  things 
renders  the  name  of  Scaliger  memorable  to  posterity,  is 
the  invention  of  the  Julian  period,  which  consists  of 
years,  being  the  continued  product  of  the  three  cycles^  of 
the  sun  28,  the  moon  19,  and  Homan  indiction  15.  This 
period  bad  its  beginning  fixed  to  the  7b4th  year  before 
the  creation,  and  is  not  yet  completed,  and  comprehends 
all  other  eych's.  piTiinls,  and  epochas,  with  the  times  of 
all  ninnorable  actions  and  histories.  The  collections  in* 
tilled  Scaligcnana,  wrre  made  from  his  conversations  by 
one  of  his  friends;  and  being  ranged  in  alphabetical  or* 
der,  were  published  by  Isaac  Vossius. 

SCANTLING,  a measure,  siae,  or  standard,  by  which 
the  dimenMons  of  things  are  to  be  determined.  The 
term  is  particularly  applu  d to  the  dimensions  of  any  piece 
of  timber,  with  regard  to  its  breadth  and  thickness. 

SC.\PEMKNT,  in  Clock-work,  a general  term  for  the 
manner  of  communicating  the  impulse  of  the  wheels  to 
the  pendulum.  The  ordinary  scaperoenu  consist  of  the 
swing-wheel  and  palleltonly;  but  modern  improvements 
have  added  other  levers  or  detents,  chiefly  for  the  pur- 
VKMcs  of  diminishing  friction,  or  for  deuebing  the  pendu- 
lum from  the  pressure  of  the  wheels  during  part  of  the 
time  of  its  vibretioo.  Notwithstanding  the  very  great  im- 
porlanee  of  the  scapement  to  the  performance  of  clocks, 
nd  material  improvement  was  made  in  it  from  the  first  ap- 
plication of  tht'  pendulum  to^clockt,  to  (be  days  of  Mr. 
George  Graham  ; nothing  mon:  was  attempted  before  his 
time,  than  to  apply  the  impulsa  of  the  iwing-wbccl,  in 
such  manner  as  was  attended  with  the  least  friction,  and 
would  give  the  greatest  morion  to  the  pendulum.  Dr. 
Halley  discovered,  by  some  experiments  made  at  the  Royal 
Observatory  at  Greenwich,  that  by  adding  more  weight 
to  the  pendulum,  it  wns  made  to  vibrate  larger  arcs,  and 
(he  cluck  went  fabler;  by  diminishing  the  weight  of  the 
pendulum,  the  vibrations  became  shorter,  and  the  clock 
went  slower ; the  n*suU  of  these  experiments  being  diame- 
trically opposite  (u  what  ought  to  b^  expected  from  the 
theory  of  the  pendulum,  probably  first  roused  (be  attention 
of  Mr.  Graham,  and  led  him  to  such  further  trials  as  con- 
vinced him,  that  this  seeming  paradox  wns  occiuioned  by 
(be  retrograde  motion,  which  was  given  to  the  swing-wheel 
by  every  construction  of  scapement  that  was  at  that  time 
in  use;  and  bis  great  sagacity  soon  produced  a remi-ily 
fur  this  delect,  by  conmuuing  a acapeincnl  which  pre- 
vented all  recoil  of  the  wbceU,  and  restored  to  the  clock 
pendulum,  wholly  in  theory,  pnd  nearly  in  practice,  all  its 
natural  properties  in  its  detached  simple  state  ; thisscape- 
ment  was  named  by  its  celebrated  inventor  the  Dead  Beat, 
and  its  gri*at  su|H*riority  was  so  universally  acknowledged, 
that  it  was  soon  introduced  into  general  use,  and  still  con- 
tinues in  universal  esteem.  The  importance  of  the  scape- 
m«  nt  to  the  accurate  going  of  clocks,  washy  this  improve- 
moQi  n odorCd  so  unquv*siionablc,  that  artists  of  the  first 
rata  all  over  Europe,  were  forward  in  producing  eac,h  bis 
partieular  construction,  as  may  be  seen  in  the  works  of 


Thiout  Tain^,  M.  J.  A.  I^epante,  M.le  Roy,  M.  Ferdinand 
Bertoud,  and  Mr.  Cummings'  Elements  of  Clock  and 
>Vatchwork,  in  which  we  have  a minute  description  of  se- 
veral new  and  ingenious  constructions  of  scapemetits,  with 
an  investigation  of  (be  principles  on  which  iheir  claim  to 
merit  is  founded  ; also  a comparative  view  of  the  advan- 
tages or  defects  of  the  several  constructions.  Besides  the 
scapemetits  described  in  the  above  works,  many  curious 
constructions  have  boon  produced  by  eminent  artists,  who 
have  not  published  any  account  of  them,  nor  of  the  mo- 
tives which  have  induced  each  to  prefer  his  favourite  con- 
struction : Mr.  Harrison,  Mr.  Hiudley  of  York,  Mr.  Elli- 
cot,  Mr.  Mudge,  Mr.  Arnold,  Mr.  Whitehurst,  and  many 
other  ingenious  artists  of  this  country,  have  made  scape- 
nients  of  new  and  peculiar  constructions,  of  which  we  are 
unable,  for  the  above  reason,  to  give  any  further  account 
than  that  those  of  Mr.  Harrison  and  Mr.  Hindley  had 
scarce  any  friction,  with  a certain  mode  and  quantity  of 
recoil;  thnee  of  all  the  other  gentlemen,  wc  believe,  have 
been  on  the  principle  of  the  d<*ad  beat,  with  such  other 
improvements  as  they  severally  judged  roost  conducive  to 
a good  performance.  . • 

' ' Count  Bruhl  published,  in  179A»  a small  pamphlet. 
Oh  the  Investigation  of  Astronomical  Circles,^  to  which 
he  has  annexed,  *'  A Description  of  the  Scapement  in  Mr. 
Mudge’s  first  Timekeeper,  drawn  up  in  August  1771.** 
Before  entering  upon  the  description,  the  count  premises  a 
few  obaervationi,  in  one  of  which  he  lecognises  a hint  con- 
cerning (he  nature  of  Mr.  Mudge's  scapement,  thrown  out 
by  this  artist  to  a small  tract  printed  by  him  in  (he  year 
176s,  which  is  tbii;  “ The  force  deriv<*d  from  the  main- 
spring should  be  made  as  equal  as  possible,  by  making  the 
mainspring  wind  up  another  smaller  spring  at  a leu  di- 
stance from  (he  bdaiice,  at  short  intervals  of  time.  I 
think  it  would  not  be  impracticable  to  make  it  wind  up 
at  every  vibration,  a small  spring  similar  to  tbe  pendulum 
spring,  that  should  immediately  act  on  the  balance,  by 
which  tbe  whole  force  acting  on  tbe  balance  would  be  re- 
duced to  the  grealost  simplicity,  with  this  advantage,  that 
the  force  would  increase  in  proportion  to  the  arch."  From 
tbit  bint.  Count  Bruhl  is  surprised  that  no  other  artists 
have  taken  up  Mr.  Mudge*s  invention.  He  (hen  gives  the 
description  of  that  invention,  in  (be  pamphlet  above-men- 
tioned. 

For  a detailed  account  of  Mudge's  scapement,  and  other 
inventions  of  this  kind,  see  Gregory's  Mechanics,  vol.  S, 
pa.  339. 

SCARP,  in  Fortification,  the  interior  slope  of  the  ditch 
of  a place ; that  is,  the  slope  of  that  side  of  a ditch  which 
is  next  to  the  place,  or  on  tbe  outside  of  tbe  rampart  at  its 
foot,  facing  the  champaign  or  open  country.  The  slope 
oil  the  outer  side  of  the  ditch  is  called  the  Counterscarp. 

SCF.NOGRAPHY,  in  Perspective,  the  perspective  re- 
presentation of  a body  on  a plane ; or  a description  and 
view  of  it  in  all  its  parts  and  dimensions,  such  as  it  appeal* 
to  the  eye  in  any  oblique  view.  'J'bis  difleri  oucntially 
. from  the  iebnography  and  (he  orthography.  The  ichno- 
grapby  of  a building,  &c,  represents  the  plan  or  ground 
.work  of  the  building,  or  section  parallel  to  it;  and  the 
orthography  the  elevation,  or  front,  or  one  side,  al»o  in  its 
natural  dimensions;  but  (he  scenography  c.xhibits  the 
•whole  of  the  building  that  appears  to  the  eye,  front,  sides, 
height,  and  all, not  in  tbeir  dimensions  o^  extent,  but 
raised  on  (he  geometrical  plan  irt  pcr»f>ective.-~-ln  archi- 
tecture and  fortificaiioo,  scem^raphy  is  the  maonor  of  do 
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]ineahiig  the  levenil  perU  of  a building  or  fortress,  as  ibry 
are  rcpresenlcd  in  perspective. 

To  exhibit  the  bcKNoGaaPMY  <if  oay  bodjf.  1>.  Lay 
du^a  the  basis,  grooml-plot,  or  plan,  of  tl^  body,  in  tbc 
perspective  ichiiography,  that  ts,  draw  the  perspecUvo  ap* 
ps'arancc  of  the  plan  or  basement,  by  the  proper  rules  of 
perspective.  3.  On  the  several  points  of  the  said  perspec- 
tive plan,  raise  the  perspective  heights,  ami  cutiurci  the 
topi  of  them  by  the  proper  slope  or  oblique  lines.  S<i  will 
the  stenography  of  the  body  be  completed,  wbcti  a proper 
shade  is  added.  Sec  Perspscti  va. 

SC'UEINER  (CtiRibTopiiEa),  a considerable  Cierroan 
mathematician  and  astiunomer,  was  born  at  Mundeiiheim 
in  Schwaben  in  1573.  .ilc  entered  into  the  society  of  the 
Jesuits  at  20  years  of  age  ; and  afterwards  taught  the  Hi*- 
hrew  tongue  and  the  mathematics  at  Ingolstadt,  Friburg, 
Brisac,  and  Home.  At  length  he  became  confessor  to  tbc 
archduke  Charles,  and  rector  of  the  college  of  the  Jesuits 
at  Neisse  in  Silesia,  where  he  died  in  lb'50,  at  73  years 
*of  age. 

Sebciner  was  chiefly  remarkable  for  being  oiu.*  of  the 
first,  though  not  the  very  first,  who  observed  the  spots  in 
the  sun  %<ith  tbc  tc)i*scopc  ; for  his  observations  of  those 
spots  were  first  made,  at  Ingolstadt,  in  the  latter  part  of 
the  year  ifill,  whereas  Galileo  and  Harriot  both  observed 
them  in  the  latter  part  of  the  year  before,  or  l6l0. 
Scheiuer  continued  his  observations  on  the  solar  pheno- 
mena for  many  years  afterwardsut  Rome,  with  great  assi- 
duity and  accuracy,  constantly  making  drawings  of  them 
on  paper,  dcscribingthcir  places,  figures,  magnitude,  revo- 
lutions, and  periods,  so  that  Uicciuli  delivered  it  as  his 
opinion  that  there  was  little  reason  to  hope  for  any  belter 
observations  of  those  spots.  Descartes  and  Hevelius  also 
say,  that,  in  their  judgment,  nulhingcan  be  e.vpvclcd  of 
t^iac  kind  more  satisfactory.  These  observations  were  pub- 
lished jn  one  volume  folio,  1()30,  under  the  title  of  Rosa 
Unina,  &c ; almost  every  page  of  which  is  adorned  with 
an  image  of  the  sun  with  the  spots.  He  w role  also  several 
smaller  pieces  relating  to  miuhcroalics  and  philoaupby, 
the  principal  of  which  are,  . 

2.  Oculus,  sive  Fundamentuin  Oplicuin,  6cc ; which 
was  reprinted  at  London,  in  l632,  in  4U>. 

3.  Sul  tkliplicus,  Disquisitioncs  .MAthematicx. 

4.  Dc  Controversiis  et  Kovitaiibus  Astrouomicis. 

SCHEME,  tt  draught  or  representation  of  any  geome- 
trical or  astronomical  figure,  hr  problem,  by  lines  sensible 
to  the  eye ; or  of  the  celestial  bodies  in  their  proper 
places  for  any  inoiucnl ; otherwise  called  a diagram. 

. Scheme  i4rc4n.  Sec  Akch.  • 

SCHOLIUM,  a note,  remark,  or  annotation,  occasion- 
ally made  on  some  passage,  proposition,  &c» 

The  term  is  much  used  in  geometry,  and  otlicr  parti  of 
the  mathematics;  where,  after  demonstrating  a proposi- 
tion, it  is  used  to  point  out  how  it  tnighl  done  st>tne 
other  way ; or  to  give  some  advice  or  precaution,  in  order 
to  prevent  mistakes;  or  to  add  some  particular  use  or 
.application  of  it. 

Woifius  has  given  abundance  of  curious  and  useful  arts 
and  methods,  and  a good  purl  of  the  mt>dcrn  philosophy, 
with  the  descriplioa  of  mathematical  instruments,  &c  ; all 
by  way  of  scholia  to  the  respective  propositions  m his  Ele- 
ineiiia  Matheseos. 

SCIIONF.R  (John),  a noted  German  philosopher  and 
mathematician,  was  born  at  Carolostadt  in  tbe  year  I477t 
and  died  in  i347»  at  70  ycat;^  of  age.— Ilis  curly  propen- 
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sity  to  thpse  sciences  may  be  deemed  a just  prognosttca- 
tiou  of  tbc  great  progress  which  he  afterwards  made  in 
them.  From  bis  uncommon  Requirements,  he  wasahow'n 
uiatheiiialicul  pruli'ssor  at  Nuremburg  when  be  was  but  n 
young  man.  He  wrote  a great  many  works,  and  was  par- 
ticularly ^-Icbrated  for  hU  astronomical  tables,  which  ho 
published  after  the  manner  of  those  of  Re'giomontaiius, 
and  to  which  he  gave  the  title  of  Resoluta*,  on  account  of 
their  clearness.  But  notvrilbstaiiding  his  gn'Rt  knowledge, 
he  was,  after  the  custom  of  tbe  times,  much  addicted  to 
judicial  astrology,  which  he  took  great  pains  to  improve. 
The  list  of  bis  writings  » chiefly  as  follows: 

i.  Three  Books  of  Judicial  Astrology.  . * * 

3.  'I'lie  /Utnvnomical  Tables  named  Resolutr. 

3.  De  Usu  Globi  Stclliferi;  De  Composiiionc  G'obt 
Ccclcstis;  De  Usu  Globi  TerresUis,  et  de  Composttioue 
ejusdem.  « 

4,  i^quatorium  Astronomicum. 

3.  Lil^llus  de  Diilantiis  Locoruro  per  liutrumentum 
et  Nuineros  Invesligandis.  *» 

6.  Dc  Composiiionc  Torqueli. 

7.  In  Constructionem  et  Usum  Rertanguli  sive  Radii 

Astronomic!  Annototiones.  * 

8.  Horarii  Cylindri  Canotic'S. 

9*  FUmispbicriuin,  sou  Metcoriscopium. 

10.  Orgaiium  Uranicum. 

Ji.  JnstruQicnturo  Impcdirocntorum  Lunae. 

« All  printed  at  Nuremburg,  in  (6lio«  1331. 

Of  these,  the  large  treatise  of 
more  known  in  the  learned  world  than  all  nis  other  works 
besides;  iq  which  he  discovers  a surprising  genius  and 
fund  of  Icarnipg'of  that  kind* 

SCHOOLpR  place  where  languages,  or  arts  and  sciences, 
&c,  are  taught. 

^iiooL  IS  alto  used  for  a whole  faculty,  university, 
or  sect;  ns  Plato’s  school,  the  school  of  Kpicuius,  tbc 
school  t»f  Paris,  &:c.  Tlw  school  of  Tiberias  was  cele- 
brated among  the  ancient  Jews;  anti  it  is  to  this  we  owe 
the  Massora.  and  Mass^^retes. 

.School  Philowph^t  &c.  the  same  with  tcholostic.  • 

SCHOOTEN  (Francis),  was  a professor  of  nmthr- 
Biatics  at  Leyden,  being  a very  acute  and  rcspociahle 
proficient  in  that  science.  He  published,  in  U»49,  an 
edition  of  Di'scarles's  Geometry,  with  learned  and  ctabu- 
nile  annotations  on  that  work,  as  also  those  of  Ueaunie 
Huddc,  and  Van  Ileaurall.  Schooten  published  aUo 
two  very  useful  and  learned  works  of  his  own  compoai- 
tioDi,  viz, 

I.  Principia  Mathrscos  Univers. «StC,  4lo,  lC3l. 

3,  K.\ercitationcs  Mathematica.*,  4to,  16*37. 

SCIAGR.APHV,  or  SciooRArnv,  tbe  profile  or  ver- 
tical HXtion  of  a building ; used  to  show  the  inside  of  it. 

SciAORAPiiY,  in  Astronomy  Atc,  is  a term  used  Ly 
some  authors  fur  the  art  of  finding  4be  hour  of  the  day 
or  night,  by  the  shadow. of  tbc  sun,  moon,  stars,  biC,  See 
Dial. 

SCIENCE,  a clear  and  certain  knowletlgo  of  any  thing, 
fouaded  on  demonstration,  or  on  self-evident  principled 
In  this  sense,  doubting  is  opposed  lu science;  and  opinion 
is  the  middle  between  tbe  two.  • 

Science  is  more  particularly  used  foruiurmed  system 
of  any  branch  of  kiiowU'ilge,  comprehending  the  dirctrine^ 
reason,  and  theory  of  the  thing,  without  any  immediate 
application  of  it  toany  usesoroflices  of  life.  AndinUiis 
sense,  the  word  U used  in  opposition  to  ait. 
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Science  may  be  divided  into  thn>e  : Tint,  the 

knowledge  of  thing*,  their  constitutions,  propcrtiev.' end 
operaiinm^  whether  material  or  immaterial.  And  thU, 
in  A little  more  rnlai^ed  sense  of  the  word,  may  be  called 
pbysir>>,  or  natural  philosophy.  Secondly,  the  skill  of 
riglilly  applying  our  own  power*  nnd  actions  for  the  at- 
tainment of  and  useful  things,  as  Ethics.  Thirdly, 
the  doctrine  of  signs  ; as  words,  logic,  &cc. 

SCIENTIFIC,  or  SciEKTirtCaL,  something  relating 
to  the  pure  and  subliincr  sciences;  or  that  abounds  in 
science,  or  knowledge.  A work,  or  method,  Ac,  is  said 
to  be  »cietitidcal,  when  it  is  founded  on  the  pure  reason 
of^hifigs,  or  conducted  wholly  on  the  principles  of  them. 
In  which  sense  the  word  stands  opposi'd  to  narrative,  ar- 
bitrary, opinionative,  positive,  tentative,  ^c. 

SCIOPTIC,  or  SciopTRic  Bali^  a sphen*  or  glohe  of 
wood,  with  a circular  hole  or  perforation,  wlicre  a lens  is 
placed.  It  is  so  htted  that,  like  the  eye  of  an  animal,  it 
may  be  turned  round  every  way,  to  be  u^d  in  making 
experiments  of  the  darkened  room,  or  camera  obscura. 

SCIOl^'FRICS.  ReeCaMtR.s  Obscura. 

SClOTHERICt'M  Tdescopiam,  is  an  horifcmtul  dial, 
adapted  witli  a teK*scopc  for  observing  the  true  time  both 
by  i!ay  and  night,  to  regulate  and  adjust  pendulum 
clucks,  watches,  and  other  time-keepers.  It  was  invented 
by  Mr.  Molyneux,  who  published  a book  with  this  title, 
which  contains  an  accurate  description  of  this  Instrument, 
with  all  Its  use*  and  applications. 

SCLEROTICA,  one  of  the  common  membmnes  of  the 
eye,  tm  its  hinder  part.  It  is  a largi*,  thick,  firm,  hard, 
opaque  membrane,  extended  from  the  external  circum- 
ference of  the  cornea  to  the  optic  m*rve,  and  forms  much 
of  the  greater  pari  of  the  external  globe  of  the  eye.  The 
sclerotica  anri  the  cornea  compose  the  case  in  which  all 
the  internal  coats  of  the  eye  and  its  humours  are  con- 
tained. 

SCONCES,  small  forts,  built  for  the  defence  of  some 
pass,  river,  or  other  place.  Some  sconces  are  made  re 
gnlar,  of  four,  five,  or  six  bastions ; others  are  of  smaller 
dimensions,  fit  for  passes,  or  riven;  and  others  for  the 
field. 

SCORE,  in  Music,  denotes  partition,  or  the  original 
draught  of  the  whole  coinpovitfon,  in  which  the  several 
parts,  vis,  the  treble,  second  treble,  bass,  Ac,  are  distinctly 
scored,  and  marked. 

SCORPIO,  the  Scorpion,  the  8lh  sign  of  the  sodinc, 
denoted  by  the  character  tR,  being  a rude  design  of  the 
animal  of  that  name. 

The  Greeks,  who  would  be  supposed  the  founders  of 
astronomy,  and  who  have,  with  that  Intent,  applied  some 
story  or  other  of  their  owm,io  every  one  of  the  comtclla- 
lions,  give  a very  singular  account  of  the  origin  of  this 
sign.  They  trll  ns  that  this  is  the  creature  which  killed 
Orion  ; and  according  to  them  the  famuin  hunter  of  that 
name  boasted  to  Diana  and  I^tona,  that  he  would  destmy 
every  animal  that  was  upon  the  earth  ; the  earth,  they 
say,  enraged  at  this,  sent  forth  the  poisonous  reptile  the 
scorpion,  which  insignificant  creature  stung  him,  that  he 
died.  Jupiter  then  raised  the  scorpion  to  the  heavens, 
giving  him  this  place  among  the  constrllaiions ; and  that 
afterwards  Diana  requested  of  him  to  do  the  same  honour 
to  Orion,  which  he  at  last  consented  to,  but  placed  him 
in  such  a situation,  that  when  the  scorpion  rises,  he  sets. 

But  the  Egyptians,  nr  whatever  early  nation  it  was  that 
framed  the  sodiac,  probably  placed  this  poisonous  reptile 


in  that  part  of  the  heaves  to  denote  that  when  the  sna 
arrived  at  it,  fevers  and  sicknesses,  the  maladies  of  au- 
tumu,  would  tK*gjn  to  rage.  This  they  represented  by  an 
animal  whose  sting  was  of  such  a nature  as  to  occasion 
some  uf  them  ; and  it  was  thus  they  formed  all  the  con- 
stellations. 

llie  ancients  allotted  one  of  the  twelve  principal  among 
their  deities  to  be  the  guardian  for  each  of  the  12  signs 
of  the  zodiac.  Hie  scorpion,  as  their  history  of  it  made 
it  a fierce  and  fatal  animal  that  had  killed  the  great 
Orion,  fell  tmiurully  to  the  protection  of  the  god  of  war; 
Mars  is  then  fore  its  tutelary  deity;  and  to  this  single 
circumstance  is  owing  all  that  jargon  of  the  astrologers, 
who  tell  us  that  there  ts  a great  analogy  between  the 
planet  Mars  and  the  consieUaiinn  scorpio.  To  this  also 
is  owing  the  doctrine  of  the  alchymists,  that  iron,  which 
they  call  Mars,  is  also  under  the  dominion  of  the  same 
constellation,  and  that  the  imnsmuintion  of  that  metal 
into  gold  can  only  be  performed  when  the  son  is  in  this 
sign. 

The  stars  in  scorpio,  in  Ptolemy’s  catalogue,  are  24 ; 
in  that  of  Tycho  10,  in  that  of  Hevelius  20,  but  in  that 
of  Flamsteed  and  Sharp  44. 

ScoRPloR  is  aUo  the  name  of  an  ancient  military  en- 
gine, used  chiefly  in  the  defence  of  the  walls,  Ac.  Mar- 
cellintis  describes  tbr  scorpion,  as  consisting  of  two  beam's 
bound  together  by  ropes;  from  (hr  middle  of  which  rose 
a third  tn-am,  so  disposed,  as  to  be  pulled  up  and  let 
down  at  pleasure;  and  on  the  top  of  this  were  fastened 
imn  hooks  where  a sling  was  hung,  either  of  iron  or 
hemp;  and  under  the  third iieani  lay  a piece  of  hair- 
cloth full  of  chaff,  tied  with  cords.  It  had  its  name  Scor- 
pio, hecanse  when  the  long  beam  or  tiller  was  erected,  it 
had  a sharp  top  like  a sling. 

To  use  the  engine,  a round  stone  was  put  into  the  sling, 
and  four  persons  on  each  side,  loosening  the  beams  bound 
by  the  ropes,  drew  back  the  erect  beamto  the  hook  ; then 
the  engineer,  standing  on  an  eminence,  gave  a $rn»kc  with 
a hammer  on  the  chord  to  which  the  beam  was  fastened 
with  its  hook,  which  set  it  at  liberty;  so  that  hitting 
against  the  soft  haircloth,  it  struck  out  the  stone  with  a 
great  force. 

SCOTIA,  in  Architecture,  a semicircular  cavity  or 
channel  between  the  tores,  in  (he  bases  of  columns;  and 
Sometimes  under  the  larmier  or  drip,  in  the  cornice  of  (he 
Doric  order.  I'he  workmen  often  call  it  the  casement, 
and  it  is  also  otherwise  called  the  Truchilos. 

SCOTP  (Georoe  Lewis),  a learned  and  respectable 
member  of  the  Royal  Society,  and  of  the  Board  of  Longi- 
tude. He  was  the  eldest  son  of  Mr.  Scott  of  Bristow,  in 
Scotland,  who  married  Miss  Stewart,  daughter  of  sir 
James  Stewart,  who  was  lord  advocate  of  Scotland  in  the 
time  of  K.  William  and  Q.  Anne.  That  lady  was  also 
his  cousin-german,  their  mothers  being  listers,  and  both 
daughters  of  Mr.  Robert  Trail,  one  of  the  ministers  of 
Edinburgh,  of  the  same  family  as  the  rev.  Dr.  Wm. 
Trail,  the  learned  author  of  the  Account  of  the  Life  and 
Writings  of  Dr.  Rob.  Siroson,  professor  of  matheraaiics  at 
Glasgow. 

Mr.  Scott  (the  father),  with  his  family,  lived  many  yean 
abroad,  in  a public  character;  and  be  had  three  sons 
born  while  residing  at  the  court  of  Hanover.  The  eldest  of 
these  was  our  author  Geoige  Lewis,  named  (in  both  these 
names)  after  his  godfather  the  Elector,  who  was  after- 
wards Gaorge  the  lit  of  Britain.  Geo.  Lewis  Scott  was  a 
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genllt  man  of  resp^lable  («lenu  and  genoral  learning;  he 
wan  a eli  skilled  also  in  all  the  maibematical  sciences ; for 
which  be  manifested  at  times  a Hne  and  critical  taste,  as 
may  be  particularly  seen  in  some  letters  which,  in  the 
year  176'4,  passed  io  a literary  correspondence  between 
him  and  I>r.  Simson  of  Glasgow,  and  inserted  in  Dr. 
Trails  Account  of  the  Life  and  Writings  of  Dr.  Simson, 
pa.  113,  Sec,  Mr.  G.  L.  Scott  was  <the  author  of  the 
Supplement  to  Chambers’s  Dictionary,  in  2 large  folio 
volumes,  which  was  much  esteemed,  aoil  fur  which  be  rt*- 
ccived  J5<K)I.  from  the  booksellers,  a considerable  price 
at  (he  (iine  of  that  publication.  Mr.  Scott  was  sub-pre* 
ceplor,  for  the  Latin  language,  to  bis  present  Majesty, 
George  the  3J,  when  Prince  of  Wales.  After  that  be  was 
appointed  a commissioner  of  excise  ; a situation  which 

friends  have  considered  as  not  adequate  to  bU  past  de- 
serts, and  inferior  to  what  he  probably  would  have  had, 
but  for  the  fraedoia  of  bis  political  opinions.  Mr.  l^utt 
died  the  7tb  of  December,  17^0. 

SCRLW,  ono  of  the  sif  mechanical  powers;  chiefly 
used  io  pressing  bodies  close,  though  sometimi*s  also  in 
rabing  weights.  * 

The  screw  b a spiral  thread  or  groove  cut  mund  a cy- 
linder, and  everywhere  making  the  same  angle  with  the 
length  of  it.  So  that,  if  the  surface  of  the  cylinder,  with 
this,  spiral  thread  u^Km  it,  were  unfolded  and  stretched 
into  a plane,  the  spiriU  thread  would  form  a straight  in- 
clined plane,  whose  length  would  be  to  its  height,  as  the 
circumlmoce  of  (he  cylinder  is  to  the  distance  between 
two  threads  of  the  screw;  as  is  evident  by  considering, 
that  in  making  one  round,  the  spiral  rises  along  the  cy- 
linder the  distance  between  the  two  threads. 

lienee  the  threads  of  a screw  may  be  traced  upon  the 
fmootU  surface  of  a cylinder  thus  : cut  a sheet  of  paper 
into  (he  form  of  a riglit-angled  triangle,  having  its  btur  to 
its  height  in  the  above  proportion,  via,  as  the  circum- 
ference of  the  cyhodcr  of  the  screw  is  to  the  intended 
distance  between  two  threads;  then  wrap  this  paper  tri- 
angle about  (he  cylinder,  ami  the  hypothenuse  of  it  will 
trace  out  (ha  line  of  the  spiral  thread. 

Wlien  (he  spiral  thread  is  upon  the  outside  of  a cylin* 
diH*,  the  screw  is  said  to  be  a male  or  coni-ex  one.  But 
if  the  thread  be  cut  along  the  inner  surface  of  a hollow 
cylinder,  or  a round  perforation,  it  is  said  to  be  female  or 
concave.  And  ibis  latter  b also  someumes  called  the 
box  or  nut 

When  motion  is  to  be  given  to  something,  the  male  and 
female  screw  arc  necessarily  conjoined  ; that  is,  whenever 
the  screw  U to  be  used  as  a simple  engine,  or  mechanical 
power.  But  w hen  joined  with  an  axis  in  peritroebio,  there 
is  DO  occasion  for  a female  screw  ; but  in  that  case  it  be- 
comes part  of  a compound  engine. 

The  screw  cauoot  properly  be  called  a simple  machine, 
because  it  is  never  umU  without  the  application  ufa  lever, 
or  winch,  (o  ambt  in  turning  it. 

O/  the  Foret  omi  Power  qf*  tkt  Screw. 

1.  The  foroe  of  a power  applied  to  turn  a screw  round, 
is  to  the  force  with  which  it  presses  upwards  oY  down- 
wards, setting  aside  the  friction,  as  the  distance  between 
two  threads,  is  to  the  circumference  where  the  power  it 
applied.— For,  the  screw  being  only  an  inclined  plane,  or 
half  wedge,  whose  height  is  the  distance  between  two 
threads,  and  its  base  the  said  dreuraferener ; and  tha 
force  in  the  horizontal  direction  being  to  that  in  the  ver- 
tical one  as  the  lines  perpendicular  to  them,  «is,  as  the 


height  of  the  plane,  ol-  distance  of  the  two  threads,  is  to 
(be  base  of  the  plario,  or  circumference  at  the  place 
where  the  power  is  applied ; then^forc  (he  power  is  to  the 
pressure,  as  (hr  distance  of  two  threads,  it  to  that  cir- 
cumference. • 

Or  (he  tame  may  be  otherwise  shown  (bus.  Since  the 
ruoroentum  which  any  power  generates,  is  equal  to  ilie 
raomentura  of  that  power ; therefore  the  momentum  of 
(he  screw,  is  equal  to  the  niumentuni  of  the  force  ap* 
plied  to  move  it ; wbicii-  last  is  measured  by  the  space 
passed  over  by  the  power  in  a given  time.  But  (his  '‘pace 
IS  the  circumference  of  a circle  of  which  the  lever  is  the 
radius,  while  the  space  passed  over  by  the  screw,  in  the 
same  time,  is  only  equal  to  the  breadth  of  the  threads, 
(hcreforo  the  force  or  power  of  the  screw,  is  to  the  power 
applied  to  move  it,  as  the  space  passed  over  by  the  screw, 
to  the  space  passed  over  by  the  power  ; that  is,  as  the 
breadth  of  the  threads  to  the  circumference  where  the 
power  is  applied. 

S.  Hence,  when  the  screw  is  put  in  motion ; then  the 
power  IB  to  (he  weight  which  would  keep  it  in  equiiibrio, 
'as  the  velocity  of  the  latter  is  to  that*  of  the  furniCr. 
And  hence  their  two  momenta  are  equal,  which  are  pro- 
duced by  multiplying  each  weight  or  power  by  its  own 
velocity.  Two  diflercni  forms  </f  scrcw-presscs,  arc  as 
below. 


3.  Hence  we  can  easily  compute  (lie  force  of  any  ma- 
chine turned  by  a screw.  Let  (he  annexed  figure  repre- 
sent a preas  driven  by  a screw,  whose  threads  are  each 
a quarter  of  an  inch  asunder;  and  M (he  screw  be  turn- 
ed by  a handle  of  4 feet  long  from  c to  o ; then  if  the 
natural  force  of  a man,  by  which  he  can  lift,  or  pull, 
or  draw,  be  150  pounds  ; and  it  he  rcquiit'^l  to  ^termine 
with  what  force  the  screw  will  pms  on  the  board,  when 
the  man  turns  the  handle  at  c and  d with  h|s  whole  force: 
the  diameter  CD  of  the  power  being  4 feet,  or4B  inchea, 
its  circumference  is  4S  « S*l4l6  or  150^  nearly ; and  the 
distance  of  the  threads  being  | of  an  inch  ; therefore  the 
power  is  to  (he  pressure,  as  | to  150f,  or  as  1 to  603| : 
but  the  power  is  equal  to  l5Ulb;  therefore  as 
1 : t>03f  : : 150  : 90480 ; and  consequently  (he  pressure 
at  the  bottom  of  the  screw,  is  equal  (o  a weight  of 
904HO  pounds,  independent  of  friction. 

But  tiic  power  Has  to  overcome,  not  only  the  weight,  or 
other  assistance,  but  also  the  friction  of  the  screw,  which 
in  <his  machine  is  very  ^reat,  in  some  cases  etjual  to  (ha 
weight  itself,  since  it  is  soinelimet  sufficient  to  sustain  (be 
weight  when  (he  power  is  taken  olT. 

Mr.  Hunter  has  described  a new  method  of  applying  the 
screw  with  advantage  in  particular  cases,  in  the  Pbilns. 
Trana.  vol.  71,  pa.58fSrc.  A brief  aooount  of  which  may 
also  be  seen  in  Gregory's  Mechanics,  vol.  1,  pa.  99. 
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T}fC  lEndUu  Sciiev,  or  PcrptiHAl  Screw,  it  one  which 
works  in.  nnd  luriis.  a denied  wheel  0r,  without  a concave 
screw  ; l>eir><;  so  railed  tn'causc  it  may  be  tunicd  for  ever, 
without  coming  to  nn  end.  From  the  following  figures  it 
is  evident,  that  while  the  screw  turns  once  round,  (he 
wheel  . only  advances  the  dfsioiicc  of  one  tooth. 


endless  screw  ab,  buto  the  weight,  in  a ratio  Compounded 
of  the  peripbcry'of  the  axis  of  the  wheel  Eli,  to  the  po 
riphery  described  by  the  power  in  turning  the  handle, 
and  of  the  revolutions  of  the  wheel  Dr  to  the  revolutions 
of  the  screw  cb,  the  power  will  balance  the  weight. 
Hence, 

2.  .\s  the  motion  of  the  wheel  is  very  slow,  a small 
power  may  raise  a very  great  weight,  by  means  of  an  end* 
less  screw.  And  therefore  the  chief  use  of  such  a screw 
is,  eitlier  where  a great  weight  is  to  raised  through  a 
small  space  ; or  where  only  a slow  gentle  motion  is 
wanted.  For  which  reason  it  is  very  useful  in  clocks 
and  watches. 

3.  Having  given  the  number  of  teeth,  the  distance  of 
the  power  from  the  centre  of  the  screw  b,  the  radius  of 
the  axis  iiBt  and  the  power  ; to  find  the  weight  it  will  raise. 
Multiply  the  distance  of  the  power  from  the  centre  of  the 
screw  AB,  by  the  number  of  the  teeth,  and  the  product 
will  be  the  space  passed  through  by  the  power,  while  the 
weight  passes  through  a space  equal  to  the  periphery  of 
the  axis : then  say,  as  the  radius  of  the  axis  is  to  the  space 
of  the  power  just  found,  so  is  the  power  to  a 4th  prnpor* 
lional,  which  will  be  the  weight  (he  power  is  able  to  sus« 
tain.  Thus,  if  ab  = 3,  the  radius  of  the  axis  he  s 1, 
the  power  130  pounds,' and  the  numbiT  of  teeth  cif  thq 
wheel  Dr  4$;^  then  the  weight  will  bo  fountl'S  ^lOOO 
= 3 X 130  X 48.  Whence  it  appears  that  the  endless 
screw  excci'ds  all  others  in  increasing  the  force  of  a 
power. 

Again,  if  the  endless  screw  a'b  be  turned  by  the  handle 
AC  of  20  inches,  the  threads  of  the  screw  being  each  4 ed 
inch  distant ; and  the  screw  turnsa  toothed  wheel  B,  whose 
pinion  l turns  another  wheel  r,  find  pinion  si  of  tbia 
another  wheel  o,  to  the  pinion  or  barrel  of  which  is  bung 
a weight  w ; it  is  required  to  determine  what  weight  a roan 
will  be  able  (o  raise,  with  this  machine,  working  at  the 
handle  c;  sopposing  the  diameters  of  the  wheel  to  be  18 
inches,  and  those  of  the  pinion  and  barrel  2 inches;  the 
teeth  and  pinions  being  all  of  a site;  and  the  man  sup- 
posed, as  hi  the  former  cok,  to  be  able  to  lift  130lbs,  by 
his  natural  strength. 

Here  20  x 3*14l6  x 2 a 123*6(^4,  is  the  circumfe- 
icoce  of  the  power. 

And  I25'6&k:tf  or25l'32&;  I,  is  the  force  of  the 
screw  alone. 


Also  1 6 : 2,  or  9 : I , being  the  pro- 
portion of  wheels  to  the  pinions,  aud 
as  there  are  three  of  them,  therefore 
9*  : I*  or  729  : 1 is  the  power  gained 
by  tbc  wbeels. 

Consequently  (23l‘3?8  x 72y):  1 
or  183218  : 1 nearly,  is  the  ralm  of 
the  power  to  the  weight,  arising  from 
the  advantage  boUi  of  the  screw  and 
(he  wheels.  Hence  130  x 183218' 
s 27482700  lbs,  is  the  weight  which  the  man  may 
sustain. 

This  must,  however,  only  bw  considered  as  theoretical ; 
for  in  practice  the  friction,  which  is  very  great,  must  of  f 
course  enter  into  cunsiderati-  n. 

4.  A machine  for  showing  the  power  of  the  screw  may 
be  contrived  in  the  following  manner.  Let  the  wheel  c 
(last  fig.  former  column),  have  a screw  mb  on  its  axis, 
working  in  the  teeth  of  the  wheel  o,  which  suppose  to  be 
48  in  number.  It  is  plain  thgt  for  every  revolution  of  tbc 
wheel  c,  and  screw  by  the  winch  a,  the  wheel  d will 
be  moved  otw  tooth  by  the  screw  ; and  therefore  in  48  re- 
volutions of  the  winch,  the  wheel  d will  be  turned  once 
round.  Then  if  the  circuiiilcrence  ot'  a circle,  described 
by  the  handle  of  the  winch,  be  equal  to  the  circumfer- 
ence of  a groove  e round  tbc  wheel  d,  the  velocity  of  the 
handle  will  be  48  times  as  great  as  the  velocity  of  any 
given  point  in  the  groove.  Conaequently  when  a line  g 
goes  round  the  groove  c,  and  ha*  a weight  of  48)b  hung 
to  it  below  the  pedestal  xr,  a power  equal  to  one  pound 
at  the  handle  will  balance  and  support  the  weight. 

ArcHtnedn's  Screw,  is  a spiral  pump,  being  a machine 
for  raising  water,  first  invented  by  him.  Its  structure  and 
use  will  be  understood  by  the  following  ilrscription  of  i|. 
ABCD  (PI.  28,  fig.  6')  is  a wheel,  which  is  turned  round, 
according  io  the  order  of  those  leiten*  by  the  fall  of  water 
EF,  which  need  not  be  more  than  3 fci-t.  The  nxir  o of 
the  wheel  is  rais<^  so  as  to  make  nn  angle  of  about  44** 
with  the  horizon;  and  on  the  tfip  of  that  axle  is  a wheel 
II,  which  turns  such  another  wheel  l of  the  same  numbef 
A)f  teeth  ; the  axle  k of  this  last  wheel  being  parallel  to 
(be  axle  o of  the  two  former  wheels.  The  axle  o is  cut 
into  u double  threaded  screw,  as  in  the  annexed  figure 
(fig*  7)>  exactly  resembling  the  screw  on  the  axis  of  the 
fly  of  a common  jack,  which  roust  be  wbat  is  called  a 
right-handed  screw,  if  the  first  wheel  turns  in  the  direction 
ABCD;  but  u K-ft'handcd  screw,  if  the  stn'am  turns  the 
wheel  the  contrary  way ; and  tbc  screw  on  the  axle  c 
must  be  cut  hi  a coiitrar)'  way  to  that  on  the  axle  k,  be- 
cause these  axles  turn  in  contrary  directions.  These 
screws  must  be  covered  close  over  with  boards,  like  those 
of  a cylindrical  cask  ; and  then  they  will  be  spiral  tubes. 
Or  they  may  be  made  of  tubes  nr  pipes  of  lead,  and  wrapt 
round  the  axlca  in  shallow  grooves  cut  in  it,  as  in  figure  8. 
The  lower  end  of  the  axle  o turns  constantly  in  the  stream 
that  turns  the  wheel,  and  the  lower  ends  of  the  spiral  tubes 
are  open  into  the  water.  So  that,  as  (be  wheel  and  axle 
are  turned  round,  the  water  rises  in  (be  spiral  tubes,  and 
runs  out  at  l through  the  holes  m,  iv,  as  they  come  about 
below  the  axle.  These  holes,  of  which  there  may  U*  any 
Dumber,  as  4 or  6,  are  in  a broad  close  ring  on  Iho  top 
of  the  axle,  into  which  ring  the  water  is  delivered  from 
the  upper  open  ends  of  the  screw  tubes,  and  falls  uito  the 
open  box  k.  The  lower  end  of  the  axle  k turns  on  m 
gudgeon  in  the  water  in  n ; aud  the  spiral  tubes  ia  that 
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Axle  lake  up  the  water  from  k,  and  deli^'rr  it  into  another 
lucb  box  under  the  tup  of  a ; on  which  there  may  be 
aucb  auutbcr  wheel  at  i,  to  turn  a ihind  axle  by  such  a 
wheel  upon  it.  And  m this  manner  may  water  be  raised 
to  any  proposed  height^  when  there  is  a stream  sufficient 
for  that  purpose  to  act  on  the  broad  fioal  boards  of  the 
first  wbtel.  Archinunles  s screw,  or  a still  simpler  form 
of  it.  is  also  rcpn'senied  in  fi/.  p. 

SCltOLLi).  nr  Scaowts,  or  Fo/wref,  a term  in  Archi- 
tecture. . bee  VoLUTwa. 

SCUUI’LIC,  the  least  of  the  wiights  used  by  the  ai>- 
cients.  Amuiig  the  Homans  it  was  the  24lh  part  of  an 
ounce,  or  the  third  part  ot  a drachm. 

ScnurLC  is  still  p small  wngbt  among  us,  equal  to  20 
grains,  or  the  3d  part  of  a drachm.  Among  goldsmiibs 
the  scruple  is  24  grains. 

ScRUfLa,  in  Chronology,  aiinall  portion  of  time  much 
used  by  the  Chaldi-ans,  J>  w«,  Arabs,  and  other  eastern 
people,  in  computations  of  time.  It  is  tbe  lOSOili  part  of 
an  hour,  and  by  the  Hebrews  called  Hclakin. 

Scruples,  in  Astronomy.  As 

Scruples  EcUpsed,  denote  that  part  of  the  moon’s 
dialhetet  which  enters  the  shadow,  expressed  m the  same 
iiuRSure  in  which  the  apparent  diameter  of  tbe  moon  is 
expressed.  See  Digit. 

Scruples  of  Haf  Duratiox,  an  arch  of  the  moon's 
orbit,  described  by  her  from  the  beginning  of  an  eclipse 
to  Its  middle. 

Scruples  <f  /waieriioii,  or  /acideace,  an  arch  of  tbe 
moon’s  orbit,  which  her  centre  dcscribi'S  from  tbe  begin- 
ning of  the  eclipse,'  to  the  lime  when  the  centre  falls  into 
the  shadow.  Sw  Immfrsion. 

Scruples  (f  Ememon^  an  arch  of  tbe  moon’s  orbit, 
which  her  centre  describe*  in  the  time  from  the  first  emer- 
sion of  the  moon’s  limb,  to  the  end  of  the  cclip&c. 

SEA,  in  Geography,  is  frequently  uwd  fur  that  vast 
tract  of  water  encompassing  the  whole  earth,  more  pro- 
perly called  ocean.  But 

SxA  is  more  pruporl)  used  for  a particular  part  ur  di- 
vision of  the  ocean,  denominated  frym  the  countries  it 
washes,  or  from  other  circumstances.  Thus  we  say,  the 
Irish  sea,  the  Mediterranean  K*a,  tbe  Baltic  sea,  ibc  Red 
sea,  Ac. 

Sea  among  sailors  is  variously  applied,  to  a single  wave, 
or  to  tbe  agitation  produced  by  a multitude  of  waves  in  a 
tempest,  or  to  their  particular  progn-ss  and  direction. 
Tlius  they  say,  a heavy  sea  broke  over  our  quarter,  or  we 
shipped  a heavy  sea ; there  is  a great  >ea  in  the  oQing ; the 
sea  scU  to  tbe  southward,  llcncc  a ship  is  said  to  head 
tbe  sea,  when  her  course  is  opposed  to  the  setting  or  di- 
rection of  the  surges.  A Long  .Sea  implies  a stt-^y  and 
uniform  motion  of  long  and  extensive  waves.  On  the  con. 
trary,  a Short  Sea  is  when  they  run  irregularly,  broken, 
and  interrupted,  so  as  frequently  to  bur»t  over  a vessel’s 
tide  or  quarter.  . 

Propertits  aitd  AJfections  tf  the  Sea. 

].  General  Slotion  qf  the  Sen,  .M.  Dassie  of  Paris,  in  a 
work  long  since  published,  has  bet'ii  at  great  pains  to  prove 
that  tbe  sea  has  a general  motion,  independent  of  winds 
and  tides,  and  of  more  consequence  in  navigation  than  is 
usually  supposed,  lie  affirms  that  this  roution  is  from 
east  to  west,  inclining  toward  the  north  when  the  sun  is 
on  the  north  side  of  tbe  equinoctial,  but  toward  tbe  south 
when  he  b on  tbe  MUth  side  of  it.  Philoa.  Trans. 
No,  135. 


2.  Eaton  or  Bottom  the  &a,  or  Fandat  Maris,  a 
term  used  to  express  the  bed  or  bottom  of  the  sea  in  ge- 
hcni).  Mr.  Boyle  has  published  a treatise  on  this  subject, 
in  w hich  he  has  given  un  account  of  its  irregularities  and 
various  depths,  founded  on  tfaeobsi'rvations  communicated 
to  him  by  mariners. 

Count  Marsigli  has,  since  Doyle’s  time,  given  a more 
accurate  account  of  this  part  of  the  globe.  The  materials 
which  compose  the  bottom  of  the  sea,  may  reasonably  bo 
supposed,  in  some  degree,  to  mfluencc  the  taste  of  its 
waters;  and  ibis  author  ha»  made  many  experiments  to 
prove  that  fossil  coal,  and  other  bituminous  substances, 
which  arc  found  in  plenty  at  the  bottom  of  the  sea,  may 
conimunicalc  in  a great  measure  its  biUcrneA  to  it. 

It  i|  a general  rule  among  sailors,  and  is  found  to  hold 
true  in  many  instances,  that  the  mure  the  shores  of  any 
place  are  sleep  and  high,  forming  perpendicular  clifls,  the 
deeper  the  sea  is  below  ; and  that  on  the  contrary,  level 
shores  denote  shallow  sews.  Thus  the  det'peit  part  of  the 
Mediterranean  is  gcrserally  allowed  to  be  under  tbe  height 
of  Malta.  And  the  obiwrvation  of  tbe  strata  of  earth  and 
other  tovsils  on  and  near  the  short's,  may  serve  to  form 
a good  Judgment  as  to  the  materials  lu  be  found  in  its 
bottom.  For  the  veins  of  salt  and  uf  bitumen  doubtUss 
run  on  the  same,  and  in  the  same  order,  as  we  see  them 
at  land  ; and  the  strata  of  rocks  that  serve  to  support  the 
earth  of  biHs  and  elevated  places  on  shore,  serve  also,  in 
the  same  continued  chain,  to  support  the  immense  quan- 
tity* of  water  in  (be  bason  of  the  set. 

The  coral  fisheries  have  given  occasion  to  observe  that 
there  are  many,  and  those  very  large  caverns  or  hollows 
in  the  bottom  of  the  sea,  especially  where  it  is  rocky  ; and 
the  same  caverns  arc  sometimes  found  in  the  perpendicu- 
lar rocks  which  form  the  sleep  sides  of  those  fisheries. 
These  caverns  are  often  of  git'at  depth,  as  well  as  e.xteni, 
and  have  sometimes  wide  muulhs,  and  sometimes  only 
narrow  entrances  into  large  and  spacious  hollows. 

The  bottom  of  tbe  sea  is  covered  with  a variety  of  mat* 
ters,  such  as  cuuld  not  be  imagined  by  any  but  those  who 
have  examined  into  it,  es|>ccially  in  deep  water,  where 
the  surface  only  is  disturbed  by  tidt'S  and  storms,  the  lower 
part,  and  cooscqueiiiiy  its  bed  at  the  bottom,  remaining 
for  ages  perhaps  undisturbed.  The  soundings,  when  tbe 
plummet  . first  touches  the  ground  on  approaching  the 
shores,  give  some  idea  of  this.  The  bottom  uf  (he  plum- 
met is  hollowed,  and  in  that  hollow  there  is  placed  a lump 
of  tallow  ; which  being  tbe  part  that  first  touches  tbe 
grourul,  the  soft  nature  of  the  fat  receives  into  it  some 
part  of  those  substances  which  it  meets  with  at  the  bottom: 
this  matter,  thus  brought  up,  is  sometimes  pure  sand, 
sometimes  a kind  of  sand  made  of  the  fragments  of  shells, 
beaten  to  a kind  of  powder,  sumetitnesit  is  made  of  a like 
powder  of  the  several  sorts  of  corals,  and  sometimes  it  is 
composed  of  fragments  of  rucks  ; but  besides  these  appear- 
ances, which  are  natural  enough,  and  are  whai  might  w;ell 
be  expected,  it  brjngs  up  substances  which  arc  of  tbe 
mo^t  beautiful  colours.  Mursigli  Hist.  Pbyt.  de  U Mcr. 

Dr.  Donati,  in  an  Italian  work,  containing  an  essay 
towards  a natural  history  of  the  Adriatic  sea,  printed  at 
Venice  in  1750,  has  related  many  curious  observations  on 
this  subject,  and  which  confirm  the  observatioDt  of  Mar- 
sigli.  Having  carefully  examined  the-  soil  and  produc* 
lions  of  tbe  various  epuntries  that  surround  the  Adriatic 
sea,  and  compared  them  with  those  which  be  took  up 
from  the  bottom  of  tbe  sea;  be  found  that  there  ia  vary 
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Ulllc  difference  between  the  fonn«T  and  the  latter.  At 
the  bottom  of  (be  water  there  arc  mountains,  plains,  val- 
leys, and  caverns,  similar  to  those  upon  land.  The  soil 
■consists  of  didert  nt  strata  placed  one  upon  another,  and 
mostly  parallel  and  c<»rrespomii'iit  to  those  of  the  rocks, 
islands,  and  neighbouring  coulincnls.  They  contain 
stones  of  different  kinds,  minerals,  metals,  various  putre* 
bed  bodies,  pumice  stones,  and  lavas  formed  by  volcanos. 

One  of  the  objects  which  most  exciti*d  his  attention, 
was  ft  crust,  which  he  discovered  under  the  water,  com* 
posed  of  crustaceous  and  testaceous  bo<lies,  and  beds  of 
polypes  of  different  kinds,  confusedly  blended  with  earth, 
sand,  and  gravel;  the  different  marine  bodies  which  form 
this  crust,  arc  found  at  the  depth  of  a foot  or  more,  en- 
tirely pethlicd  and  reduced  into  marble;  these  he. sup- 
poses are  naturally  placed  under  the  sea  when  it  covers 
them,  and  not  by  means  of  volcanos  and  earthquakes,  as 
some  have  conjectured.  On  this  account  he  imagines  that 
the  bottom  of  the  sea  is  constantly  rising  higher  and  higher, 
with  which  other  obvious  causes  of  increase  concur;  and 
from  this  rising  of  the  bottom  of  the  sea,  that  of  its  level 
or  surface  naturally  results  ; in  proof  of  which  this  writer 
cites  a great  number  of  facts.  Philos.  Trans,  vol.  49, 
pa.  585. 

3.  iMminousna*  qf  the  Sea.  This  is  a phenomenon  that 
has  been  noticed  by  many  nanticai  and  philosophical  wri- 
ters. Mr.  Boyle  ascribes  it  to  some  cosmical  law  or 
custom  of  the  terrestrial  globe,  or  at  least  of  the  plane* 
lary  vortex. 

Father  Bourses,  in  his  voyage  to  the  Indies,  in  1704, 
took  particular  notice  of  this  phenomenon,  and  very  mi- 
nutely describes  it,  without  assigning  the  true  cause. 

The  Abbe  Nollet  was  long  rff  opinion,  that  the  light  of 
the  sea  proceeded  from  electricity;  and  others  have  bad 
recourse  to  the  same  principle,  and  shown  that  the  lumi- 
nous points  in  the  surface  of  the  sea  arc  produced  merely 
by  friction. 

There  are  however  two  other  hypotheses,  which  have 
lirrn  advanced  to  account  for  this  phenomenon  ; the  one 
of  these  ascribes  it  to  the  shiniug  of  Iumii>ous  insects  or 
animalcules,  and  the  other  to  the  light  proceeding  from 
the  putrefaction  of  animal  substances.  The  Abbe  Nollet. 
who  at  first  considered  this  luminousness  as  an  electrical 
phcnometiOB,  having  had  an  opportunity  of  observing  the 
circiimstaaccs  of  it,  when  be  was  at  Venice  in  1749,  rclin- 
quiihed  his  former  opinion,  and  concluded  that  it  Was 
occasioned  either  by  the  luminous  aspect,  or  by  some  li- 
quor or  effluvia  of  an  insect  which  he  particularly  de- 
scribes, though  he  docs  not  altogether  exclude  other 
causes,  end  especially  the  spawn  or  fry  of  fish. 

Thosame  hypothesis  had  also  occurred  to  M.  Vianelli; 
and  both  he  and  Orisdlini,  a physician  in  Venice,  have 
given  drawings  of  the  insects  from  which  they  imagined 
this  light  to  proceed. 

A similar  conjecture  is  proposed  by  a correspondent  of 
Dr.  Franklin,  in  a letter  read  at  the  Roj-al  Society  in 
1756;  the  writer  of  which  apprehends,  that  this  appear- 
ance may  be  caused  by  a great  number  of  little  animals, 
Aoifting  on  the  >urface  of  the  sea.  And  Mr.  Forster,  in 
his  account  of  a voyage  round  the  world  with  captain 
Cook,  in  the  years  I77i^,  3,  4,  and  5,  describes  this  phe- 
TKimcnun  as  a kind  oi  biacc  of  the  t^ea ; and,  haiiiiig  At- 
tentively examined  some  of  the  shining  watt  r,  vxpK*sscs 
his  conviction  thnt  the  appearance  was  occiisiuneii  by  in- 
Bumerable  minute  animals  of  a round  shape,  moving 


through  the  water  in  all  directions,  which  appear  sepa 
rately  as  so  many  luminous  sparks  when  tukon  up  on  the 
hand;  be  imagiaes  that  these  small  gelatinous  luminous 
specks  may.  be  the  young  fry  of  certain  species  of  some 
medusae,  or  blubber.  And  M.  Dagelat  and  M.  Rigaud 
observed  several  times,  and  in  different  parts  of  the  ocean, 
such  luminous  appearances  by  vast  masses  of  differi'iit 
animalcules;  and  a k-w  days  after  the  sea  was  covered, 
near  the  coasts,  with  whole  banks  of  small  fish  in  innu- 
merable multitudes,  which  they  sup|>osed  had  |nroccedcd 
from  the  shining  animalculca. 

But  M.  le  Uoi,  after  giving  much  attention  to  this  phe- 
nomenon, concludes  that  it  is  not  occasioned  by  any  shin- 
ing insects,  especially  as,  after  can’fully  examining  with 
a microscope  some  of  the  luminous  points,  he  found  them 
tg  have  no  app<  arance  of  an  animal ; and  he  also  found 
that  the  mixture  of  a little  spirit  of  wine  with  water  just 
drawn  from  the  sea,  would  give  the  appearance  of  a gieal 
number  of  little  sparks,  which  would  continue  visible 
longer  than  those  in  the  ocean : the  same  effect  wus  pro- 
duced by  all  the  acids,  and  various  other  liquors.  M.  le 
Roi  n far  from  Asserting  that  (heiT  arc  no  luminous  in- 
sects in  the  sea ; for  he  allows  that  several  gentlemen  nave 
found  them;  but  be  is  satisfied  that  the  sea  is  luminous 
chiefly  on  some  other  account,  though  he  does  not  so 
much  as  offer  a conjecture  with  respect  to  the  true  cause. 

Other  authors,  equally  dissatisfied  with  the  hypothesis 
of  luminous  inH-cts,  for  explaining  the  pbenumcnon  w hich 
is  the  subject  of  this  article,  have  ascribed  it  to  some 
Bubstaucc  of  the  phosphoric  kind,  arising  from  putrefac- 
tion. The  observations  of  F.  Bourires,  above  referred  to, 
render  it  very  probable,  that  the  luminousness  of  the  sen, 
arises  from  slimy  and  other  putrescent  matter,  with  which 
it  abounds,  though  he  docs  not  mention  the  tendency  to 
putrefaction,  as  a circumstance  of  any  consequence  to 
the  appearance.  But  the  experiments  of  Mr.  Canton, 
which  have  the  advantage  of  being  easily  made,  seem  to 
leave  no  room  to  doubt  that  the  luniinousness  of  the  sea 
is  chiefly  owing  to  putrefaction.  And  his  experiments 
confirm  an  observation  of  Sir  John  Pringle's,  that  the 
quantity  of  salt  contained  in  sea  water  hastens  putrefac- 
tion ; but  since  that  precise  quantity  of  salt  which  pro- 
motes putrefaction  the  m<»st,  is  less  than  that  which  is 
found  in  sea  water,  it  ri  probable,  Mr.  Canton  observes, 
that  if  the  sea  were  less  salt,  i\  would  be  more  luminour. 
See  Philos.  Trans,  vol.  59i  pa.  446',  and  Franklin's  Fxper. 
tod  Observ.  pa.  274. 

4.  (If  the  [>epth  of  the  .Sea,  Us  Surfece^  Ifc. 

What  pro|M>riion  the  superficies  of  the  sea  bears  to  that 
of  the  land,  is  not  accurately  known,  though  it  is  said  to 
be  somewhat  more  than  two  to  one.  This  ratio  of  the 
surface  of  the  sea  to  the  land,  has  been  found  by  experi- 
ment thus:  taking  the  primed  paper  map  or  covering  of 
a terrestrial  globe,  with  a pair  of  scissors  clip  out  the 
parts  that  are  land,  and  those  that  are  water;  then 
weighing  these  parts  separately  in  a pair  of  fine  scales,  the 
land  is  found  to  be  near  J,  and  the  water  rather  more 
than  I of  the  whulc. 

With  regard  to  ilie  profundity  or  dqith  of  the  sea,  Va- 
renius  offirins,  that  it  i<  in  some  places  unfathomable,  and 
in  others  very  various,  being  in  certain  places  from  ^th 
of  a mile  4|  iniU»8  in  depth,  in  other  places  deeper, 
but  much  ic«A  in  bays  than  in  oceans.  In  general,  tba 
depths  of  the  sea  bear  a great  analogy  to  the  height  of 
inountaiDi  on  the  land,  so4ar  as  is  hitherto  discorered. 
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There  is  very  |{ood  reteon  why  ibeee*  doce  not  inenaee 
by  mr^ns  uT  iiver»»  &c,  running  ei^ry  where  into  it;  vis; 
because  the  vapours  raised  from  the  and  falling  in 
ram  upon  tl>e  land,  only  cauar  a circulation  of  the  water, 
but  no  merroae  of  it.  U hat  been  found  by  calcuUtiunt, 
founded  on  experiments,  that  in  a summers  day,  there 
may  be  raisdil  in  vgpnunt  from  the  suii'ace  of  the  Medi* 
lerratiejm  sea,  52tf  millions  of  tuna  of  water;  and  yet  this 
aea  does  not,  from  ail  its  nine  great  rivers,  receive  more 
than  1&3  inilliuiis  of  tuna  per  day,  which  it  but  about  a 
third  part  of  what  ia  exhausted  in  vapours  j and  this  defect 
in  the  supply  by  the  rivers,  may  serve  to  account  for  the 
continual  influx  of  a current  by  the  mouth  or  strait*  -at 
Gibraltar.  Indeed  it  is  rather  probable,  that  the  waters 
of  the  sea  euffbr  a continual  slow  decrease  as*  to  their 
quontity,  by  sinking  always  deeper  into  the  earth,  by  61- 
icring  through  the  liasares  in  the  strata  and  component 
parts;  as  also  by  the  slow  incrrase  and  raising  of  the 
earth  s surface. 

SEASONS,  certain  portions  or  quarters  of  the  yi*ar, 
diitioguubcd  by  the  signs  which  the  sun  then  enters  at 
those  periods. 

The  year  is  divided  into  four  seasons,  spring,  summer, 
autumn,  winter,  which  take  ibeir  beginnings  when  the 
sun  enters  the  6rst  point  of  the  sign*  Aries,  Cancer,  Libra, 
Capricorn. 

Thu  seasoin  are  well  illustrated  by  flg.  ],  plate  x; 
where  the  candle  at  I represents  the  sun  in  the  centre, 
about  which  the  earth  moves  in  the  ecliptic  abcd,  which 
cuts  the  equinoctial  abed  in  the  two  equinoxes  a'  and  o. 
Wficn  the  earth  is  in  thrae  two  points,  it  is  evident  that 
the  sun  equally  illuminates  both  the  poles,  and  makes  the 
days  and  nigbuequal  in  all  parts  <>f  the  earth.  But  while 
the  earth  moves  from  o by  c to  l;f,  the  upper  or  north 
pole  becomes  more  and  more  enlightened,  the  days  be- 
come longer,  and  the  nights  shorten  so  that  when  the 
earih  is  at  >f,  or  the  sun  at  our  days  are  at  the 
longest,  as  at  midsunmer.  While  the  earth  moves  from 
):f  by  D to  B,  our  days  continually  decrease,  by  the 
north  polo  gradually  declining  from  the  sun,  till  at  £ or 
autumn  they  become  equal  to  the  nights,  or  12  hours 
long.  Again,  while  the  earth  bbovc*  from  x by  a lo  p, 
the  north  pole  beomos  always  more  and  more  involved  ta 
darkness,  and  the  days  become  shorter  and  shorter,  till  at 
t or  0,  when  it  is  midwinter  to  the  inhabitants  of  tbe 
northern  sphere.  lAstly*,  while  the  earth  moves  from  0 
by  B to  o,  the  north  parts  emerge  more  out  of  dark- 
ness, and  tbe  days  grow  continually  longer,  till  at  o the 
two  poles  are  equally  colighteoed,  and  the  days  equal  to 
the  nights  again.  And  so  on  continually  year  after  year. 

&CCANT,  io  Geometry,  a line  that  cuts  another,  whe- 
ther right  or  curved  ; Thus  tbe  line  pa 
or  PB,  Ac,  is  a secant  of  the  circle 
aflo,  because  of  tbeir  cutting  it  in  the 
point  r,  or  o,  Ac.  Properties  of  such 
secants  to  the  circle  are  as  follow : 

1.  Of  several  Mreants  Pa,  pb,  pd, 

Ac,  drawn  from  the  same  point  p,  that 
which  passes  through  the  centre  c ib 
the  greatest ; and  from  thence  they  de- 
crease more  and  more  as  they  ceceda 
farther  from  tbe  centre;  vis,  pb  leM  pa,  and  pd  less 
than  PB,  and  10  on,  till  they  arrive  at  tbe  tangent  at  e, 
which  is  the  limit  of  all  the  secants. 

S.  Of  tlkCM  lecaats,  the  eaunial  parts  n,  po, »,  Ac, 


are  in  the  reverie  order,  increasing  continually  from  r to 
X,  tbe  gteater  secant  having  tbe  less  external  part,  and  in 
such  proportion,  that  any  secant  and  its  external  part  are 
reciprocals,  or  the  whole  is  reciprocally  as  its  exlcrnal 
part,  and  consequently  that  the  rectangle  of  every  segant 
and  iu  external  part  is  equal  to  u constant  quantity,  viz, 
the  square  of  a tangent.  Thus, 

PA  : : PB  : : PD  ; -1-  Ac, 

pr  . Hi  fH  * 

or  PA  a Pr  a:  PB  a PO  ss  pd  k ?n  =?  PE*. 

3.  The  tangent  PB  is  a mean  proportional  between  any 
secant  and  its  external  part;  us  between  pa  and  pr,  or 
PB  and  PG,  or  pd  and  ph,  Ac. 

4.  The  angle  dpb,  formed  by  two  secants,  is  meamred 
by  hall  the  diATcrcncc  of  its  intercepted  arcs  ob  nnd  oti. 

Secant,  in  Trigonometry,  denotes  a right  line  drawn 
from  the  centre  of  a circle,  and,  cutting  the  circUmferxmee, 
proceeds  till  it  raceis  with  a tangent  to  tbe  same  circle. 
Thus,  the  line  CD,  drawn  from  the 
centre  c,  (ill  it  meets  the  tangent 
BO,  is  called  a secant;  and  parti- 
cularly the  secant  of  the  arc  BX,  to 
which  BD  is  a tangent.  Jn  like 
manner,  by  producing  DC  to  meet 
the  tangent  ad  in  d,  thened,  equal 
to  c D,  is  tbe  secant  of  the  arch  a e, 
which  is  the  supplement  of  the  arch 
BB.  So  that  an  arch  and  its  sup- 
plement have  their  secants  equal, 
only  the  latter  one  is  negative  to  the  former,  bang  drasm 
the  contrary  way.  And  thus  the  secants  in  the  9d  and 
3d  quadrant  arc  negative,  while  thwe  in  the  1st  and  4tb 
quadrants  are  positive. 

The  secant  ct  of  the  arc  xr,  which  is  the  complement 
of  the  former  arc  bk,  is  called  the  Cosecant  of  b«,  or  the 
secant  of  its  coropU  meot.  Tbi  cosecants  in  (be  1st  and 
2d  quadrants  are  affirmative,  but  in  the  5d  and  4th  nega- 
tive. 

Tbe  secant  of  an  arc  is  reciprocally  as  the  cosine,  and 
the  cosecant  reciprocally  as  the  sine ; or  the  rectangle  of 
tbe  secant  and  cosine,  and  tbe  rectangle  of  the  cosecant 
and  sine,  are  each  equal  to  the  square  of  tbe  radius. 

For  CD  :cx:  : cb  : CH,ors:r:  :rjc, 
and  ci  : cx : : cr  : ex,  or  c : r ; : r : r ; 
and  consequently  H ss  cs  ss  sc;  where  r denotes  (ho  ra- 
dius, s (he  sine,  c the  cosine,  % the  secant,  aod  or  the  cose- 
cant. 

Some  of  the  must  useful  trigonometrical  formula,  into 
which  the  secants  and  coseennts  enter,  are  the  following. 


o ..  i.  ' r.«n  tox 

^ UQ  C 

_ p +■«•*)  ^ r*  ^ r.eo*ee 
■ia.  cot  cot 

sin.coMcc  r.rtMcc 


cot 

t»n.  cotec 


r*  rut  y^(COir«*— 

The  secant  of  the  sum  or  difference  of  any  two  arcs  a 
and  b may. he  expressed  as  follows: 

A < , •%  r.  tec  a.  •eel' 

Sec  (oi:6)  ^ ^ 

r*  ^ tin  a.  uii  i 

r*  f t COMT «.  COtec  b 

CoMC  (•  ± W = — T-: 

cotl^cvia 

The  secants  of  the  multiple  arcs  are  exhibited  in  tbe 
following  formula : 

Sec  e ss  sec  a 

c « 

■■  ^ :zj7 


Liy  CjOO^K 


SEC 
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_ wc*« 

S''  3“  = .-T^- 

Sec  4a  s 


ft  — Bkec  a -f-  «4K*  « 


.Sec  5a  = i6-ao 
Or  generally  sec  no.  = 


a ^ S»ec  a 


&C,  &C. 


• sec*  a 


b(b— 8)f*" 


&c.) 


2— (r”->  _ - 

n fn  — 4)  fft— 5)  r" 

Also,  an  arc  a,  (o  the  radius  r,  being  given,  the  secant 
a,  and  cosccunl  and  their  logarithms,  or  the  logarith- 
mic secant  and  cosecant,  may  Uc  expressed  in  inhniie 
series,  as  follows,  via,  • 

«■  6t«*  9r;a*  . 

■ e C ' ' ' - 4*  ' , occ. 

" ar  •J4r’  xaor*  aOb4r' 

T*  a ;«*  aii^  iijif  , 

^ ^ ~a  "e*  aeor'  laiaor*  6o4<»ia)*a 

log.  5 = m . (—  + a-  — &C.) 

Iog.<r  = - fog.o  + mx  (^  + ii;  + ^ ■*•  uTilS 
where  m is  the  modulus  of  the  aystem  of  logarithms. 

SacANTt,  Figure  qf.  Sec  Fiouaa  Secants, 

Secants,  Ziae  r/.  See  Sector,  and  Scale, 

SECOND,  in  Geometry,  or  Astronomy,  &c,  the  60th 
part  of  a prime  <fr  minute  : cither  in  the  division  of  cir- 
cles, or  in  the  measure  of  time.  A degm*,  or  an  hour, 
arc  each  divided  into  6o  minutes,  marked  thus';  a mi- 
cute  is  subdivided  into  60  seconds,  marked  thus*';  a se- 
cond into  60  ihird^i,  marked  thus  6tc. 

Wo  sometime*  say  a second  minute,  a third  minute, 
Ifcc,  but  more  usually  only  second,  third,  5cc. 

The  seconds  pendulum,  or  {>endu)um  that  vibrates  se- 
conds, in  the  ialiiudc  of  London,  is  39}  inches  long. 

SLCONDAHY  Circles  of  the  Ecliptic^  arc  circles  of 
longitude  of  the  stars  ; or  circles  which,  passing  through 
the  polos  of  the  ecliptic,  arc  at  right  angles  to  it. 

By  means  of  these  st'^condary  circles,  nil  |>oinU  in  the 
heavens  are  referred  to  the  ecliptic;  that  is,  any  star, 
planet,  or  other  phenomenon,  is  understood  to  be  in  that 
point  of  the  ecliptic,  which  is  cut  by  the  secondary  circle 
that  passes  through  such  star.  Ac. 

If  two  stars  be  thus  referred  to  the  same  point  of  the 
ecliptic,  they  are  said  to  be  in  conjunction  ; if  in  oppo- 
site points,  they  are  in  opposition  ; if  they  arc  referred  to 
two  points  at  a quadrant’s  distance,  they  are  said  to  be 
in  a quartile  aspect,  if  the  points  dilfer  a 6tb  part  of  the 
ecliptic,  they  are  th  textile  aspect,  Ac. 

In  general,  all  circlvs  that  intersect  ooc  uf  the  nix 
greater  circles  of  the  sphere  at  right  angles,  may  be  called 
secondary  cirtloa.  As  the  aximuth  or  vertical  circles  In 
rcspi'ct  of  the  horizon,  Ac;  the  meridian  in  respect  of  the 
equator,  Ac.  * 

Secondary  Planets,  or  Satellites,  an*  those  moving 
round  other  planets  as  the  centres  of  their  motion,  and 
along  with  tliem  round  the  sun. 

SECTION,  in  Geometry,  denotes  the  inUrsection  of 
two  planes,  or  the  surface  made  by  a body’s  being  cut  by 
a plane,  Ac. 

The  common  section  of  two  planes  is  always  a right 
line:  biding  the  line  supposed  to  be  drawn  by  one  plane  in 
its  cutting  or  entering  the  other.  If  a sphere  be  cut  in 
any  manDer  by  a plaue,  the  figure  of  the  aection  will  be  a 


] SEC 

circle ; also  the  common  intersection  of  (he  surfaces  of 
two  spheres,  is  the  circumference  of  a circle;  and  the 
two  common  sections  of  tbe  surfaces  of  a right  cone  and 
a sphere,  arc  the  circumferences  uf  circles  if  the  axis  uf 
the  cone  pass  through  the  centre  of  the  sphere,  otherwise 
not;  moreover,  of  the  two  common  sections  of  a sphere 
and  a cone,  whether  right  or  obliqne,  if  the  one  be  a cir- 
cle the  other  will  be  a circle  also,  otherwise  nou  See  my 
Tracts,  vol.  I,  tract  13,  prop.  7,  8,  9* 

The  sections  of  a cone  by  a plane,  are  five;  viz,  a 
triangle,  circle,  ellipse,  hyperbola,  and  parabola.  See 
each  of  these  terms,  as  also  Conic  Sec'txok. 

Sectfona  ^ buildings  and  bodies,  Ac,  arc  cither  verti- 
cal, or  horisomal,  Ac.  Tbe  ■ 

An^ktr  Sections,  is  a term  given  by  VieU  to  the 
analytical  investigation  of  the  law  of  increase,  or  de- 
crease, of  the  sines  and  chords  of  multiple  and  submul- 
liple  arcs.  Viela  first  published  this  ingenious  theory  in 
1579.  vi'ith  his  Canon  Mathematicus,  which  is  nothing 
more  than  a table  of  sines  constructed  according  to  tbit 
prinoiple.  He  there  shows  that,  if  m tbe  semicircle 
BCD  Ac, there  be  taken  K 

any  number  of  equal 
arcs,  Bf>,  DE,  EF,  TO, 

Ac;  and  if  we  make  //  « 
the  radius  equal  to  I,  Cf. 
and  AOS  JT,  we  sllall 

have  the  scrit*s  of  sup-  _ 

plcmentary  chords  AD,  S A 

AS,  AF*,  Ac;  which,  according  to  the  modern  method  of 
expretsion,  will  be  represented  as  follows: 

AB  s 2 

AO  = X 

AE  ^ X*  — 2 

AP  = X*  — 3x 

AO  = X*  — 4x*  2 

All  s x'  — 5x^  5x 

At  = X*  — fir*  9J-*  — 2 

ak  =s  x^  — 7x’  -e  14x*  — 7x 

Ac. 

Vieta  has  also  pointed  out  the  law  of  this  progression, 
by  which  it  may  be  continued  to  infinity;  that  of  the 
powers  and  signs  is  evident ; and  as  to  the  co-efficients, 
he  observes  that,  tbe  coefficients  of  the  second  column 
are  the  series  of  natural  numbers,  beginning  at  2;  those 
of  tbe  third  columns  are  triaifgular  numbers.  Iieginning 
nt  2,  instead  of  1,  as  in  the  common  form  of  those  num- 
bers; that  is.  2,  (2-1-3),  (2-i-3h-4),  (2-<'3-«-  + -e5),  Ac  : 
in  the  fourth  column,  they  are  the  pyradical  num- 
bers, Ac. 

The  ratio  of  tbe  chords  themvives  as  bd,  be,  bp,  Ac, 
Viela  has  also  shown  may  be  expressed  in  the  following 
manner,  by  calling  the  tirst  chord  x,  and  radius  = 1,  as 
t^eforc,  then  tbe 

'Jd  chord  2 — x' 

3d---«--  Sx-s-r* 

4lh  - ♦ - - - 2 4x*  — X* 

5th  - - - • - 5x  — 5x^  X*,  Ac. 

The  law  of  the  progression  being  the  same  as  in  the 
former  case. 

Various  other  curious  and  useful  fnrmuls  and  obae^- 
vationi,  on  the  doctrine  of  angular  sections,  may  be  seen 
in  the  work  above  alluded  to,  and  in  the  Opuscula  of 
Oughtrt'd,  first  published  in  I6'fi7. 

Vertical  Sbctiov,  or  simply  the  Section,  of  a build-^ 
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inj,  denolM  its  profile,  or  a delineation  of  iu  Heights  ami 
depths  raised  on  the  plan ; as  if  the  fabric  bad  been  cut 
aiunder  by  a,  vertical  plane,  to  discover  the  inside.  And 

i/or/2onia/ Section  is  the  ichnography  or  ground  plan, 
or  a section  paniDel  Co  the  horicon. 

SECTtoa  of  a Ratio,  or  Proportional  Section,  one  of 
the  last  works  of  Apollonius,  in  2 books,  restored  by 
Snell,  in  1607,  and  by  Halley,  in  1706,  8vo. 

Section  a Spuct^  another  of  the  last  works  of  ApoU 
lonhjs,  in  2 books,  restored  by  Snell  in  l607. 

Section,  Z>etermtR(2re.  Seis  Determinate  Secrion. 

SECTOR,  of  a Circle,  is  a portion  of  the  circle  com- 
prehended between  two  radii  and  their  included  arc. 
Thus,  the  tigure  abc,  contained  be- 
tween  the  two  radii  ac  and  bc,  and 
the  arc  a a,  is  a sector  of  the  circle. 

The  sector  of  a circle,  as  abc,  is 
equal  to  n triangle,  whose  base  is  the 
arc  AB,  and  its  altitude  rhe  radius  ac 
or  BC.  And  therefore  the  radius  be- 
ing drawn  into  the  arc,  half  the  product  gives  the  area. 

SimiUtr  Sectors,  are  those  which  have  equal  angles 
included  between  tireir  radii.  These  are  to  each  other 
as  the  squares  of  tbcir  bounding  arcs,  or  as  their  whole 
circles. 

Sector  also  denotes  a mathematical  instrument,  which 
is  of  great  use  in  geometry,  tngotmmetry,  surveying,  Ac, 
in  measuring  and  laying  down  and  finding  proportional 
quaniitias  of  the  same  kind:  as,  between  lines  and  lines, 
surfaces  and  surfaces,  Ac : whence  it  w^s  called  the  Com- 
pass of  Prupordon,  by  the  French  and  the  Germans,  Ac. 

The  great  advantage  of  the  sector  above  the  common 
scab's,  Ac,  is,  that  it  is  adapted  to  all  radii,  and  all  scales. 
By  the  lines  of  chords,  sines,  Ac,  on  the  sector,  we  have 
lines  of  chords,  sines,  Ac,  to  any  radius  between  the 
length  and  bmidth  of  the  sector  when  open. 

The  sector  is  founded  on  the  4tb  proposition  of  the  6'th 
book  of  Euclid;  where  it  is  demonstrated,  that  similar 
triangles  have  (heir  like  aides  proportional.  An  idea  of 
the  theory  of  its  construction  may  be  conceived  thus. 
Let  the  lines  ab,  ac  represent  the  legs  of  the  sector;  and 
AD,  AE,  two  equal  scc6ons  from  the  centre : then  if  the 
points  BC  and  oe  be  connected,  the 
lines  BC  and  de  will  be  parallel ; 
therefore  the  triangles  abc,  adb  will 
be  similar,  and  consc'qucntly  the  sides 
AB,  BC,  AD,  DE  proporhonal,  that  is, 
as  AB  : BC  : : AD  : : de;  so  that  if 
AD  be  the  half,  3d,  or  4th  part  of  ab, 
then  DE  will  bc  a half,  3d,  or  4th 
part  of  bc:  and  the  same  holds  of  all  the  rest.  Hence, 
if  DE  be  thc^chnrd,  sine  or  tangent,  of  any  arc,  or  of 
any  number  of  degrees,  to  the  radius  ad,  then  bc  will  Lc 
the  same  to  the  radius  ab. 

The  sector,  it  is  supposed,  was  the  invention  of  Guido 
Baldo  or  Ubdd'o,  about  the  year  166ft.  The  first  print- 
ed account  of  it  was  in  1664,  bv  Caspar  Mordeotc  at 
Antwerp,  who  indeed  says  that  his  brother  Fahrietut 
Mordenie  invented  it,  in  the  year  1554.  It  wa*  next 
treated  of  by  Daniel  Speckle,  at  Strasburgh,  in  1589; 
after  that  by  Dr.  Thomas  Hood,  at  I^/indon,  in  15l^H; 
then  by  Luwin  Hulse,  at  Frankfort  on  the  Maine,  l603, 
who  says  it  was  inventetl  long  before  by  Justus  Byrgius, 
an  engineer  In  the  service  of  the  Landgrave  of  Hesse.  Bui 
that  honour  was  claimed,  and  even  contended  for,  by 
VoL.  II. 


— -/i.- 
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Galileo  and  by  Balthasar  Capra  of  Milan.  Tlie  former 
published  a Tract  on  that  useful  instrument  in  l607; 
and  it  doubtless  received  improvements  from  him,  as 
well  as  from  our  countrymen  Gunter,  Foster,  and  others. 
Sec  NVolhi  Eiem.  Math.  tom.  6,  pa.  49i  also  Saverien 
Diction,  art.  Compass,  and  Cunn  on  the  ^ctor,  published 
by  Stone,  Preface.  It  was  treated  on  afterwards  by  many 
other  writers  on  practical  geometry,  in  ail  the  nations  of 
Europe.  . 

Dc$cription  the  Sector.’  This  instrumciU  consists 
of 'two  rules  or  legs,  the  longer  the  better,  made  of  box, 
or  ivory,  or  brass,  Ac,  representing  the  radii,  moveable 
round  an  axis  or  joint,  the  middle  of  which  represents 
the  centre ; from  whence  several  scales  arc  drawn  on  the 
faces.  Sec  the  hg.  1,  plate  xxxii. 

The  scales  usually  set  upon  sectors,  may  be  distinguish- 
ed into  single  and  double.  The  single  scales  are  such  as 
are  set  upon  plane  scales  : the  double  scales  are  those 
which  proceed  from  the  centre;  each  of  these  being  laid 
twice  on  the  same  face  of  the  instrument,  vis,  once  on  each 
leg.  From  these  scales,  dimensions  or  distances  are  to  be 
taken,  when  the  legs  of  the  instrument  are  set  in  an  an- 
gular posiuoQ. 

The  scales  set  upon  the  best  sectors  are 

Inches,  each  divided  into  8 and  10  parts, 
Decimals,  containing  lOOjwrts. 
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Chords 
Sines 
Tangents 
Rhumba 
Latitude 
Hours 
Longitude 
Inclin.  Merid. 
the  r Numbers 
loga-  j Sines 
rithms  i Versed  sines 
of  ( Tangents  . 
f Lines,  or  equal  parts 
Chords 
Sines 


> “ J Tangents  10  45** 


Cho. 

Sin. 

Tan. 

Rbum. 

Lac 

Hou. 

Lon. 

In.  mcr. 
Num. 
Sin. 
y.  Sin. 
iTan. 
f Lin. 

I Cbo. 

I Sin. 

^ Tan. 
Sec. 
Tan. 
tPol. 


5 I Secants 

6 I I'angents  to  above  46^ 

^ 7J  [.Polygons  J 

The  manner  in  which  these  scales  are  disposed  on  the 
sector,  is  best  seen  in  the  dgure. 

The  scales  of  lines,  chords,  sines,  tangents,  rhumbs, 
latitudes,  hours,  longitude,  iocl.  merid.  may  be  used,  with 
the  instrument  either  shut  or  open,  each  of  these  scales 
being  contained  on  one  of  the  legs  only.  The  scales  of 
inches,  decimsls  log.  numbers,  log.  sines,  log.  versed 
sines,  and  log.  Undents,  are  to  be  used  with  the  sector 
quire  open,  with  the  two  rulers  or  Irgsstretched  outio  the 
seme  direction,  part  of  each  scale  lying  on  both  legs. 

The  double  sea  Ira  of  lines,  cliords  sines,  and  lower  tan- 
gents, or  tangents  under  45®,  arc  all  of  the  same  radius 
or  length;  they  begin  at  the  centre  of  the  instrument, 
and  are  terminated  near  the  other  extremity  of  each  leg  ; 
vit,  the  lines  at  the  division  10,  the  chords  at  60,  the 
sines  at  90,  and  the  tangents  at  45  ; the  remainder  of  the 
tangents,  or  those  above  45®,  are  on  other  scales  begin- 
Ming  at  i of  the  length  of  the  former,  counted  from  the 
cenTre.  where  they  arc  marked  with  45,  and  run  to  about 
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Tbe  secants  also  begin  at  tbe  same  distance  from  the 
centre,  where  they  are  marked  with  10,  and  are  from 
thence  conlinoed  to  as  many  dcgrix*s  as  the  length  ut  the 
sector  will  allow,  which  is  about  75®. 

The  angles  made  by  tbe  double  scales  of  lines,  of 
chords,  ol  sines, ami  of  tungentn  to  45  degrees,  arc  alwa)S 
equal.  And  the  angles  made  by  the  scales  ot  upper  tan* 
genr^,  and  of  secants,  nm  also  equal. 

'rhrfTiCalcs  of  pulyf^uis  are  set  near  the  inner  edge  of  the 
legs;  and  where  tbcM;  scales  begin,  they  arc  marked  with 
4,  and  from  ilicucc  are  figured  backwards, or  towards  the 
ceolie,  to  12. 

From  this  disposition  of  the  double  scales,  it  is  plain, 
that  tho:*e  angles  that  arc  equal  to  each  other  while  the 
legs  of  the  sectorwere  close,  will  still  continue  to  be  equal, 
though  the  sector  be  opened  to  any  distance. 

The  scale  of  inches  is  laid  close  to  the  edge  of  the 
sector,  and  romi limes  on  tjic  very  edge;  it  conlnins  as 
many  inches  as  the  instrument  will  receive  when  opened  ; 
each  incu  bring  usually  divided  into  8,  and  also  into  10 
equal  parts.  The  decimal  scale  lies  next  to  this:  it  is  of 
the  length  of  the  sector  when  opened,  and  is  divided  into 
lOt'qual  parts,  nr  primary  divisions,  and  each  of  these 
into  It)  other  equal  parts;  so  that  the  whole  is  divided 
into  too  equal  parts:  and  by  this  decimal  scale,  alt  the 
other  scabs,  that  are  taken  from  tables,  may  be  laid  down. 
The  scales  of  chords,  rhumbs,  siiie^,  tangents,  bouts,  &c, 
are  nuch  ns  are  described  under  Plane  Scale. 

The  scale  of  logariihinic  or  artificial  numbers,  called 
Gunter's  scale,  or  Gunter’s  line,  is  a scale  expressing  the 
logarithms  of  coiuinun  numlM:rs,  uken  in  their  natural 
order. 

The  constcuclion  of  the  double  scale  will  be  evident  by 
inspecting  the  iiistruim  iiL  As  to  the  scale  of  polygons, 
it  usually  compiehends  the  Sides  of  the  poKgons  from  6 
to  1'2  sides  inclusive : the  divisiona  are  laid  down  by 
taking  the  lengths  of  the  chords  of  tbe  angles  at  the  centre 
of  each  polygon,  and  laying  them  down  from  the  centre 
of  the  itisiruinent.  When  the  polygons  of  4 and  5 sides 
are  ai»(»  introduci-d,  this  line  is  constructed  frc»m  a scale 
of  chords,  whi-re  the  b ngth  of  90^  is  equal  to  that  of  60® 
of  the  double  scale  of  chords  nn  tbe  sector. 

Ill  describing  the  uu*  of  the  seett^r,  the  terms  taieral 
diunnet  and  truntvri $e  disinnct  often  occur.  By  the  fonner 
IS  mtant  the  distance  taken  with  tbe  Compasses  on  one 
of  the  scales  oni),  bt*ginning  at  the  centre  of  the  sector; 
and  by  the  latter,  the  distance  taken  between  any  two 
corresponding  divisions  of  the  scales  of  the  same  name, 
tbe  legs  of  the  sector  being  in  an  angular  position. 

Vtta  of  the  bSCTOa. 

(]f  tfu  Linoqf  'I  bis  is  useful,  to  divide  a given 

line  into  any  number  of  equal  parts,  ur  in  any  propor- 
tion, or  to  make  scales  of  equal  parts,  or  to  find  3d  and 
4th  proportionals,  or  mean  proportionals,  or  to  iocTCHsc 
or  decrease  a giveniine  in  any  proportion.  Lx.  I.  To  di- 
vide a given  line  into  any  number  of  equal  parts,  as  sup- 
pose 9 : make  the  length  of  the  given  line  a transverse 
distance  to  <)  and  9»  fhe  number  of  p.irts  projxised;  then 
will  the  transverse  discance  of  1 niu)  1 bi'  one  of  the  equal 
parts,  or  the  9<h  part  of  the  whole;  and  the  transverse 
distance  of  2 and  ‘2  will  be  '2  of  the  equal  parts,  or  ^ of 
the  whole  line;  and  so  on.  2.  Again,  to  divide  a given 
line  into  any  number  of  parts  that  shall  be  in  any  as- 
signed proportion,  as  suppose  thri^  pari>,  in  the  propor- 
tion of  2,  3,  and  4.  Make  the  given  line  a transverse 
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distance  to  9,  the  sum  of  the  proposed  numbers  2»  3,  4 ; 
then  the  transverse  distaucea  of  these  uuiubers  severally 
will  be  tbe  parts  required. 

the  Scale  of  Chords.  1.  To  open  the  sector  to  any 
angle,  as  suppose  30  degrees : lake  the  distance  from  the 
joint,  or  centre,  to  50  on  the  chords,  the  number  of  de- 
grees proposer!  ; then  open  the  sector  till  the  transverse 
distance  fnjiu  60  to  60,  on  each  leg.  be  equal  to  the  suid 
lateral  distance  of  50 ; so  shall  i)ie  scale  of  chords  make 
the  proposi'd  angle  of  50  degrees. — By  the  converse  of 
this  operation,  may  be  known  the  angle  ilic  M'Ctor  is 
o}K*iH-d  to;  via,  taking  tbe  transverse  distance  of  ()U,  and 
applying  it  laterally  from  tbe  joint. 

2.  I'o  protract  or  lay  down  an  angle  of  any  given 
number  of  degrees.  At  any  opening  of  the  sector,  lake 
the  transverse  distance  of  bO'^,  with  vvhich  extent  describe 
an  arc;  then  take  the  transverse  distance  of  the  number 
of  d«-grees  proposed,  and  apply  it  to  that  arc ; and  through 
the  ratrcroiues  of  this  distance  on  the  arc  draw  two  lines 
from  the  centre,  and  they  will  form  the  angle  as  proposed. 
When  the  angle  exceeds  60®,  la>  it  off  at  twice  or  thrice. 
-^By  tbe  converse  operation  any  angle  may  be  mea- 
sured ; vis,  With  any  radius  describe  an  arc  from  the 
angular  point ; M*t  that  radius  transversely  from  60  to 
6U;  then  take  the  distance  of  the  intercepted  arc,  and 
apply  it  transversely  to  the  chords,  which  will  show  the 
degrees  in  the  given  angle. 

Of  the  Line  (f  Polygons.  1.  In  a given  circle  to  inscribe 
a regular  polygon,  for  example  an  octagon.  Open  the 
legs  of  the  si‘Ctor  till  the  transvtrse  distance  from  6 to  6 
be  equal  to  the  radius  of  the  circle ; then  will  the  trans- 
verse distance  of  8 and  8 be  the  side  of  the  inscribed  oc- 
tagon. 2.  Upon  a line  given  to  describe  a regular  polygon. 
Make  the  givtm  line  a transverse  dis.  to  5 and  5;  and  at 
tnai  opening  of  the  sector  lake  the  transverse  distance  of 
6 and  6 ; with  which  as  a radius;  from  the  extremities  of 
the  givi'n  line  dcycribc  arcs  to  intersect  each  utbi-r,  and 
this  iniersc'Ctioii  will  be  the  centre  of  acircle  in  which  the 
proposisl  polygon  may  be  inscribed ; then  from  that  centre 
describe  the  said  circle  through  the  extrcniilua  of  the 
given  line,  and  apply  this  line  continually  round  the  cir- 
cumference, fur  the  several  angular  piuntsof  the  polygon. 
S.  On  A given  right  line  as  a base,  to  describe  an  isosceiei 
triangle,  having  the  augles  at  the  bast*  double  the  angle  at 
the  verte.N.  Open  the  sector  till  the  length  of  the  given 
line  fall  transversely  ou  10  and  lOoneach  leg;  then  lake 
the  transverse  distance  to  6 and  6,  and  it  will  be  tbe 
length  of  each  of  the  equal  sides  of  the  triangle. 

(Jf  the  Sines,  Tangents,  and  Secants.  By  tbe  several 
lines  disposed  on  the  sector,  we  have  scales  of  sc^veral 
radii.  So  that,  1.  Having  a length  or  radius  given,  not 
exceeding  tfie  length  of  the  sector  when  opened,  we  can 
find  tbe  chord,  sme,  &c,  to  the  same ; forex,  suppose  the 
chord,  sine,  or  tangent  of  20  degret's  to  a radios  of  3 
inches  be  required.  Make  3 inches  the  opening  or  trans- 
verse distance  to  60  and  60  on  the  chords ; then  will  the 
same  extent  reach  from  45  to  45  on  the  tangents,  and 
from  9^  to  90  on  the  sines ; so  that  to  whatever  radius 
the  li:ic  of  chords  is  set.  In  tlic  same  arc  all  (he  others  set 
also.  Ill  this  disposition  therefore,  if  the  traiisve^e  di- 
stance between  20  and  20  on  (be  chords  be  taken  with  the 
cotnpas.ves,  it  will  give  (he  chord  of  20  degrees;  and  if 
(he  iransvcrK*  of  20  and  20  be  in  like  manner  taken  on 
the  It  will  be  the  sine  of  20  degrees;  and  lastly,  if 

tbe  transverse  distance  of  20  and  20  be  taken  on  the  tan- 
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it  wiU  be  the  tangent  of  20  degreeHf  to  the  same 
radius. — 2.  If  the  chord  or  tangent  of  70  defect  were 
rt'f^uired.  For  the  chord,  the  transverse  distance  of  half 
the  arc,  viz  35.  must  be  taken,  as  before;  which  distance 
taken  twice  gives  the  chord  uf  70  degri^es.  To  liml  the 
tangent  of  70  degrees,  to  the  same  radius,  the  schIc  of 
upper  tangents  must  be  used,  the  under  one  only  reaching 
to  -ii  : making  therefore  3 inches  the  transverse  dtstiuice 
to  45  and  45  at  the  beginning  of  that  scale,  the  extent 
between  70  and  70  degrees  on  the  Mme,  will  be  the  tan- 
gent of  70  degrees  to  3 inches  radius. — 3.  To  rtnd  the 
secant  of  an  arc  ; make  the  given  radius  the  traniverac 
distance  between  0 and  0 on  the  secants;  then  will  the 
transverse  distance  of  :^0  and  20,  or  70  and  70,  give  the 
secant  of  20  or  70  degrees.— *4.  If  the  radius,  and  any 
lino  representing  n sine,  tangent,  or  secant,  be  given,  the 
degrees  corresponding  to  that  lir>e  may  be  found  by  set- 
ting the  sector  to  the  given  radius,  according  as  a sine, 
tangent,  or  secant  is  concerued ; then  taking  the  given 
line  between  the  compasses,  and  applying  the  two  feet 
transversely  to  the  propcT  scale,  and  sliding  the  feet  along 
till  they  both  rest  on  like  divisions  on  both  legs  ; then  the 
divisions  will  show  (he  degrees  and  parts  corresponding  to 
the  given  lir>e. 

Use  Me  Sector  in  Trif^omftry,  or  in  working  any  other 
proportiont. 

Dy  means  of  the  double  scales,  which  arc  the  parts 
more  peculiar  to  ihu  sector,  all  proportions  are  worked 
by  the  property  uf  similar  triangles,  making  (besides  pro- 
portional to  the  bases,  that  is,  on  the  sector,  the  lateral 
distances  proportional  to  the  transverse  ones ; thus,  taking 
the  distance  of  the  first  term,  and  applying  it  to  the  2d, 
then  the  distance  of  the  3d  term,  properly  applied,  will 
give  (he  4lh  term:  observing  that  the  sides  of  triangles 
are  taken  off  the  line  of  numbers  laterally,  and  the  angles 
arc  taken  transversely,  off  the  sines  or  tangents  or  secants, 
according  to  the  nature  of  the  proportion.  For  example, 
in  a plane  iriar^le  abc,  given  (wo  sides  and  an  angle  op- 
posite to  one  of  them,  to  find  the 
rest ; vit,  given  ab  sa  56,  AC  aa  64 
and  ^B  s 46^  30',  to  find  bc  and 
the  angles  a and  c.  In  this  case,  the 
sides  are  proportional  to  the  sines  of 
(heir  opposite  angles;  hence  these 
proportions, 

Bf  AC  (64)  I sin.  Z.  ■ (46®  3f/)  : : A B (56)  : sin.  Z.C,  and 
as  sin.  b : ac  : : sin.  a : : bc. 

Therefore,  to  work  these  proportions  by  the  sector,  lake 
the  lateral  distance  of  <)4  = ac  from  the  lines,  and  open 
the  sector  to  make  (his  a transverse  distance  of  46^  3U’  s 
Z B,  on  the  sines  ; thon  take  the  laVnil  distance  of  56  s 
AB  on  the  lines,  and  apply  it  transversely  on  ibc  sines, 
which  will  give  24'  = Z.C.  Hence,  the  sum  of  the 
angles  b and  c,  which  is  85®  54’,  taken  from  180\  leaves 
P4®  b'  =;  Z.  A.  Tlicn,  to  work  the  2d  proportion,  the 
sector  n*maining  set  at  the  same  opening  as  before,  take 
the  transverse  distance  of  94®  6'  = Z a,  on  the  sines,  or, 
which  is  the  same  thing,  the  transverse  distance  of  its  su(k 
plement  85®  5V;  then  this  applied  laterally  to  the  lines, 
gives  88  = the  side  ac  sought. 

For  the  complete  history  of  the  sector,  with  its  tnoie 
ample  and  particular  construction  and  uses,  see  the  In- 
troduction to  Robertaon's  Treatise  of  such  Mathematical 
Instrumonts,'as  are  usually  put  into  a Portable  Case. 

Sectob  a S^herct  is  (be  solid  generated  by  the  revo- 


lution of  the  sector  of  a circle  about  one  of  its  radii;  the 
other  radius  describing  the-surlacc  of  a cone,  and  the  cir- 
cular arc  a circular  portion  uf  the  surface  uf  the  sphere  of 
the  same  radius.  So  that  the  spherical  sector  consists  of 
a right  cone,  and  of  a segment  of  the  sphere  having  the 
satne  common  base  with  the  cone.  .And  hence  the  solid 
content  of  it  will  be  found  by  multiplying  the  base  nr 
spherical  surface  by  the  radius  of  the  sphere,  and  taking  a 
3d  part  of  the  product. 

Sectob  0/ an  Ecliptc,  or  0/ an  Hyperbola,  6tc,  is  a pari 
resembling  the  circular  s«xtor,  being  cunlairved  by  thrt*® 
lines,  two  uf  which  are  radii,  or  line»  drawn  from  the 
Centre  of  the  figure  to  the  curve,  and  the  in(erci-[)icd  arc 
or  part  of  that  curve. 

Asironomicai  StCTOit,  an  instrument  invented  by  Mr. 
George  Graham,  for  finding  the  difference  in  right  ascen- 
sion and  ileclination  between  two  objects,  wliuse  distance 
is  too  great  to  be  observed  through  a fixed  telescope,  by 
means  of  a micrometer.  This  instrument  (fig.  2,  pi.  32,} 
consists  of  a brass  plate,  calk'd  the  sector,  formed  like  a 
T,  having  the  shank  CD,  as  a radius,  about  feet  long, 
and  2 inches  broad  at  the  end  D,  and  an  inch  and  a half 
at  c;  and  the  cross-piece  a a,  as  an  arch,  about  6 incfai*s 
long,  and  ono  and  a half  broad ; upon  which,  with  a ra- 
dius of  30  inches,  is  described  an  arch  of  10  degrees,  each 
d^ree  being  divided  in  as  many  parts  as  arc  convenient. 
Round  a small  Cylinder  c,  containing  the  centre  of  this 
arch,  and  fixed  in  the  shank,  moves  a plate  of  brass,  to 
which  is  attached  a udescope  cx,  having  its  line  of  colli- 
mation  parallel  to  the  plane  of  the  sector,  and  passing 
over  the  centre  c uf  the  arch  ab,  and  the  index  of  a V*er- 
nier’s  dividing  plate,  whose  length,  being  equal  to  I6  quar- 
ters of  a degree,  is  divided  into  15  equal  parts,  fixed  to 
the  eye  end  of  the  telescope,  and  made  to  slide  along  the 
arch;  which  motion  is  performed  by  a long  screw,  o,  at 
the  buck  of  the  arch,  communicating  with  the  Vernier 
through  a slit  cut  in  the  brass  parallel  to  the  divided  arch. 
Round  the  centre  r of  a circular  brass  plate  o5c,  of  5 
inches  diameter,  moves  a brass  cross  xlmv,  having  the 
opposite  ends  o and  P of  one  bar  turned  up  perpendicu- 
larly about  3 inches,  to  serve  as  supporters  to  the  sector, 
and  screwed  to  the  back  of  its  radius;  so  that  the  plane 
of  the  sector  ts  parallel  to  the  plane  of  the  circular  plate, 
and  can  revolve  round  the  centre  of  that  plate  in  this  pa- 
rallel position.  A square  iron  axis  111 P,  18  inches  long, 
is  screwed  flat  to  the  back  of  the  circular  plate  along  one 
of  its  diameters,  so  (hat  the  axis  is  parallel  to  the  plane  of 
the  sector.  The  whole  instrument  is  supported  on  a 
proper  pedestal,  so  that  the  said  axis  shall  be  parallel  to 
the  earth’s  axis,  and  proper  contrivances  are  annexed  to 
fix  it  in  any  position* ' The  instrument,  thus  supported, 
can  revolve  round  its  axis  iii,  parallel  to  the  eartli's  axis, 
with  a motion  like  that  of  the  stars,  the  plane  of  the  sector 
being  always  |)arallel  to  the  pUnc  of  some  hour-circle, 
Attd  consequently  every  point  of  the  telescope  describing 
a parallel  of  declination;  and  if  the  sector  bc  turned 
rouml  (be  joint  p of  the  circular  plate,  its  graduated  arch 
may  be  brought  parallel  to  an  bour-cir  le;  and  conse- 
quently any  two  stars,  wUoac  difference  of  declination  does 
not  exceed  the  di'grccs  in  that  arch,  will  passover  it. 

To  observe  their  passage,  direct  (he  telescope  to  the 
preceding  star,  and  fix  the  plaue  of  the  sector  a little  to 
the  westward  of  it ; move  the  telescope  by  the  screw  c, 
and  observe  at  the  transit  of  each  over  (he  cross  wires  the 
time  shown  by  the  clock,  and  also  the  division  upon  the 
3 B 2 
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trch  ABy  shown  by  ihe  index ; then  is  the  diBerence  of 
the  arcb^  the  diflorence  of  the  declination;  and  that  of 
the  times  shows  the  didcronce  oi  the  right  ascension  of 
those  stars.  For  a murq  particular  description  of  this 
instrumi-nty  see  Sntith’s  Optics,  book  iiiy  chap. 

SECULAR  Equiuions,  or  Century  Hquaiions,  in  Aslro- 
nomy,  are  corrections  required  to  compensaie  such  ine- 
qualities, in  the  celchtial  motions,  ns  occur  in  the  course 
of  a century  or  100  years.  Thus,  there  arc  secular  in- 
equalitii’s  m the  moon's  motion,  which  require  for  their 
correction  as  many  distinct  secular  equations.  For  which, 
see  the  books  on  astronomy. 

Sf.cui.ar  K«or,  the  some  with  Jubilee. 

SECUNDANS,  an  infinite  setica  of  numbers,  begin- 
ning from  nothing,  and  proceeding  according  to  the 
squares  of  numbers  in  arithmetical  progression,  as  0, 1,4, 
9t  16,  S5.  36,  49, 64,  &c. 

SEEING,  the  act  of  perceiving  objects  by  the  organ 
of  sight;  or  the  sense  wo  have  of  exienml  objects  by 
means  of  the  eye. 

For  the  apparatus,  or  diposition  of  the  parts  necessary 
to  seeing,  6c«.*  Eye.  And  for  the  manner  in  which  seeing 
is  performed,  aiul  the  laws  of  it,  see  Vision. 

Our  best  anatomists  difier  greatly  as  to  the  cause  why 
we  do  nut  see  double  with  the  (wo  eyes.  Galen,  and  otliers 
after  him,  ascribe  it  U>  a coalition,  or  decussation,  of  tbu 
optic  nerve,  behind  the  os  sphcnoidcs.  But  whether  they 
decussate  or  coalesce,  or  only  barely  touch  one  another, 
is  not  well  agreed  on.— The  ^rtholmes  and  Vesalios  say 
expressly,  they  are  united  by  a ficrfect  confuiiion  of  their 
substance ; Dr.  Gibson  allows  them  to  be  united  by  ibe 
closest  conjunction,  but  not  by  a confusion  of  their  hires. 
^Albaxcn,  an  Arabian  philosopher  of  the  12ih  evtituryt 
accounts  for  single  vision  by  two  <7es,  by  supposing  that 
when  two  corresponding  parts  of  the  retina  are  atfected, 
the  mind  percrivrs  but  one  image. 

Descartes  and  oihcn  account  tor  the  edect  another  way ; 
V12!,  by  supp<ising  that  the  fibnllie  comtituting  the  niedul* 
lary  pert  ol  those  nervt^s,  being  spread  in  the  retina  ut  each 
eye,  have  each  of  them  corresponding  parts  in  the  brain, 
so  (hat  when  any  of  those  tibriilae  are  struck  by  any  part 
of  an  image,  the  corresponding  |mrts  of  the  brain  are 
affected  by  it.  Somewhat  like  which  is  the  opinion  of 
Dr.  Briggs,  who  takes  the  optic  nerves  of  each  eye  to  c^m- 
sisi  of  humoli^ous  libres.  having  their  rise  in  the  thalamus 
nervorum  opticorum,  and  bt*ing  thence  continued  to  both 
the  reiinar,  mhich  are  composed  of  them;  and  further, 
that  those  fabrillte  have  the  same  par^dieiism,  tension,  &c, 
in  both  eyes ; consequently  when  an  image  is  painted  on 
the  same  corresptmdiiig  svmpathixing  parts  of  each  retina, 
the  same  effects  arc  produced,  the  same  notice  carried  to 
the  thalamus,  and  so  imparted  to  tlic  mind.  Hence  il  is, 
(hat  double  vision  ensues  upon  an  interruption  of  the  pa- 
rallelism of  the  eyes  ? as  whi*n  one*  eye  is  d<*prrsBed  by  ibe 
finger,  or  their  symphony  ii  interrupted  by  disease:  but 
Dr.  Briggs  maintains,  that  it  is  but  in  few  subjects  there  is 
any  decussation ; and  in  none  any  conjunction  more  than 
mere  contact ; though  his  notion  is  by  hq  moans  consonant 
to  facts,  and  it  is  attended  with  many  improbable  circum- 
stances. 

It  was  the  opinion  of  Sir  Isaac  Newton,  and  of  many 
others  that  objects  appear  single,  because  the  two  optic 
r^-rvis  unite  before  they  reach  the  brain.  Hut  Dr.  For- 
dcrfirld  shows,  from  the  observation  of  several  anatomists, 
(hat  (he  optic  nerves  do  not  mix  or  confound  their  sub- 
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stance,  being  only  united  by  a close  cohesion ; and  objects 
have  ap|>eared  single,  where  the  optic  nerves  were  found 
to  be  disjoimd.  To  account  fur  this  phenomenon,  this 
itigeuious  writer  supposes,  that,  by  an  original  law  in  our 
nalures,  wc  imagine  an  object  to  be  situated  somewhere 
in  aright  line  drawn  from  (he  picture  of  it  upon  the  re- 
tina, through  the  centre  of  the  pupil;  consequently  the 
same  object  appearing  to  Imth  eyes  to  be  in  the  same  place, 
we  cannot  distinguish  it  into  two.  In  answer  to  un  ob- 
jectiuii  to  this  hypothesis,  from  objects  appearing  <Juublc 
when  one  eye  is  distorted,  he  soys,  the  mind  ml^lakcs  the 
position  of  the  eye,  imagining,  that  it  had  moved  in  a 
manner  corresponding  to  the  other,  in  which  case  the  con- 
clusion would  have  been  just ; in  this  he  ncems  to  have  rt*- 
couim;  to  the  power  of  habit,  though  he  disclaims  that  hy- 
pothesis. This  principle  however  has  been  thought  suffi- 
cient to  account  for  (his  appearance. 

Originally,  every  object  making  two  pictures,  one  in 
each  eye,  is  imagined  to  be  double;  but,  by  degrees,  we 
find  that  when  two  corresponding  parts  of  the  retina  arc 
impressed,  the  object  is  but  one ; but  if  those  corn  spond- 
ing  parts  be  changed  by  (he  distortion  of  one  ol  theeyca, 
the  object  mu^l  iigain  appear  double  as  at  (be  first.  This 
seems  to  be  derided  by  Mr.  Chesrriden,  who  intorms  os, 
that  u gentleman,  who,  from  a blow  on  his  head,  hod  one 
eye  distorted,  found  every  object  to  appear  double,  but  by 
degrees  the  most  familiar  ones  came  to  appear  single  again, 
artd  in  time  all  objects  did  so  witliout  ameisUmeiit  ol  (lie 
distortion.  A similar  can*  is  mcniiom-d  by  Dr.  bmilh.~ 
On  (he  other  band,  Dr.  Ueid  is  of  opinion,  that  tbe  cor- 
respundence  of  the  centres  of  two  eyes,  on  which  single 
vision  depends,  does  not  arise  from  custom,  but  from  some 
natunil  cunstitutum  of  ihe  eye,  and  of  the  mind.  M.du 
Tour  adopts  an  opinion,  long  before  suggrsiod  by  Gassendi, 
that  the  eye  attends  to  no  mort*  (ban  the  image  made  in 
one  eye  nt  a lime;  in  support  of  winch,  he  produces  sc- 
\enil  curious  experimenis ; but  as  M.  Biiflbn  observi's,  it 
is  a sufficient  answer  lo  this  hypothesis,  (hut  wc  rfee  more 
distinctly  with  two  eyes  than  with  one  ; and  that  w hen  a 
round  object  is  near  uv,  we  plainly  see  mure  of  the  surface 
in  one  cast*  than  in  the  other. 

With  respt'Ct  to  single  vision  with  two  eyes.  Dr.  Hart- 
ley obM'rvcft,  (hat  it  deserves  particular  altentiun,  that  the 
optic  nervo  of  man,  and  such  other  animals  as  look  (be 
same  way  with  both  eyes,  unite  in  the  sella  turnca  in  a 
ganglion,  or  little  brain,  as  it  may  be  called,  p<‘culiar  to 
themselves,  »nd  that  the  associations  between  synchronous 
impressions  un  (he  two  retinas,  must  be  made  sr>otirr  ami 
cemented  stronger  on  (his  account ; tilso  that  they  ought 
to  have  a much  greater  power  over  one  another's  image, 
than  in  any  othfr  part  of  the  body.  And  thus  an  impres- 
sion made  on  the  right  eye  alone  by  a single  <*bject,  pro. 
pagates  itself  into  the  left,  and  there  raises  up  an  image 
almost  equal  in  vividness  to  itself;  and.  cons<-quenily, 
when  we  see  with  one  eye  only,  wc  may  however  have 
pictures  in  both  eyes. 

It  is  a common  observation,  says  Dr.  Smith,  that  ob- 
jects seen  with  both  eyes  appear  more  vivid  and  stronger 
than  they  do  to  a single  eye,  especially  when  both  of  them 
are  equally  good.  Forlerficld  on  the  Eye,  vol,  ii,  pa.  285, 
315.  Smith's  Optics,  Remarks,  pa. 31.  Reid’s  Inquiry, 
pa.  267.  Mem,  Presentes,  pu.  514.  Acad.  Pur.  174?. 
Mem.  Hr.  3S4.  Hanley  on  Man,  vol.  i,  pa.207.  Priest- 
ley’s Hist,  of  Light  and  Colours,  pa.  663,  Sec. 

Wheoce  it  is  that  we  see  objects  erect,  when  it  is  ccr- 
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turn  that  the  images  thereof  are  painted  inrcrlcdly  on  the 
ri'tiiui,  is  another  ditlicully  in  the  theory  of  seeing.  IVs- 
enrtes  flccountii  for  it  iiciice,  that  the  notice  which  the 
ftoul  takes  of  the  object,  does  not  depend  on  any  image, 
nor  any  action  coming  Irum  the  object,  but  merely  on  the 
sitUHliun  of  the  raimile  parts  of  the  bruin,  whence  the 
nerves  arise  ; ex  gr.  the  situation  of  a capiliainent  brain, 
which  occasions  the  soul  to  see  all  those  places  lying  in  a 
right  lini'  wiih  it. 

^ But  Mr.  Mulyiieux  gives  another  account  of  this  mat- 
ter. The  eye,  he  observes,  is  only  the  orcan,  or  instru* 
ment ; it  is  the  soul  that  sees.  '|'u  enquire  then,  how  the 
soul  |>eiceives  the  object  erect  by  an  inverted  inuige,  is  to 
enquire  into  the  soul’s  faculties.  Again,  imagine  that  the 
rye  receives  an  impulse  on  its  lower  pmt,  by  a ray  from  the 
upper  part  o)  ait  object;  must  not  the  visive  faculty  be  hereby 
direeted  to  cnn>ider  this  stroke  as  coming  from  the  top, 
rather  than  the  bottom  of  the  object,  and  consequently  be 
determined  to  conclude  it  the  representation  of  the  top  f 

On  these  principles,  we  arc  to  consider,  that  inverted 
is  only  a relaOvc  firrm,  and  that  there  U a very  great  dif- 
ference between  the  real  object,  and  tbe  means  or  image 
by  which  we  pt>rcrivc  it.  When  all  the  parts  of  a distant 
pro.vpect  arc  painted  on  the  retina  (supposing  that  to  be 
tbe  seat  of  vision),  they  are  all  right  with  respect  to  one 
another,  as  well  as  the  parts  of  the  prospect  itself;  and 
wc  can  only  judge  of  an  object  being  inverted,  when  it  is 
turned  reverse  to  its  natural  position  with  respect  to  other 
objects  which  wc  see  and  compare  it  with. 

The  eye  or  visive  faculty  (says  Molyneux)  lakes  no 
notice  ot  the  internal  surface  of  its  own  parts,  but  uses 
them  as  an  instrument  only,  contrived  by  nature  for  the 
exercise  of  such  a faculty.  If  we  lay  bold  of  an  upright 
stick  in  the  dark,  we  can  tell  which  is  the  upper  or  lower 
part  of  it,  by  moving  our  hand  upward  or  downward ; and 
very-  well  know  that  we  cannot  feel  the  upper  end  by  mov< 
ing;uur  hand  downward.  Ju^t  so,  we  6nd  by  experience 
and  habit,  that  by  directing  our  eyes  towards  a tall  object, 
we  cannot  see  its  top  by  turning  our  eyes  downward,  nor 
its  fool  by  turning  our  eyes  upward  ; but  must  trace  the 
object  the  same  way  by  the  eye  to  see  it  from  head  to  foot, 
as  we  do  by  the  hand  to  feel  it ; 4ind  as  the  Judgment  is 
informed  by  the  motion  of  the  hand  in  one  case,  so  it  is 
also  by  the  moiion  of  the  eye  in  the  other. 

Mulyneus’s  Dioptr.  pa.  105,  &c«  Musschenbroek's 
tnt.  ad  Phil.  Nut.  vol.  ii,  pa.  76'2.  Ferguson’s  Lectures, 
pa.  132.  See  VTviju.n,  Vision,  ic. 

SEGMENl',  ill  Geometry,  is  a part  cut  off  the  top  of 
a figure  by  a tine  or  plane  ; and  the  part  remaining  at  the 
bottom,  after  the  segment  is  cut  off,  is  called  a frustum, 
or  a zone.  So,  a 

StUMENT  qf  Cl  Ctreie,  is  a ]>art  of  the  circle  cut  off  by 
a chord,  or  a portion  comprehended  by  an  arch  and  its 
chord  ; and  may  be  either  greater  or  less  than  a kemicircle. 
Thus  the  portion  abca  is  a segment  less  than  a semi- 
circle; and  AOCA  a s-egmeni  greater. 

The  angle  formci^  by.  lines  drawn 
from  the  extremities  of  a chord  to 
meet  in  any  point  of  the  arc,  is 
called  an  angle  in  the  segment.  So 
tbe  angle  abc  is  an  angle  in  the  seg> 
ment  abca  ; and  the  angle  AtK,  an 
angle  in  the  segment  .adca. 

Also  the  hmIc  b is  said  to  be  the 
angle  upon  ihcT segment  adc,  and  o 
the  ao^e  on  tbe  segment  aoc. 


The  angle  which  the  chord  ac  makes  with  a tangent  ir, 
is  called  tbe  angle  qf*  a segment ; and  it  is  equal  to  the 
angle  in  the  aitenmle  or  supplemental  segment,  or  equal 
to  the  supplement  of  the  angle  in  the  same  segment.  So 
the  angle  ace  is  the  angle  nf  the  segment  abc,  and  is  equal 
to  the  angle  adc,  or  to  the  supplement  lif  the  angle  b ; 
also  the  angle  acf  is  tbe  angle  qf  the  S4>gmenl  aoc,  and  is 
equal  to  the  BDgle  a,  or  to  the  supplement  uf  the  angle  d. 

The  area  of  a segment  abc,  is  evidently  equal  to  the 
, difference  between  the  sector  oabc  of  the  same  arc,  and 
the  triangle  oac  on  the  same  chord;  the  tnan^^Ie  being 
subtracted  from  the  sector,  to  give  the  segment  when  less 
than  a semicircle;  but  to  be  added  when  gn>uter.  See 
more  rules  for  the  segment  in  my  Mensuration,  pa.  99,  &c, 

4lh  cnlition. 

Simt/ar  Sfcments,  arc  those  that  have  their  chords 
directly  proportional  to  their  radii  or  diameters,  or  that 
have  similar  arcs,  or  such  as  contain  the  same  number  of 
degrees. 

Segment  qf* a Sphere,  is  a part  cut  off  by  a plane. 

The  base  of  a <cEmeiu  is  alwuys  a circle.  And  the  con- 
vex surfaces  of  different  segments,  of  the  same  sphere,  are 
to  each  other  as  their  alliludes,  or  versed  sines.  And  as 
(he  whole  convex  surface  of  the  sphere,  is  equal  lu  4 of  its 
great  circles,  or  4 circles  of  the  same  diameter ; so  tbe 
surface  of  any  segment,  is  equal  to  4 circles  on  a diame- 
ter equal  to  the  chord  of  half  tbe  arc  of  the  segment.  So 
that  if  d denote  the  diameter  of  tbe  sphere,  or  the  chord 
of  half  the  circumference,  and  c the  chord  of  bail  the  arc 
of  any  other  sogriKmt,  also  a thp  altitude  or  versed  sine  of 
tbe  same;  then, 

3' 141  fid*  is  the  surface  of  (he  whole  sphere,  and 
3'I416c*,  or  3*14l6ad,  the  surfscc  of  tbe  segment. 

For  the  solid  content  of  a segment,  there  are  two  rules 
usually  given  ; vis,  1.  To  3 times  the  square  of  the  radius 
of  its  base,  add  the  square  of  its  height ; multiply  the  sum 
by  the  height,  and  the  product  by  *523fi.  Or,  2dly,  From 
3 times  (he  diameter  of  the  sphri^,  subtract  twice  the 
height  of  the  frustum ; multiply  the  n'maindcr  by  the 
square  of  the  height,  and  the  product  by  ’5236.  That 
is,  in  symbols,  the  solid  content  is  either 
= -52360  X (3f*  o*),  or  = 52360*  * (3d  - 2«) ; 

where  a is  the  altitude  of  the  segment,  r the  radius  of  its 
base,  and  d the  diameter  of  the  whole  sphere. 

Line  q^StOMEKTM,  are  two  particular  lines,  so  called, 
on  Gunter’s  sector.  They  lie  between  the  lines  of  sines  f 
and  supriiicies,  and  arc  numbered  with  5,  fi,  7,  6i  9*  10. 
They  represent  the  diameter  of  a circle,  so  diviib-dinto 
100  parts,  that  a right  line  drawn  through  those  parts, 
and  perpendicular  to  the  diameter,  shall  cut  the  circle 
into  two  segments,  the  greater  of  which  will  have  the 
same  proportion  to  the  whole  circle,  ns  tho  parts  cut  off 
have  lo  J0(). 

8ELKNOGR/\PHV’,  the  description  and  representa- 
tion of  the  moon,  with  all  the  parts  and  appearances  of 
her  disc  or  face;  as  geography  does  those  of  the  earth. 
Since  the  inveniinn  of  the  telescope,  srlenot«rMphy  is  very 
much  improved.  We  have  now  distinct  names  for  most  of 
thexupposed  regions,  seas,  lakes,  mountains,  &c,  visible 
in  the  monfi's  body,  Hevelius,  a ceb  brated  astronomer 
of  Dantzic,  and  who  published  the  first  wlrni.graphy, 
named  the  >evcral  places  of  the  moon  from  those  of  the 
earth.  But  Riccioli  afterwards  called  them  by  the  names 
of  the  most  celebrated  astronomers  and  philosophers. 
’I'hus,  what  the  one  calls  Mons  Porphyrites,  the  other 
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calls  ArUiarchuf ; tvliat  .the  anr  calls  Sinai,  Athos, 

Aprnninus,  &c,  the  oilier  calls  Copernicus,  Eusidontus, 
'lycho,  Gasi^ndus,  ('assini  has  published  a work 

caiUil  Instrunions  Scleniejucs,  and  has  published  ihe  best 
map  of  ibc  moon. 

SELKUClUAL,  in  Chronology*  iho  era  of  the  Seleuci- 
da',  or  the  Syn>-Macod(mian  era,  which  is  a cumpniAtion 
of  time,  commencing  from  the  establishment  of  the  Selcti- 
ci<lx’,  a raoc  of  Gret'k  kings,  who  reigned  as  successors  of 
Alexander  the  Great,  in  Syria,  as  the  Ptolemies  did  in 
Egypt.  According  lo  the  best  accounts,  the  lirst  year  of 
this  era  falls  in  the  year  31 1 b<*forc  Christ,  which  was  12 
years  after  the  death  of  Alexander. 

SELL,  in  Building,  » of  two  kinds,  via,  Ground-Sell, 
which  iknoies  the  lowest  piece  of  limber  in  a wooden 
bitilding,  and  that  upon  which  the  whole  superstructure  is 
raised.  And  k*)I  ot  u window,  or  of  n door,  which  is  the 
butlum  piece  in  the  frame  of  them,  upon  which  they  rest. 

SLMiCIHCLE,  in  Geometry,  is  half  a circle,  or  a A- 
gure  coinpirliended  between  the  diameter  of  a circle,  and 
half  the  circumference. 

SEMlcinCLE  is  also  an  instrument  In  Surveying,  some- 
times caHcd  the  Graphome ter.  It  consists  of  a semicir- 
cular limb  or  arch,  as  no  (Ag.  3,  pi.  32)  divided  intoltiO 
degrees,  and  sometimes  subdivided  diagonally  or  otherwise 
into  minutes.  This  limb  is  subtended  by  a diameter  lO, 
having  two  sights  erected  at  its  extremities.  In  the  centre 
of  the  semicircle,  or  the  middle  of  the  diameter,  is  Axed 
a box  and  needle;  and  on  the  same  centre  an  ali- 
dade, or  moveable  index, .carrying  two  other  sights,  as  ii, 

1 : the  whole  being  set  on  a staff,  vriih  a ball  and  socket, 
&c. 

Hence  it  appears,  that  the  semicircle  is  nothing  but  half 
a theodolite ; with  this  only  difference,  that  whereas  the 
limb  of  the  theodolite,  being  an  entire  circle,  takes  in  all 
the  360°  successively  ; while  in  the  semicircle  the  degrees 
only  going  from  1 to  180,  it  is  usual  to  have  the  remaining 
ISO®,  or  those  from  180°  to  3()0°,  graduated  in  another 
line  on  the  limb  within  the  former. 

To  take  an  An^te  Miith  a Scm/circ/r.— Place  the  instru- 
ment in  such  inauiier,  as  that  the  radius  co  may  hang 
over  one  leg  of  the  angle  to  be  measured,  with  the  centre 
c over  the  vertex  of  the  same.  The  Hrsi  is  done  by  look- 
ing through  the  sights  F end  o,  at  (he  e.\tremitk*s  of  the 
diameter,  to  a mark  Axed  up  in  one  extremity  of  the  leg; 
and  the  latter  is  had  by  lettmg  fall  a plummet  from  the 
centre  of  the  instrument.  'I'his  done,  turn  the  moveable 
index  ill  on  its  centre  towards  the  other  leg  of  (he  angle, 
till,  through  the  sights  Axed  in  it,  you  sec  a mark  in  the 
extremity  of  the  leg.  Then  the  degree  which  the  index 
cuts  on  the  limb,  is  the  quantity  or  measure  of  the  angle. 
Other  uses  are  the  same  as  in  the  theodolite. 

SEMICUBICAL  Para- 
bola, a curve  of  the  2d  or- 
der, of  such  a nature  that  ihe 
cubits  of  the  ordinates  are 
proportional  to  the  squaresof 
the  abscisses,  its  equation 
being  ay’  = This  curve, 

.vMm,  is  one  of  Newt*.m's  Ave 
diverging  parabolas,  being  his 
'70(ii  species;  having  a cusp 
otherwise  named  the  Neilian  parabola,  from  the  name  of 
the  author  who  Arst  treated  of  it,  or  squared  it. 

The  area  of  the  space  apm,  is  s i^ap  x fm, 

or  ^ of  the  circumscribing  rectangle. 


at  its  vertex  at  a.  It  is 


The  content  of  the  solid  generated  by  the  revolution  of 
the  spaccAPM  about  tbeaxis  ap,  is  ipjry^  ss  ‘7864ap  x 
rx\  or  i of  the  circumscribing  cylinder.  And  a circle 
equal  to  (he  surface  6f  that  solid  may  be  found  from  the 
quadrature  of  an  hyperbolic  space. 

Also  the  length  of  any  arc  am  of  the  curve  may  be 
easily  obtiiined  from  the  quadrature  of  a space  contained 
under  part  of  the  curve  of  the  common  parabola,  two  sc- 
miordiimtrs  to  the  axis,  and  the  part  of  the  axis  contained 
between  them.  ^ 

This  curve  may  be  described  by  a continued  motion, 
via,  by  iastctiing  the  angle  of  a square  in  the  vertex  of  a 
C'omroun  parabola;  and  then  carrying  the  intersection  of 
one  side  ot  this  square  aud  a long  ruler  (which  ruler  al- 
ways moves  perpendicularly  to  the  axis  of  the  parabola) 
along  the  curve  of  that  parabola.  For  the  intersection  of 
the  ruler,  and  the  other  side  of  the  square  will  describe  a 
Si-micubical  parabola.  Maclaurin  perlorins  this  without 
a common  parabola,  in  bis  Geomelria  Organica. 

SKMIDIAMETER,  the  Radius,  or  half-diameter  of  a 
circle  or  sphere,  is  a line  drawn  from  <he  centre  to  the 
circumference.  And  in  any  curve  that  has  diameters  and 
a centre,  it  is  the  radius,  or  half-diameter,  or  a line  drawn 
from  the  centre  to  some  point  in  the  carve. 

llie  distances,  diameters,  &c,  of  the  heavenly  bodies, 
are  usually  estimated  by  astronomers  in  seroidiametrrs  of 
the  earth  ; the  number  of  which  terrestrial  semidiamc- 


tors,  contained  in 

that  of  each  of  those  planets,  is  as  below. 
•SeiDidisRi.  Srmiditia. 

The  Earth  - 

- 1 

Juno 

. . 

Ihe  Sun 

- ^11-25 

Pallas  - 

The  Moon  • 

- 0-27 

Ceres  - 

Mercury 

- 0*38 

Jupiter 

- - 11*81 

Venus  - - 

- M5 

Saturn 

- - 9*77 

Mars  • - 

Vesta  - - 

- 0-65 

Uranus 

- - 432 

SEMIDIAPASON,  in  Music,  a defective  or  imperfect 
octave ; or  an  octave  diminished  by  a lesser  semitone,  or 
4 commas. 

SEMIOIAPENTE,  in  Music,  a defective  or  imperfect 
Afth,  called  usually  by  xhe  Italians,  falsa  quinta,  and  by  us 
afalscArih. 

SEMIDIAl'ESSARON,  in  Music,  a defective  fourth, 
called  also  a false  fourth. 

HEMIDIATOXE,  in  Music,  is  the  lesser  third,  having 
its  terms  as  6 to  5. 

SEMIORUINA'I'ES,  in  Geometry',  the  halves  of  the 
ordinates  or  applicates,  being  the  lines  applied  between  the 
absciss  and  the  curve. 

SEMIPAUABOLA,  &c,in  the  higher  geometry’,  a curve 
defined  by  the  equation  tn“~'  as  ax*  « y^,  or 

ax'*  = &c.  In  scroiparabolas.y"  : p®  : : ox^* : at*"*;  : 

x*‘*  : ; or  the  powers  of  the  semiordinutes  arc  as  the 

powers  of  the  abscisses  one  degree  lower : for  instance,  in 
cubical  scmiparabola;-,  the  cubes  of  tbe  ordintktesare  as  the 
squares  of  the  abscisses ; that  i»,y*  : r*  : : x*  : 

SEMIQUADRATE,  or  Semiquabtile,  is  an  aspect 
of  the  planets,  w hen  distant  from  each  other  one  sign  and 
a half,  or  45  degrees. 

SEMIQUAVER,  in  Music,  tbe  half  of  a quaver. 

SF.MIQU  INTILE,  is  an  aspect  of  the  plam-ts  when  dis- 
tant from  each  other  the  half  of  a 5th  of  tbe  circle,  or  by 
36  degrtes. 

SF.MISEXTILE,  an  aspect  of  two  planets,  when  they 
are  distant  from  each  other  30  degrees,  or  tbe  half  of  a 
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trxtilc,  which  i&2  «igti5or  dO^.  The  semiicxtilcu  marked 


SEMiTONK,  in  a half  tone  or  half  note,  one 

of  ihe  degrei's  or  imervnU  of  concurda.  There  arc  three 
dcj^rees,  or  h>ii  ini'ivala,  by' which  a »ound  can  move  up« 
nards  and  duivnwards,  aucce&»jvdy  li»m  one  eMrcine  of 
ttiiy  concord  to  the  other,  and  yet  produce  true  tmdcKly. 
ThfH*  tlejjnes  hit  the  greater  tone,  the  Im  tone,  and  the 
semitone.  'i£u  ratios  delining  these  intervuit  are  ibeHs 
via,  the  grt  ater  tone  A to  the  leM  lone  p to  it),  and  the 
M'mitone  13  to  Id.  Its  ctunpa^s  it  3 commas,  and  it  baa 
Its  name  from  being  marly  bait  a whole,  (hough  it  i«  really 
somewhat  more. 

There  are  several  species  of  semitones;  but  thc»c  tlnil 
usually  occur  in  practice  are  of  two  kinds,  distinguished 
by  the  addition  of  greater  and  less.  'I'he  lirst  is  expressed 
by  the  ratio  of  l6  to  13,  or  ; and  the  second  by  to 
S24,  or  'I'lie  octave  coniHins  lO  semitones  major,  and 
2 dieses,  nearly,  or  17  H’iniloues  tnjm»r,  nearly;  lor  the 
measure  of  the  octave  being  exp^^sijcd  by  the  log.  100,0U0, 
the  K'mitone  major  will  be  measured  by  • O.Opd  1 1, 
and  the  semiluiK!  minor  by  • - 0,038^9. 

1‘hese  twoditi'er  by  a whole  enharmonic  di&is;  whi«  h is 
an  interval  practicable  by  the  voice.  It  was  much  in  use 
among  the  ancient^,  and  is  not  unknown  among  modern 
prartitionrrs.  Euler  Tent.  Nov.  Tlicor.  Mus.  ;>a.  107. 
See  Interval. 

These  sernitonen  are  called  fictitious  notes;  and,  with 
respect  to  the  natural  ones,  they  arc  expressed  by  cha* 
racicrs  called  Hots  and  sharps.  "Ihc  use  of  iln-m  is  to  re- 
medy the  delects  of  instrnnienls,  which,  huving  their 
aoumU  fixed,  c.>niiot  always  be  made  to  answer  to  the  dia- 
tonic  scale.  By  means  of  these,  we  have  a new  kind  ol 
scale,  called  the 

SEMrroNlC  SenUt  or  the  Scfile  of  3cm(/onr<,  which  is 
a scale  or  system  of  music,  consisting  of  12  degrees,  or  13 
notes,  in  the  octave,  being  an  improvement  on  the  natural 
or  diatonic  scale,  by  inss'rting  betwt  en  each  two  noU's  of 
it,  Muother  note,  which  dividi^  the  inUTval  or  tone  into  (wo 
unequH)  parts,  called  semitones. 

The  use  of  this  scale  is  for  instruments  that  have  fixed 
sounils,  U5  the  organ,  harpsichord,  which  are  exceed- 
ingly  defective  on  the  foot  of  the  natural  or  diatonic  scale. 
For  the  degrees  of  the  scale  being  um-qual,  from  every 
note  to  its  octave  there  is  a different  order  of  degrees;  so 
that  from  any  note  we  cannot  find  every  interval  in  a series 
of  fixed  sounds ; which  yetis  ncceiisary,  th;il  all  the  notes 
of  a piece  of  music,  curried  through  H'veinl  keys,  may  be 
found  in  their  just  tune,  or  that  the  same  song  may  be  be- 
gun indifierenlly  at  any  note,  as  may  be  necessary  for  ac- 
commodating some  instrument  to  others,  or  to  the  voice, 
when  they  are  to  accompany  each  other  in  unison. 

The  diatonic  scale,  beginning  at  the  lowest  note,  being 
first  settled  on  an  instrument,  and  the  notes  of  it  distin- 
guished by  their  names  «,  fi,  c,  d,  e,/,g;  the  inserted 
notes,  or  semitones,  ate  called  fictitious  notes,  and  lake 
the  name  or  letter  below  with  a"*,  as  c*  called  c sharp; 
signilytng  that  it  is  a K*mitone  higher  than  the  sound  of  c 
in  the  natural  series;  or  this  mark  ^ called  a fiat,  with 
the  name  of  the  note  above  signifying  it  to  be  a semitone 
lower. 

Now  ^ and  being  the  two  semitones  the  greater 
tone  is  divided  into,  and  fj  and  the  semitones  the  less 
tone  is  divided  into,  the  whole  octave' will  stand  in  the 


fi  r& 
con- 
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lollowing  scLrmr,  wbere,thc  ratio*  of  uch  ti  rm  (o  tlie 
next  are  wrttleu  Iractiou.wisc  between  iJieni  bei<nv 
C.  c«.  rf.  ,/•.  r.  ,•  re. 

. . T*.  ri  J}  II  f!- 

lor  the  uanK^  ot  ibe  wuervaU  in  ibis  scale,  it  may  be 

iidcrttl,  tliut  «s  the  note.  odJed  to  the  oatural  Mtale  are 
not  dmijjned  to  alter  the  .pecie.  of  mdotly,  but  leave  it 
alill  dialouic,  and  only  correct  certain  defect*  arinma  irom 
something  loreign  to  ilie  office  of  the  scale  of  inu.ic,  via, 
the  liMiigand  limning  the  sound*  ; we  s.  e the  rea,oii  why 
the  name,  ut  the  natural  scale  are  continued,  only  making 
a distinction  of  each  into  a greater  and  le*.,  '1  bus  an  in- 
terval i.f  one  semitone,  is  called  a less -second  ; of  two 
seaiiitonev,  a greater  second  ; of  three  semitones,  a lesa 
ttiiid  : ot  four,  a greater  third,  &C. 

A second  kind  of  semitonic  scale  we  have  from  another 
division  III  the  octave  into  semiumes,  which  is  performed 
by  taking  an  harinonical  mean  belwen  the  extremes  of 
the  greater  and  less  tone  of  the  natural  scale,  winch  di- 
vides It  imu  two  sciniioiie*  nearly  erjual.  Ihus,  the 
greater  lone  8 to  tj  is  divided  into  two  semitones,  which 
are  16  to  17.  and  17to  18;  where  16,  17.  IS.isan  ariili- 
nii  ticnl  division,  the  miinb.;rs  representing  the  lengths  of 
the  chords;,  but  if  ihi'y  represent  tbevibration,  tbe  lengths 
of  ihe  chords  are  retiproial;  vmas  I.  which  puls 

the  greatuf  semitone  next  the  lower  part  of  the  lone, 
and  the  lesser  |{  next  the  upper,  which  is  ihe  pn.perty  of 
the  harinvnicai  division.  Anil  utter  the  same  nianner  the 
less  tone  9 to  10  is  divided  into  two  semitones,  18  to  ip, 
and  111  to  go ; and  the  whole  octave  st.snds  ihus : 
c.  e*.  7.  U-.  e.  /.  ,r-  g.  g«.  ab.  4.  c. 

VT  t(  tj  t?  !r  vi  vi- 

I his  scale,  Atr.  balmon  tells  us.  in  the  Philosophical 
1 raiitacliuns.  he  made  an  rxpiTiineiil  of  before  Ihe  Royal 
Society,  on  chords,  exncily  in  Ihesti  proporiioin,  winch 
yielded  a |a-rlcct  concert  with  oiher  instruments,  touched 
by  Ibe  be.st  band*.  .Mr.  Malcolm  adds,  that,  having  cnl- 
culateel  the  ratios  of  them,  for  liis  own  sntistaciion.  he 
found  more  of  them  tuisc  than  in  tbe  prrcedingscaie,  but 
then  ilieir  errors  were  considerably  less,  which  made 
amends,  Malcolm’s  Music,  chap.  10.  ^ Q, 

SENMBLE  Hmi  zottf  cr  PoiMf  or  &c«  See 

ibr  subMaiitivrs, 

sSEKrUAGESIMA,  in  the  Galendsir,  iv  thc.Qtb  Sunday 
^forc  Kx'ter,  vo  cnlled,  n»  some  bavo  supposed,  btrcuusc 
ir  is  m-ar  70  day*,  ilmugh  in  reulity  it  i*  only  b'3  days, 
before  it.  ^ j j 

Sl-.UIES,  in  Algebra,  denotes  a rank  or  progir»ion  cf 
quamitie*  or  U^rms,  which  usually  proceed  according  to 
*on)c  certain  law. 


tV  ^C, 

* T 


As  the  seri«  I i ^ 

nr  the  H-rles,  1 ^ | 

where  the  former  \%  a geometrical  seric*.  prmrreding  by 
the  cotwtam  division  by  2,  or  the  donomimiiors  multi- 
plied by  2;  and  the  latter  is  an  harmoniral  series,  In-ing 
the  reciprucaUof  the  arithmetical  wrics  1,  2,  3,  +,  &c, 
or  the  cleruiminHlors  being  continually  increased  by  1. 

The  only  traces  of  the  doctrine  ol  veries  foundl  among 
ihc  ancieiiu  are  in  the  works  of  Archimedes  and  Pappus. 
1 bus,  in  compering  tbe  spheroid  with  the  cone  and  cylin- 
der, Archimedes  supposes  the  lcrm%  of- a prugresaion  to 
increase  constantly  by  the  some  ditfcrence,  and  deinfm- 
strates  several  properties  of  such  a pro^ressimi  relating 
to  the  sum  of  tbe  terms,  .and  the  sum  of  Iheir  squares; 
by  means  of  tvbicb  he  compares  the  parabolic  conoid. 
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tbe  ipheroi(J«  ami  hyperbolic  conoid*  witli  the  cone,  and 
ibe  area  of  hi»  spiral  line  wilh  the  art's  of  the  circle. 
Again,  in  his  Treatise  on  the  Quadrature  of  the  Parabola, 
he  mentions  n progres^iou  whose  terms  decrease  con> 
slantly  in  the  ratio  of*  4 to  1 : but  he  does  not  suppose 
this  progression  to  be  continued  to  inlinily*  or  mention 
the  sum  of  an  infinite  number  of  terms;  though  it  is 
plain  that  all  that  can  be  understood  by  those  who  assign 
that  sum  was  fully  known  to  him.  He  contents  himself 
however,  with  demonstrating  this  plain  property  of  such 
a series,  th.it  the  sum  of  the  terms  continued  at  pleasure, 
added  to  the  | part  of  the  last  term,  ainounti  always  to 
^ of  the  first  term.  See  pr.  23  quad-  pamb. 

Pappus  touches  on  a subj«*ct  nearly  allied  to  the  mo* 
dern  doctrine  of  series,  in  the  4th  Uxrk  of  his  innihema* 
tical  collections,  where  he  treats  of  tbe  general  problem 
relating  to  an  infinite  scries  of  circles  inscribed  in  the 
space  called  arbclon,  contained  between  the  circumfe* 
fences  of  two  circles  touching  inwardly.  But  both  of 
these  authors  investigate  their  rcsjx'ctive  problems  geo* 
metrically,  and  without  any  reference  to  the  algebraic 
method. 

With  regard  to  series  considered  algebraically,  the  first 
notices  arc  found  in  the  works  of  Dr.  Wallis.  Thus,  in 
his  arithmetical  works,  published  in  1657,  he  for  the 


first  time  reduced  the  fraction  by  a continued 

division,  into  the  infinite  series  a -4- a r *f*  a ji* -*■  a n’ 
AR^-**6rc.  This,  and  a few  other  deductions  of  similar 
import,  gave  the  idea  to  Nic.  Mercator,  who  made  some 
advances  in  the  doctrine.  It  was  afterwards  taken  up 
by  Brouncker,  James  Cregory,  &c;  but  the  genius  of 
Mewtun  first  gave  it  body  and  form. 

This  raclbod  tschiefiy  useful  in  tbequadraturc  ufeurves; 
where,  as  we  often  meet  with  qaantities  which  cannot  be 
e.xpressed  by  any  precise  definite  numbers,  such  as  is  the 
ratio  of  the  diameter  of  a circle  to  the  circumference, 
we  are  glad  to  express  them  by  a series,  whicli,  infinitely 
continued,  is  the  value  of  the  quantity  sought,  and  which 
is  culled  an  infinite  series. 

Tke  TVa/are,  Origin,  S[c,  q/* Series. 

Infinite  serums  commonly  arise,  cither  from  a continued 
division,  as  was  practised  by  Mercator,  or  tbe  extraction 
of  roots,  as  first  performed  by  Newton,  wbo  also  ex* 
plained  other  general  ways  for  the  expanding  of  quao* 
lilies  into  infinite  series  as  by  the  binomial  theorem. 
Thus,  to  divide  1 by  3,  or  to  expand  the  fraction  4 
an  infinite  series;  by  division  in  decimals  in  the  ordinary 

way,  the  aeries  is 0*3333  &c,  or  t«Vw  '*■ 

Tales  where  tbe  law  of  continuation  is  manifest. 
Or,  if  the  same  fraction  4 be  set  in  this  form  and 

' S-t'  I * 

division  be  performed  algebraically,  the  quotient  will  be 


Or,  if  it  be  cx|)tcs«-tl  in  Ibii  form  by  a like 

division  there  will  ari»c  the  series, 


Again,  by  dividing  1 by  5— 9,  or6— 3,  or7  — ♦,  &c,  the 
series  answering  to  the  fraction  4,  may  be  found  in  an 
endless  TBiicty  of  infioite  series.  The  finite  quantity  } 
is  called  the  value  or  radi.x  of  the  series,  as  nlv>  iu  imn, 
being  the  number  or  sum  to  which  the  series  would 
amount,  or  the  limit  to  which  it  wo4fd  tend  or  approxi* 


mate,  by  summing  up  its  terms,  or  by  collecting  ibcm  to* 
gethcr  one  after  another. 

In  like  manner,  by  dividing  1 by  the  algebraic  sum 
or  by  a*-c,  the  quotient  will  be  in  these  two  cases, 
as  below,  via, 


where  the  terms  of  each  sv’rics  are  the  same,  and  they 
difiiT  only  in  this,  that  the  signs  ate  alternately  posi* 
tive  and  negative  in  the  former,  but  all  positive  in  the 
latter. 

And  hence,  by  expounding  a and  c by  any  numb<-rs 
whatever,  wc  obtain  un  endless  variety  of  infijiitc  series, 
wh<^  sums  or  values  are  known.  So,  by  taking  a or  c 
equal  to  1 or  'i  or  3 or  4,  ^c,  wg  obtain  these  senes,  and 
their  values  or  roots  : 


I s 
1 

a -i-  I 


— =3  I — l*i*l  — l-Hi  — i Ac, 
a 


= 1 - 2 -I-  ?*  - 2>  &c, 
1 1 1 I I , 


And  hence  it  appears,  that  tbe  same  quantity  or  ra- 
dix may  be  expressed  by  a great  variety  of  infinite  Se- 
rb's, or  that  many  different  series  may  hav'C  the  same  ra- 
dix or  value. 

Another  way  in  which  an  infinite  seri(*8  arises,  is  by 
tbe  extraction  of  roots.  Thus,  by  extracting  the  sc|uarc 
root  of  tbe  number  3 in  tbe  common  way,  we  obtain  its 
value  in  a series  as  follows,  viz,  v^3  ss  r7S205  Ac  s 
I *♦*  Va  T'c a Ti5*oo  ***  TOo'oiyo  in  which  way  of 
resolution  the  law  of  the  progression  of  the  series  is  not 
visible,  as  it  is  when  found  by  division.  Thus,  the  square 
root  of  the  algebraic  quantity  c*  gives 

,/(«»  = a + ^ -K  &c. 

And  a 3d  way  is  by  Newton*!  binomial  theorem,  which 
is  a universal  method,  that  serves  for  ail  kinds  of  quanti- 
ties, whether  fractional  or  radical  ones:  and  by  this 
means  the  same  root  of  the  last  given  quantity  becomes 


1 -3t* 


Ac,  where 


the  law  of  continuation  is  evident. 

Sec  Extraction  (if  ftooOi,  and  DiNtmiAL  Theorem. 

From  the  specimens  above  given,  it  appt'ars  that  the 
signs  of  tbe  terms  may  be  either  all  plus,  or  alternately 
plus  and  minus.  Though  they  may  be  varied  in  many 
other  ways.  It  also  appears  that  the  terms  may  be  cither 
Continually  smaller  ami  smaller,  or  larger  and  larger,  or 
they  may  be  all  equal.  In  the  first  case  therefore  the  sc- 
ries is  said  to  be  a decreasing  one,  in  tbe  9d  case  an  in- 
creasing one,  nud  in  iha  3d  case  an  equal  one.  Also  the 
first  series  is  called  u converging  one,  because  that  by  coU 
leciiiig  its  terms  successively,  taking  in  always  one  terra 
more,  the  successive  sums  approximate  or  coD«ergc  to  the 
value  or  sum  of  the  whole  infinite  series.  So,  in  the 
I 11111. 

scries  — = — = •h  — Ac, 

a — 1 i a 9 a?  si  * 

the  first  term  4 is  too  little,  or  below  4 which  is  the  value 
or  sum  of  the  whole  infinite  scries  proposex) ; the  sum  of 
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the  6nt  two  terms  j •*-  } is  | ss  ‘4444  ice,  is  also  too  the  series.  Again,  after  the  fint  two  terms  | the 

little,  but  nearer  to  } or  *5  then  the  former;  and  the  remainder  is  which  divided  by  the  same  divisor  3, 

sum  of  three  lemii  j ^ '*  44  = ’♦8*4«1  dre,  is  gives  for  the  supplement,  and  this  combined  with 

nearer  than  the  last,  but  still  loo  little ; and  the  sum  of  those  two  terms  { — makes  4— 4 ^ 

“ A ®*‘ i or  value  as  ^fore.  And  in  gene- 


four  terms  4 4 TT  A*  '•  It  = ‘493827  &c,  as  A or  i the  same  sum  or  value  as  before.  A 

which  is  again  neater  than  the  former,  but  still  too  little;  ral,  by  dividing  1 by  o -t-  c,  there  is  obtained 
and  this  is  always  the  case  when  the  terms  are  all  positive.  i i « ^ 

But  when  the  converging  series  has  its  terms  alternately  - p-  .---± qp 

positive  and  negative,  then  the  successive  sums  are  alter-  ^ * «**' 

nately  too  great  and  t(xj  little,  though  still  approaching  where,  slopping  the  division  at  any  term  as 
nearer  and  nearer  to  the  final  sum  or  value.  Thus  in  ^ t 

in  the  series  the  remainder  after  this  term  is — 

__i_  _ j I L&c 

tht  ill  term  | = 333  kc,  is  too  great!’  ” ’’J'*'’'  «">c  divisor  n -t-  c,  gives  Tor 

two  terms  i — A = ‘Sai  &c,  are  too  little,  i . . i + 'i 

time  terms  ■ - J -e  ,’t  = '259Si9  &c,  are  too  great,  above.  . 

four  terms  A - A t Vt  - iV  = -**6913  &c.  are  too  LauMif  Q>a«»«ot.o».-A  series  Umg  propped,  one 

small,  and  so  oS.  alirnale"  loo  great  and  too  small.  ° concerning  it.  i,  to  hnJ  the  law  of 

but  ever,  succeeding  sum  still  nearer  than  the  former,  or  uni^versj  rule  can  ^ given 

convereina  for  this;  but  it  often  happens  that  the  terms,  uken  two 

In  the  s«ond  case,  or  when  the  terms  become  larger  •"'*  ‘b'™  “"‘I  ‘b™-  “cj"  gfcajer  numbers,  have 

and  larger,  the  scries  is  called  a diverging  ow,  because  >“  »bvious  and  simple  relation,  by  which  t^ 
that  by  collecting  the  terms  continually,  the  succeasive  '•c'cc^n'd  and  produced  indefinitely.  Thus,  if  1 be  di- 
sums  diverge,  or  go  always  farther  and  farther  from  the  by  ‘ ~ ‘bo  quotient  will  be  a geometrical  pro. 

true  value  or  radia  of  the  series;  being  all  too  great  when  p"'™. \ * »^.&c,  where  the  succeeding 
the  terms  are  all  positive,  but  alternately  too  great  and  *™  P™‘*““‘1  by  the  continual  mnluplicat.on  by  r. 

too  little  when  they  are  alternately  positive  and  negative.  *“  ''1”“  ““"■'CMn  “‘her  cases  of  division,  other  pro- 
Thus,  in  the  series  gre«.ons  are  produced 

I . But  in  most  cases  the  relation  ol  the  terms  uf  a senes 


Thus,  in  the  series 

-i—  = — =a  1-20-A-8&C. 

i -ft  9 

the  fint  term  1 is  too  great. ' 
two  terms  1 — 2 = — 1 arc  too  little, 
three  terms  1 — 2 4 =s  3 arc  too  great, 

four  terms  I — 2-**4— 8 = — 5 a re*  too  little, 
and  so  on  continually,  after  the  2d  term,  diverging  more 
and  more  from  the  true  value  or  radix  4*  but  alternately 


is  not  constant,  ai  it  is  in  those  that  arise  by  division.  Yet 
their  relation  often  varies  according  to  a certain  law,  which 
h sometimes  obvious  on  inspection,  and  sometimes  it  is 
fouud  by  dividing  the  successive  terms  one  by  another, 
icc.  Thus,  in  the  series 

1 -**  4-^  Ti**  the  2d 


and  more  from  the  true  value  or  radix  j,  but  alternately  by  the  1st,  the  3d  by  the  2d,  thc  Alli  by  the  3d,  and 

loo  great  and  too  little,  or  positive  and  negative.  Hut  iheal-  »«".  ‘be  quotients  will  be  Jr,  ft,  «r,  ir,  &c;  and  there- 
ternate  sums  would  be  always  more  and  more  loo  great  if  1®^®  the  terrns  rnay  be  continued  indefinitely  by  the  soc- 
the  terms  were  all  positive,  and  always  too  little  if  negative.  cc'SJ'c  multiplication  by  these  fractioi».  Also  in  the  fol- 
But  in  the  third  case,  or  wlien  the  terms  arc  all  ecjual,  *®*'*®*  f 4-*^  aW  ***  v4f* 

the  scries  of  equals,  with  nUernulc  signs,  is  called  a neu-  the  adjacent  terms  successively  by  each  other,  ihc^ 

tral  one,  because  the  successive  sums,  found  by  a con*  of  quotients  is  4^,  |4x,  ice,  or 

tinual  collection  of  the  terms,  are  always  at  the  same  Llj,  Mj,  ^c;  and  therefore  the  terras  of  the 

distance  from  the  true  value  or  radix,  but  alternately  po* 

silivc  and  negative,  or  too  great  and  loo  little.  1 bus,  in  series  may  be  coDtiuued  by  the  raultiplicalion  of  these 
the  series  fractions. 


— -X,  ^c;  and  therefore  the  terms  of  the 
0.7  a.9 


-i—  = — =s  I-l-I-l-l-l-l-l&C, 

I I a 

the  first  term  1 is  too  great, 

two  terms  1 — 1 = 0 arc  loo  little, 

thn'c  terms  1 — I •»>  1 a 1 too  great, 

four  terms  1 — 1 -e-  1 — IswOloo  little, 

and  soon  continually,  the  successive  sums  being  alter 


series  may  be  coDtiuued  by  the  multiplication  of  these 
fractions. 

Another  method  of  expressing  the  law  of  a series,  is  one 
that  defines  the  series  itself,  by  its  general  term,  showing 
the  relation  of  the  terms  generally  by  their  distarscesfrom 
the  beginning,  or  by  differential  equations.  To  do  this, 
Mr.  Stirling  conceives  the  terms  of  the  scries  to  be  placed 
as  so  many  ordinates  on  a right  line  given  by  position, 
taking  unity  as  (be  common  interval  between  these  urdi- 


oaieiy  1 and  O,  which  arc  equally  different  from  the  true  nates.  The  terms  of  the  scries  ho  denotes  by  the  initial 
value  nr  radix  the  one  as  much  above  if,  as  the  other  letters  of  (he  alphabet,  a,  B,  C,  d,  &c;  a being  the  first, 


below  it. 

A srrirs  may  be  terminated  and  rendered  finite,  and 
accurately  equal  to  its  radix,  by  assuming  the  supple- 
ment or  remainder,  after  any  particular  term,  and  com- 
bining it  with  the  foregoing  terms.  So,  in  the  series  4 


D tho  2d,  c the  3d,  &c  : and  he  denotes  any  term  in  ge- 
neral by  the  letter  t,  and  the  rest  following  it  in  order  by 
T*,  t",  t“\  itc  I also  the  distance  of  the  term  t from 
any  given  term,  or  from  any  given  intermfiliatc  point  be- 
tween two  terms,  he  denotes  by  the  indeterminate  quantity 


4 *t*  4 ~ A equal  to  and  found  by  z:  10  that  the  distances  uf  the  tenns  t',  1'',  t"',  ^c,  from 


dividing  1 by  2 1,  after  the  first  term,  of  the  quo-  the  said  term  or  point,  will  be  2 


2,2  1-  3.  dec; 


licnt.  the  remainder  is  — 4,  which  divided  by  2 -f-  1,  or  because*  the  increment  of  the  absciss  is  the  common  in* 
.3,  gives  — 4 for  the  supplement,  which  being  combined  terval  of  the  ordinates,  or  leniis  of  the  HTies,  applied  lo 


mb  the  first  terra  *»  8“''®*  4 ~ 4 * 
Vot.  U. 


4 the  true  sum  of  the  absciss. 
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TlieM  tBinp  l*‘"g  '*>i*  «w»  **  P»ui><»«>. 

*it,  I,  tx,  {X*.  Ar*.  Ax'*.  x'xV'’.  fcc:  « “ " 

found,  by  di.iding  the  term*  by  eucb  olbor,  the  rela- 
tions of  the  UTim  arc,  . v 

B = 4ai,  c = IBX,  D = icx,  E = iox,  &c i lh«  life 
relation  in  getieral  will  be  dcBnetl  by  the  equation 

. _ „ or  *^TX,  where z denotea  the  disuace 

' Ik  -»•  a *-fi  . • 

of  T from  the  fint  term  of  the  leri.-i.  For  by  substituting 
0,  I,  2»  3»  luccewively  instead  of  z,  the  same  rela- 

tions will  arise  as  in  the  proposed  series  above.  In  like 
manner,  if  z be  the  distaiice  of  t from  ibc  2d  lerro  of  tbe 

series,  the  equation  will  be  x’  = or  — m 

will  appear  by  substituting  the  numbers  - 1,0,  1.  2,3» 
&c,  successively  forx.  Or.  if  z denote  the  place  or  num- 
ber of  the  term  T in  the  scries,  its  successive  values  wi  1 
be  I,  2,  3,  4,  &c,  and  the  equation  or  general  term  will 

bexf= 

It  appears  therefore,  that  innumcrablcdifferenlioJ  equa- 
tions may  define  one  and  the  same  series,  according  to  the 
diil'erent  points  from  whence  the  origin  of  the  absciss  z is 
taken.  And,  on  the  contrary,  ilie  same  equation  dc6ncs 
innuraeraWc  different  series,  by  taking  different  successive 

values  of  z.  For  in  the  equation  t'  = — -^—rx, which  de- 
fines the  foregoing  iw^rics  when  1,  2,  3,  4,  dec  are  the  suo 
cessivc  values  of  the  abscisses;  if  1 1,  2y,  3J,  4x»  6cCf  be 
successively  substituted  for  z,  the  relations  of  the  terras 
arising  will  be,  it  = far,  c = fax,  d = ^x,  from 
whence  will  arise  the  series  a,  3AX,-,5fAx*,  |fAX*, 

£ic,  which  is  different  from  the  former. 

And  thus  the  equation  will  always  determine  the  senes 
from  the  given  values  of  the  absciss  and  of  the  first  term, 
when  the  equation  includes  but  two  terms  of  the  series,  as 
in  the  last  example,  where  the  first  term  being  given,  all 
the  rest  will  be  given. 

feut  when  the  equation  includes  three  terms,  then  two 
must  be  given  ; and  three  must  be  given,  when  it  includes 
four  ; and  so  on.  So,  if  there  be  proposed  the  series  x, 
. Jx*.  T^x*.  relations  of  the 

terms  arc,  b s=  t“AX  , < 

^Qation  defining  this  series  will  be 


gentlemaas  metbad,  tfaesom  of  the  series  may  be  foood  by 
avery  moderate  computacjoa.  See  Method.  JDifitT.  pa.  S6. 

Sexua  are  of  various  kinds  or  descriptions.  So, 

All  AjcvadiagSaaiES,  is  one  in  which  the  powers  of  the 
indeuTininatc  quantity  iucreasc;  as  I as  bx’  -*•  cr' 
dec.  And  a « 

Xkaceiuftng  Series,  is  one  in  which  the  powers  decrease, 
or  else  increase  io  the  deuomiuators,  which  is  the  same 
thing;  as 

B a b c « 

1 ax“*  bx"'*  car*  Ac, or  I ^ 

A Circular  Series,  which  denotes  a series  whose  sum 
dc|xmds  on  the  quadrslure  of  the  circle.  Such  is  the  se- 
rie^  ) I I I Ac  : Set;  Demoiviv  Misccl. 
Anulyt.  pa.  1 11,  or  my  Mensur.  pa.  11 9-  Or  the  sura  of 
the  series  1 J ^ continued  ad  in- 

finitum, according  to  Euler's  discovery. 

C:>iiriiiwed  Fraction  or  Strives,  is  a fraction  of  this  kind, 
to  infinity,  a 


= — cx’,Ac,the 

6,;  ’ 


d 


. h Ac. 

The  first  series  of  this  kind  was  given  by  lord  Brouncker, 
fiist  president  of  the  Royal  Society,  for  the  quadrature  of 
the  circle,  as  related  by  Dr.WalUs,  in  his  Algebra,  pa.  317- 
His  Mries  is, 

1 •+•  1 

n 9 


25 


♦9 


81 


(sk  — iy_{^  = 1” Vx*^wherethe 

‘ “ a*  . (4*  + I)  ** 

successive  values  of  * arc  1,  2,  3,  4,  Ac.  See  Stirlings 

Metbodus'Differi-ntialis,  in  the  introduction. 

This  may  suffice  to  give  a notion  of  these  differential 
equations,  defining  the  nature  of  scries.  But  as  to  the  ap- 
plication of  these  cqnations  in  inler|)olalions,  and  finding 
the  sums  of  series,  it  would  require  a treatise  to  explain 
it.  We  roust  thercfoiv  refer  to  that  excellent  one  just 
quoted,  as  also  to  Ucmoivre*s  Miscellanea  Analytica; 
and  several  curkius  papers  by  Euler  in  the  Acta  Petropo- 

litana.  r i.  • 

A series  often  converges  so  slowly,  as  to  be  of  no  hse  in 
practice.  Thus,  if  it  were  required  to  fin<l  the  sum  of  the 

-h  * r.,  * h * TT.  * 

Brouncker  founa  for  ihc  quBdrBtuieof  ihe  hyperbola,  true 
to  9 figures,  by  the  mere  addition  of  the  terms  of  the  se- 
ries i Mr  Stirling  computes  that  it  would  be  i«*ccssary  to 
add  a thousand  millions  of  terms  for  that  purpose;  for 
which  the  life  of  man  would  be  too  short.  But  by  that 


2 -I-  Ac, 

which  denotes  the  ratio  of  the  square  of  the  diameter  ofa 
circle  to  its  area.  Mr.  Euler  has  treated  on  this  kind  of 
series,  in  the  Petersburg  Commentaries,  vol.  1 1,  and  in  bis 
Analys.  Infinit.  vol.  I,  pa.  295,  where  he  shows  various 
uses  of  it,  and  bow  to  translorm  ordinary  fractions  and 
common  series  into  continued  fractions.  A common  frac- 
tion is  transformed  into  a continued  one,  after  the  manner 
of  seeking  the  greatest  common  measure  of  (he  numerator 
and  denominator,  by  dividing  the  greater  by  the  less,  and 
the  last  divisor  always  by  tbe  Iasi  remaiuder.  Thus  to 
change  to  a continued  fraction. 

59)  1401(  24 

118  x«.._./146l 


= 24  . 


1 


3 


Thcrcf.. 

281  59 

236 

♦5)  59(1 

ii  4 i- 

14)45(3  1* 

3)U(4 

17 

7)3(1 

2 

“02(2 

2 

It  it  not,  howeyer,  in  this  form  of  the  Krifz  that  they 
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•rciippiieci  to  any  uteful  purpo«cs  ; they  must  6r»tbe  re> 
duced  to  a senes  uf  ^uver^uig  fracuunt,  which  wiU  be 
fioicc  when  the  radix  U raiiona),  but  iufiiitte  when  the  ra- 
dix is  a surd.  The  rule  for  pt'riuriiiing  this  is  as  follows. 

Having  divided  one  numl>er  by  another,  as  above  di- 
rected, till  nothing  remains,  place  all  the  quotieou  thus 
arising  in  one  horisonul  line,  in  the  order  in  which  they 
were  obtained,  proceeding  from  left  to  right,  ‘rbeii  the 
first  fraction  will  have  1 tor  its  nunienilor,  and  the  first 
quotient  figure  fur  iu  denominator.  The  second  fraction 
will  have  tJ^  second  qaotknt  figure  for  iu  numerator ; 
and  for  its  denominator,  the  product  of  the  first  denoai- 
. tuUor,  and  the  aid  quotient  plus  1. 

And  all  the  other  terms  will  then  be  found  as  follows. 
For  the  Dumcraxor^  multiply  the  nun»n»tor  already  firuind 
by  the  iKxt  quotient  figure,  and  to  the  product  add  the 
preceding  numerator,  which  will  form  the  new  numerator. 
And  the  denominators  arc  obtaroed  in  exactly  the  same 
manner. 

Thus,  to  reduce  the  above  continued  frection  to  a series 
of  converging  fractions,  we  have 

Quotients  34,  1,  3,  4,  I,  3. 

Convriging 


fractions 


i ( s4  \i  9«  4JLI  s>e  14*1 

f T » T I 4 * T7  * Tr  » TV  • 

A surd  quantity,  such  as  y^l9»  is  reduced  to  a aeries 
of  converging  fractions,  which  will  go  on  to  infinity,  in  a 
similar  manner,  after  the  scries  of  quotients  9«  Sf>  9^t  9^t 
fire  is  obtained,  which*  is  done  by  taking  out  the  greatest 
square,  then  the  next  greatest,  and  so  on,  thus, 

7 = ^19 

t I _ v'lO  -t-  4 ^ 

* v'lll  - 4 

o'*  — ^ C=  ^ ^ = 

” s/l’i  — ‘A  > 

s •»  8 — 


s 2 -f- 


= I 


V^19  - 4 
^19  — 'S 

a 

V^IO  — 3 


«-  3 ^ 


=S  2 
=S  8 -I- 


V^19  - .1 
3 

y/io  — a 

S 

y/19  — 4 
9 

4 

i 

fitc. 


So  that  the  quotients  are 

4 2 1 3 1 2 8 2;  4,  2,  ],  &c. 

^ivIcE}*>  ?•  V.  IJ.  n.  of  “Wet 

fractions  approximates  towards  the  19:  difiering  from 
the  common  series  in  this,  that  in  those,  it  is  the  sum  of 
all  the  terms  that  gives  the  approximate  value  of  the  radix, 
whereas  in  this  each  term,  singularly,  approaches  towards 
the  value  of  the  radical. 

Cometrging  Scat  ax,  is  a scries  whose  terms  continually 
decrease,  or  the  successive  sums  of  whose  terms  approxi- 
mate or  converge  always  nearer  to  the  ultimate  sum  of 
the  whole  scries.  Ami,  on  the  contrary,  a 

Diverging  Series,  is  one  whose  terms  continually  in- 
crease, or  that  has  the  successive  sums  of  its  terms  di- 
verging, or  going  off  alwap  the  farther,  from  the  sum  or 
value  of  the  series. 

Determinate  Series,  is  a series  whose  terras  proceed 
by  the  powers  of  a determinate  quantity  i as 

If  that  detenninatequamity' 
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be  uitiiy,  the  series  is  said  to  be  dehimined  by  unity. 
Demoivre,  Mised.  Analyt.  pa.  Hi. 

imkirraumic Santas  b one  whose  terms  proceed  by 
the  powers  of  an  indeterminate  quantity  x ; as  # 

X -¥■  fr*  •«-  4-T*  |x*  &c ; or  sometimes  also  with  indo- 

termiaate  exponents,  or  indeterminate  coefficients. 

The  Fm  qf  a Serils,  is  used  for  that  affection  of  an 
indeterminatv  series,  »uch  as 

(iX'*~vx  -f-  cx  -*■  d I ficc,  «^hich  arises 
from  the  different  values  of  the  indices  of  i.  Thus, 

If  R = 1,  and  r s 1,  the  seriea-will  take  the  form 
ax  fir*  «*  -»•  dx*  ficc.  • 

If  » = 1,  and  r s 2,.  the  ferrro  will  be 
ax  -►  fix*  ex*  ‘4-  dx*  fire. 

If  n = I,  and  r s l,  the  form  is 

-f-  + ert  di^  See.  And 

•If  R s 0,  and  r s=  — 1,  the  form  will  be 
a fix~*  cx“*  f dx^»  See. 

When  the  value  of  a quantity  cannol,  be  found  exactly* 
it  is  of  use  in  algebra,  as  well  as  in  common  ariUimetic* 
to  seek  an  approximate  value  of  that  quantity,  which  may 
be  useful  in  practice.  Thus,  in  arithmetic,  as  the  true 
value  of  (be  square  root  of  2 cannot  be  assigned,  a de- 
ctranl  fraction  is  found  to  a sufficient  degree  of  exactness 
in  any  particular  case;  which  decimal  fraction  is  in 
reality^  no  more  than  an  infinite  series  of  fractions  con- 
verging  or  approximating  to  the  true  value  of  the  root 
sought.  For  the  expression  ^2  1*414215  Ac,  is 

equivalent  to  this  = 1 two  TeVw  *, 

or  supposing  X a 10,  to  this 


v^2  = l 


i &c. 


of  a 1 4z“‘  X"*  -«•  4x“*  -e  2x~*  Ac, 

which  last  series  is  a particular  case  of  the  more  general 

indeterminate  series  ox**  fix**  -f  cx*  Ac,  vir, 
when  ft  =!  0,  r a — I , and  the  coefficients  a = 1,  fi  a 4, 
c as  1,  d s 4,  Ac. 

But  the  application  of  the  notion  of  approximations 
in  numbers,  to  species,  or  to  algebra,  is  not  so  obvious. 
Newton,  with  bis  usual  sagacity,  took  (he  hint,  and  pro- 
secuted it;  by  which  were  discovered  general  methods 
in  the  doctrine  of  infinite  series,  which  had  before  been 
treated  only  in  a particular  *mannrr,  though  with  great 
ucuteness,  by  Wallis  and  a few  others.  Sec  Newton's 
Method  of  Fluxions  and  Infioito  Series,  with  Colson’s 
Comment;  as  also  the  Analysis  per  lEquationcs  Numero 
Terraioorum  Infinitas  published  by  Jom*s  in  1711,  and 
since  translated  and  explained  by  Stewrart,  together  with 
Newton's  Tract  on  Quadraturesi  in  1745.  To  these'may 
be  added  Maclaurin's  Algebra,  part. 2,  chap.  10,  pa.  244; 
and  Cramer's  Analyse  des  Lignes  Courbes  Algebraiques^ 
chap.  7t  pa.  148;  and  many  other  authors. 

Among  the  various  roctht^s  for  detcrminatiDg  the  value 
of  a quantity  by  a convergingseries,  that  sevms  preferable 
to  the  rest,  which  consists  in  assumii^  an  indetenninaie 
series  as  equal  to  the  quantity  whose  value  is  sought,  and 
afterwards  determining  the  values  of  the  terms  of  ibis  as- 
sumed series.  For  in.«tance,  suppose  a logarithm  were 
given,  to  find  the  natural  number  answering  to  it.  Sup- 
pose the  It^rithro  to  be  t,  and  the  corresponding  nurob^ 
sought  1 -I-  X : then  by  the  nature  of  logarithms  and 


fiuxiOBS,  K = 


1 4-x^ 


or  d xc  =3  i.  Now  assume  a 
5 C 2 
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tuirt  for  th€  vulue  of  the  unknown  quantity  and  sub- 
fltitute  it  and  its  fluxion  instead  of  g and  x ia  the  last 
aquation,  then  determine  the  assumed  coefficients,  by 
Comparing  or  equating  the  like  terms  of  the  equation. 
Thus, 

auume  x = n bz*  ct*  -k  dt*  &c, 

then  X ss  ax  ibti  3cz'c  dte ; 

and  X = (c  xx)  =a  * -h  a»%  *+•  bt\  ■+■  cx^x  dec  J 
hence,  comparing  the  like  terms  of  these  two  values  of  ir, 
there  arises  as  1,  d as  c = d as  dec;  which 
values  being  substituted  for  a,  d,  c,  dec,  in  the  assumed 


series  ax  •*•  bx*  -t-  cx^  dtc,  it  gives 

X = f ■+■  .^s*  tto*S 

1 . • 1 . I . I 

x-s  X 

and 


dec ; 


1 }.S.S4  MUJ.4.S 

consequently  the  number  sought  will  be 
1 dec. 

But  the  indeterminate  series  os  4*  6t*  •*-  cz’  dec,  was. 
here  assumed  arbitrarily,  with  regard  to  its  exponents  1, 
2,  3,  &c,  which  will  not  sucect'd  in  all  cases,  because 
some  quantities  require  other  forms  for  the  exponents. 
For  instance,  if  from  a given  arc,  it  were  required  to  find 
the  tangent.  Making  x = the  tangent,  and  z = arc, 
the  radius  being  = 1.  Then,  from  the  nature  of  the 

circle  we  shall  have  - * ^ = x,  or  x = x + x*x.  Now 

if,  to  find  the  value  of  x,  we  suppose  x ^ az  -*■  bt*  cz* 
dec,  and  proceed  as  before,  we  shall  find  all  the  alternate 
coefficients  b,  d, /,  dec,  nr  those  of  the  even  powers  of  z, 
to  be  each  = 0;  and  therefore  the  series  assumed  is  not 
of  a proper  form.  But  making  x =s  at  -t-  dz*  ^ ct’ 
dz’,  dtc,  then  we  find  a = I,  d = f,  c = d = 
dtc,  and  consequently  x s z It’  -+■ 

dtc.  And  other  quantities  require  other  forms  of  senes. 

Now  to  find  a proper  indeterminate  series  in  all  cases, 
tentatively,  would  often  be  very  laborious,  and  even  im> 
practicable.  Mathematicians  have  ihereforo  cmlcavoured 
to  find  out  a general  rule  for  this  purpose  ; though  till 
lately  the  method  has  been  but  imperlectly  understood 
and  delivered.  Most  authors  indtHHl  have  explained  the 
manner  of  finding  (he  cucfilcients  a,  d,  c,  d,  of  the 

indeterminate  scries  ax"  bx^  cx"  ^ ' fire, 

which  is  easy  enough ; bur  the  values  of  n and  r,  in  which 
the  chief  difficulty  lies,  bavg  been  assigned  by  many  in  a 
manner  as  if  they  were  self-evident,  or  at  least  discover- 
able by  an  easy  trial  or  two,  as  in  the  last  example. 

As  to  the  number  n,  Newton  him^df  has  shown  the 
method  of  determining  it,  by  his  rule  for  finding  the  first 
term  of  a converging  scries,  by  the  application  of  his  pa- 
rallelogrumand  ruler.  For  the  particulars  of  this  method, 
see  the  authors  above  cited  ; see  also  Pakallp.looram. 

Taylor,  in  his  Mrihodus  Incremenkorum,  investigates 
the  number  r;  but  Stirling  observes  that  his  rule  somc- 
lime*  fails.  J-ineie  Tert.  Onlin.  Newton,  pa.  28.  Mr. 
Stirling  gives  a correction  of  Taylor's  rule,  but  says  he 
cannot  affirm  it  to  be  universal,  having  only  found  it  by 
chance.  And  again, 

Gravesande  observes,  that  though  he  thinks  Stirling's 
role  never  leads  into  an  error,  yet  that  it  is  not  perfect. 
See  Gravesande,  Dc  Delermin.  Form.  Scriei  Infinit. 
printed  at  the  end  of  his  Matheseos  Universalis  Klemcnla, 
'■TTiis  learned  professor  has  endeavoured  to  rectify  the  rule. 
But  Cramer  has  shown  that  it  is  still  defective  in  several 
respects ; and  he  himself,  to  avoid  the  inconveniences  to 
which  the  meibods  of  former  authors  arc  subject,  h^s  had 


recourse  to  the  first  principles  of  the  method  of  infinite 
series,  and  has  entered  into  a more  exact  and  instructive- 
detail  of  the  whole  method,  than  is  to  be  met  with  else- 
where; for  which  reason,  and  many  Others,  his  tn'atise 
deserves  to  be  particularly  recommended  to  bt*ginnei«. 
bee  also  my  Tracts,  v.  3,  p.  369,  for  an  easy  method  of 
determining  the  exponents  in  the  assumed  indeterminate 
serit's. 

But  it  is  to  be  observed,  that  in  determining  the  value 
of  a quantity  by  a converging  series,  it  is  nut  always  ne- 
cessary to  have  n‘Cours4'  to  an  imlcterroinate  series : for  it 
is  often  belter  to  find  it  by  division,  or  by  extraction  of 
roots.  See  Newton’s  Meih.of  Flux,  and  Inf.  Series,  above 
cited.  Thus,  if  it  were  required  to  find  the  arc  of  a circle 
from  its  tangent  being  given,  that  is,  to  find  the  value  of 

X in  the  given  fluxional  equation^  ic  = by  an  in- 

finite series:  dividing  i-  by  1 xx,  the  quotient  will  be 
the  series  x — xV  x*x  — x*x  fire  s x ; and  taking  the 
fluents  of  the  terms,  there  results  t sz  x \x^  ^ — 

.fx  &c,  which  is  the  series  often  used  for  the  quadra- 
ture of  the  circle.  If  x = I,  or  the  tangent  of  46%  then 
will  z 1 — 4 ’4*  I — 4-  length  of  an  arc  of 

46%  or  4 of  the  circumference,  to  the  radius  I,  or  4 of 
the  circumference  to  the  diameter  1.  Consequently,  if  I 
be  the  diameter,  then  1 4 4 — 4 be  the  area 

of  the  circle,  because  4 of  the  circumference  multiplied 
by  the  diameter,  gives  the  area  of  the  circle.  This  series 
was  first  given  by  Leibnitz  and  James  Gregor)'. 

See  the  form  of  the  series  for  the  binomial  theorem, 
determined,  both  as  to  the  coefficients  and  exponents,  in 
my  Tracts,  vol,  I,  pa.  228. 

Harmonicai  Series,  the  reciprocal  of  arithmeticals. 
See  Haemuxical. 

Ifyperbotic  Sebies,  is  used  for  a series  whose  sum  de- 
pends on  the  quadrature  of  the  hyperbola.  Such  is  the 
series  y 4 4 •+■  4 ^0.  Oemoivre's  Misccl.  Analyt. 

pa.  11 1. 

Inlfrpotation  qf  Sehies,  the  inserting  of  some  (arms 
between  others,  &c.  Sec  Interpolation. 

Interzctndent  Series.  Sec  Iktrrscendent. 

Mixt  Series,  one  whose  sum  depends  partly  on  the 
quadrature  of  the  circle,  and  partly  on  that  of  the  hyper- 
bola. Demoivre,  Mi»cel.  Analyt.  pa.  111. 

Hecurrtnz  Series,  is  used  fur  u series  which  is  so  con- 
stituted, that  having  taken  at  pleasure  any  number  of  its 
terms,  each  following  term  shall  be  related  to  the  same 
number  of  preceding  terms  by  some  constant  law  of  nda- 
tion.  Thus,  in  the  following  series, 

abed  € / 

I 4-  2x  -h  3x*  lOr*  4-  34x*  97x’  ^c, 

in  which  the  terms  being  respectively  represented  by  the 
Ictten  0,  b,  c,  &c,  set  over  them,  we  shall  have 
d s Sex  — 26x*  6ox^, 

e = 3dr  — 2cx*  -e  5tx’, 

/ = 3ex  - 2dx*  ^ 5cx’, 

&c,  &c, 

where  it  is  evident  that  the  law  of  relation  between  d and  e, 
is  the  same  as  between  t and/,  each  being  formed  in  the 
same  manner  from  ihc  three  terms  which  precede  U in  the 
scries. 

The  quantities  3r  — 2x*  Sx’,  taken  togclhir  and 
connected  by  their  proper  signs,  form  what  Dcmolvrc 
calls  the  index,  or  the  scale  of  rcLstion;  iiiougb  sometinu's 
the  bare  coefficients  3 — 2 -h  5 arc  called  the  scale  u( 
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relation.  And  tbe  »cale  of  relation  subtracted  from  unity, 
is  called  the  Hi^orential  scale.  On  the  subject  of  Recur* 
rittg  Series,  sec  Demoivre’s  Misccl.  Anal)t.  pa.  ^7  and 
72,  and  his  UiK'trino  of  Chanct^,  3d  i'diL  pa.  220;  aUo 
Elder’s  Analys  Intinil.  tom.  I,  pu  173. 

Having  givvn  a recurring  scries,  with  its  scale  of  rela- 
tion, tbe  sum  of  the  whole  infinite  series  will  also  bo 
given.  For  instance,  suppose  a series  a bx  cx*  -f 
dx^  3cc,  where  the  relation  between  the  coefficient  of  any 
term  and  tbe  coefficients  of  any  two  preceding  terms  may 
be  expressed  by/— ^ ; that  is,  e =/d  — gc,  and  d =/c 
— ^3,  &c;  then  will  the  sum  of  the  series,  iodnitely  con- 
tinued, be 


Thus,  for  example,  assume  2 and  5 for  tbe  coefficients 
of  the  first  two  terms  of  a recurring  series;  ahd  suppose 
/and  ^ to  be  respectively  2 and  1;  then  the  recurring 
series  will  be 

2 -t-  5x  8x*  llx^  Ux*  -4.  17x’  kc, 
and  its  sum  = ^ ■ **  = »■-  For  the  proof  of 

which  divide  2 -4*  x by  (1  — x)*,  and  there  arises  the  said 
series  2 ^ 5x  •«'  8x^  llx’  6tc.  And  similar  rules  might 
be  derived  fur  more  complex  cases.  * 

Demuivre’s  general  rule  is  this:  1.  Take  as.  many 

terras  of  the  series  as  there  are  parts  in  the  scale  of  rela- 
tion. 2.  Subtract  the  scale  of  relation  from  unity,  and  the 
remainder  is  the  differential  scale.  3.  Multiply  tbe  terms 
taken  in  the  series  by  tbe  differential  scale,  beginning  at 
unity,  and  so  preceding  orderly,  remembering  to  leave 
out  what  would  naturally  be  extended  beyond  the  last  of 
the  terms  taken.  Then  will  tbe  product  be  the  numerator, 
and  the  differential  scale  will  be  the  denominator  of  the 


fraction  expressing  the  sum  required. 

But  it  must  here  be  observed,  that  when  the  sum  of  a 
recurring  scries  exiendt'il  to  infinity,  is  found  by  Ue- 
raoivn*’s  rule,  itougiit  to  ^supposed  thaiahc  series  con- 
verges indefinitely,  that  i*,  that  the  terms  may  become 
less  than  any  assigned  quantity.  For  if  the  series  diverge, 
that  is,  if  Its  terms  continually  increase,  the  rule  due's  not 
give  the  true  sum.  For  the  sum  in  such  case  it  infinite, 
nr  gf(‘ater  than  any  given  quantity,  whereas  (he  sum  e.\- 
hibik'd  by  the  rule,  will  often  be  finite.  1'he  rule  there- 
fore 111  t)ii^  case  only  g<vi.>s  a fraction  expressing  the  radix 
of  the  series,  by  the  expansion  of  which  the  scries  is  pro- 
duced. Thus: — - by  cxp.insion  becomes  the  recur- 

(I  - x/ 

ring  scries  I 2x  3x*  &c,  whuse  scale  of  relation  is 
2—1,  and  its  sum  by  tbe  rule  will  be 


- _ 1 -e  ix  ~ sx  1 

i — /r  + grx  I — ax  XX  (I  — x/’ 


fhe  quantity 


from  which  (he  series  arose.  But  this  qimmity  can- 
not in  all  rases  be  deemed  equal  to  the  infinite  series 


I -e  2x  -e  3x*  K^cc  : for  stop  where  you  will,  there  will 


always  want  a supplement  to  make  the  product  of  the 
quotient  by  the  divisor  equal  to  the  dividend.  Indeed 
when  tbe  series  converges  infinitely,  the  supplement,  dimi- 
nishing continually,  bi^omes  less  than  any  assignable 
quantity,  or  equal  to  nothing  ; but  in  a diverging  scTies, 
this  supplement  becomes  infinitely  great,  and  (he  senes 
deviates  indefinitely  from  the  truth.  See  Colson’s  C«»m- 
incnt  on  Newton's  Method  of  Fluxions  and  Infinite  S>ries, 


pa.  132;  Stirling’s  Method.  Differ,  pa.  36;  Bernoulli  de 
Serieb.  Infin.  pa-  249;  Cramer’s  Analyse  dcs  Lignes 
Courlcs,  pa.  174. 


A recurriog  scries  being  given, -the  sum  of  any  finite  • 
nuiiibcT  of  the  terms  of  that  series  may  be  found.  J’his  is 
prob.  3,  pa.73,  Demotvre's  Miscel.  Analyl.  and  prob.  3, 
pa.  223  < f of  bis  Doctrine  of  Chances,  'rite  solution  is 
effectixl,  by  taking  the  difiertuicc  between  the  sums  of  |wo 
infinite  series,  differing  by  the  terms  answering  to  the  given 
number ; vis,  troiii  the  sum  of  the  whole  infinite  series, 
commencing  from  (he  beginning,  subtract  the  sum  of 
another  infinite  number  of  terms  of  the  same  series,  com- 
mencing after  so  many  nf  the  first  terms  whose  sum  is  re- 
quired ; and  the  difference  will  evidently  be  tbe  sum  of 
that  number  of  terms  of  tbe  series.  For  example,  to  find 
the  sum  of  n terms  of  the  infinite  geometrical  series 
a ox  -4-  ax*  -4-  ax^  &c.  Here  are  two  infinite  scries ; 
the  one  beginning  with  a,  and  the  other  with  ax%  which 
is  the  next  term  after  the  first  n terms  of  the  origioal  scrit-s. 

By  the  rule,  the  sum  of  the  first  infinite  progression  will  be 

^ and  tbe  sura  of  the  second  ; the  difference  of 
which  which  is  therefore  the  sura  of  the  first 

n terms  of  the  series.  This  quantity 
a — «•  . , or"  — a , . , , 

^ equal  to-^-~—,  which  last  expression,  putting 

«"  * ' = /,  will  be  equivalent  to  this,  — — , which  is 

the  common  rule  for  finding  the  sum  of  any  geometric 
progression,  having  given  the  first  term  a,  the  last  term 
and  tbe  ratio  x.  !!3ce  Miscel.  Analyt.  pa.  167,  168. 

In  a recurring  scries,  any  term  may  be  obtained  whose 
place  is  assigned.  For  after  having  taken  so  many  terms 
of  the  series  as  there  an*  terms  in  the  scale  of  relation,  the 
series  may  be  protracted  till  it  reach  the  place  assigned.. 

But  when  that  place  is  very  distant  from  the  beginning  of  ' 
the  Serb'S,  the  continuing  the  terms  is  very  Taboriuus;  and 
therefore  other  methods  have  been  contrived.  Sec  Miscel. 
Analyt.  pa.  33,  and  Doctrine  of  Cbanci  s,  pa.  224. 

'niese  questions  have  birn  n*%olved  in  many  cases,  be- 
sides those  of  recurring  st'ries.  But  as  (here  is  no  univer- 
sal meritod  fur  the  quadrature  of  curves,  neither  is  there 
one  for  the  summation  of  series;  inured  there  is  a great 
analogy  between  these  things,  and  similar  dilTiCultiesurisC 
in  both.  See  the  authors  above  cited. 

I'he  investigation  of  Daniel  Bernoulli’s  method  fuc  find- 
ing (he  roots  of  algebraic  equations,  w hich  is  insr'rted  in 
the  Petersburg  Acts,  tom.  3,  pa.  92,  depends  on  the  doc- 
trine of  recurring  series.  Sec  Euler’s  Analysis  Infinitorum, 
tom.  1,  pa.  276.  , 

/fercTs/oa  oFSerlea.  See  Rr.vr.nsiON  qf  Series. 

Su'timnbte  Skmrs,  is  one  whose  sum  can  be  accurately 
found.  Such  is  the  series  i -v-  { -v-  Y 3cc,  the  sum  of 
which  is  said  to  be  unity,  or  to  speak  more  accurately, 
the  limit  of  its  sum  is  unity  or  1. 

An  indefinite  nunilicr  of  suramable  infinite  series  may 
be  asirigned  : such  are,  /or  instance,  nil  infinite  recurring 
converging  series,  and  many  others,  for  which,  consult 
Dcraoivrp,  Bernoulli,  Stirling,  Euler,  and  Maclaurin; 
viz,  Miscel.  Analyt.  pa.  1 10;  De  Serieh.  Infinit.  pu>»im  ;. 
Method.  Different,  pa.  34;  Acta  Petrup.  passim ; Fluxions, 
an.  350. 

The  obtaining  the  sums  of  infinite  series's  of  fractions 
has  bt'cn  one  of  (he  principal  objecU  of  the  modern  me- 
thod of  computatiou;  and  these  sums  may  often  be  found, 
and  sometimes  not.  Thus  tKc  sums  of.the  two  following 
series  of  geometrical  progressionals  are  easily  found  to  b« 
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, I ami  vix, 

and  f = |-+'ir-^Tr‘*"A 

But  (bu  »urui  of  fractions  that  occur  m the  solution  of 
problems,  can  seldom  br  reduced  to  geometric  progtes- 
»ioR» ; nor  can  any  general  rule,  in  casts  bo  mtimivly 
sarious,  be  givriu  I'he  art  here,  as  m most  other  cases, 
is  only  to  be  acquired  by  examples,  uiul  by  a careful  ob- 
servation of  the  arts  used  by  great  authors  in  the  investi- 
galiuD  ot'  such  Si'iii's  of  fractions  as  they  have  conshiiTcd. 
And  (he  general  methods  of  inlinitc  scrivsi  which  have 
been  cariied  so  far  by  Perooavrr,  Stirling,  Euler,  &c, 
are  often  found  necessary  to  determine  the  sum  of 
a very  simple  series  of  fracUuns.  See  the  quotatioos 
above. 

The  sum  of  a series  of  fractions,  though  decreasing  con- 
tinually, is  not  always  finite.  This  is  the  case  of  the  series 
&c,  whkh  is  the  harmonic  series, 
consisting  of  the  reciprocals  of  arithmeticals,  the  sum  of 
which  exceeds  any  given  number  whatever;  and  this  is 
shown  from  the  analogy  between  this  progression  and  the 
space  comprehended  by  the  common  hyperbola  and  its 
asymptote  ; though  the  same  may  be  shown  also  from  the 
nature  of  progressions.  Sec  James  Bernoulli,  dc  Seriebus 
Infill.  But,  what  is  curious,  the  sum  of  the  squares  of 
its  terms  is  finite  ; for  if  the  same  terms  of  the  hunnonic 
series,  t t i be  squared,  forming  the  aeries 
4-  -e  ^ -f-  g Ate,  iking  the  rrciprocaU  of  the  squares  of 
the  natural  serit's  of  numbers ; the  sum  nf  this  si  riis  of 
fractions  will  not  only  be  limiU'd,  but  it  is  remarkable 
that  (his  sum  will  be  pn'cisely  equal  to  the  6th  part  of  the ' 
number  which  cxprei.he*  the  ratio  of  the  square  of  the  cir- 
cumference of  a circle  to  the  square  of  its  diameter.  That 
ia,  if  c denote  3‘141.5£)  &c,  tho  ratio  of  the  circumicrcnce 
to  the  diameter,  then  i»  i = T i i ■*"  t?  tV 
Acc.  Tbts  projKTty  was  fust  discovered  by  John  IVrnoulli ; 
and  his  investigation  may  be  9(*en  in  the  Acta  iVimp.  vol.7. 
And  Maclaurin  bas  since  ub»eived,  that  this  may  easily 
be  deduced  from  bis  Fluxions,  art.  822.  Philos.  Trans, 
numb.  469. 

It  would  require  o whole  voUimotn  rnomeratc  the  va- 
rious kinds  of  H*ncs  of  fractions  w Inch  may  or  may  not  be* 
summed.  Sometimes  the  sum  cannot  be  asvignrd,  cither 
because  it  is  infinite,  as  in  the  harmonic  iwrips  | 4 

4 7 A(C,  or,  though  its  sum  be  finite  (as  in  the  «>erU'S 

4 -t-  4 9 ^c),  yet  its  sum  cannot  be  assigned  in  finite 

terms,  or  by  the  quadrature  of  the  circle  or  hyperbola, 
which  was  the  case  of  this  series  before  Euler's  discovery  ; 
but  yet  the  sunT  of  any  given  number  of  the  term^  uf 
series  may  be  expeditiously  found,  and  the  whole  sitm  may 
be  assigned  by  approxiinHiion,  independent  of  the  circle. 
Set  Stirling's  Method.  I>ifferen!.  and  Dc  Moivre's  Miscil, 
Annlyt.  Also  the  works  of  John  Bernoulli,  wbo  fir»t 
summed  this  series. 

Besides  the  scries  of  fractions,  dho  sums  of  which  con- 
verge to  a certain  c|uantity,  there  sometimes  occur  others, 
which  converge  by  a continikd  muliiplicaiion.  Of  this 
kind  is  the  series  found  by  >Vallis,  for  the  quadrature  of 
the  circle,  which  he  expresses  thus, 

.s  **3  K 5 » Sv?it7i»qK<|itaLC 
^ ^ X 4 X CxOxhxaxlUx  1^’ 

where  the  character  □ denotes  the  ratio  of  the  square  of 
the  diameter  to  the  area  of  the  circle.  IKncc  the  deno- 
minator of  this  fraction,  is  to  its  numerator,  both  ntfinitt  ly 
continued,  as  the  circle  is  to  the  square  of  the  diaroeter. 
It  may  further  be  observed  that  this  series  is  equivalent  to 


a *4  4B  * a*  — I — i.  7'  — i 
Arc,  that  is,  the  product  of  (he  squares  of  all  the  odd 
numbers  3,  5,  7*  9«  Aic,  is  to  tlie  produce  of  the  same 
squares  severally  diminished  by  unity,  us  tlie  square  .ol 
the  diameter  is  to  the  area  of  the  circle,  Si^e  Aiiihinet. 


Infinil.  prop.  191.  Oper.  vol.  1,  pa.469-  Id.  Oper.  vui.  2, 
po.Hl9.  And  these  products  uf  tractions,  and  the  like 
quantities  arising  from  the  continued  muliiplicaiion  uf  cer- 
tain factors,  have  been  particularly  cumiidorcd  by  Euler, 
in  his  Analysis  Infiuit.  vol.  1,  chap.  15,  pa.  221. 

For  an  easy  and  general  method  of  summing  all  alter- 
nate scries,  such  asa  — 5*4'C  — d Aec,  see  my  Tracis, 
vol.  1,  pa.  176;  and  in  the  same  vol.  may  bo  seen  many 
other  curious  tracts  on  infinite  scries. 


iSsunpnaridN  qf  Injmiu  Series,  is  the  finding  the  value  of 
them,  or  the  radix  from  which  they  may  be  raised.  For 
wiiich  consult  the  authors  upon  this  science,  particularly 
Stirling,  tud  Clark's  translatioti  of  Lorgna. 

To  find  an  infinite  series  by  extracting  of  roots  ; and  to 
find  an  infinite  series  by  a presuppoMd  scries  ; see  Qua- 
DEATuaL  lJu  Circle. 

To  extract  the  roots  of  an  infinite  series,  see  Exteac- 

TIOX  qf  Rooit, 

To  raise  an  infinite  series  to  any  power,  see  Ixvolu- 
Tiox,  and  Puwre, 

Trajuceadea/a/ Series.  See  Tea mscen dental. 


There  arc  many  other  important  writings  on  the  subject 
of  Infinite  scries,  besides  those  above  quoted.  A very  good 
elementary  tmet  on  this  science  is  that  of  James  Bernoulli, 
iniiUiU'd,  Tractatus  de  Senebus  Infinitb,  and  annexed  to 


his  Ars  Conjoctandi,  published  in  4.lu,  1713. 

SEKPF.NS,  in  Astronomy,  a constellation  in  the 
northern  hemisphere,  b4'iiig  one  of  the  48  old  constella- 
tions mentioned  by  all  the  ancients,  and  is  called  more 
particuluriy  S4TpeiuOphiucbi,  being  grasped  in  the  hands 
uf  the  Constellation  Ophiuchus.  ‘I'hc  Greeks,  in  tbeir 
fables,  hnvo  ascribed  it  sometimes  to  one  of 'i  ripioleraus's 
dragons,  killed  by  Carnabus  ; and  sometimes  to  the  ser- 
pent of  the  river  Segaris,  destroyed  by  Hercules.  Thi«-  is 
by  some  supposed  to  be  the  same  as  the  author  of  the 
book  of  Job  calls  ibe  Crooked  brrpcnt ; but  this  expres- 
sion mure  probably  meant  the  consletUiiion  Draco,  near 
the  north  pole. — ^Thc  stars  in  (he  constellation  terpens, 
in  Ptolemy's  catalogue  are  18,  in  'Fyehos  13,  in  licve- 
iius's  22,  and  in  the  Britannic  catalogue  64. 

SEKPEN  FAIUUS,  a constellaiiun  of  the  northern  he- 
misphere, being  one  of  the  48  old  cimsteilatioiu  mention- 
ed by  all  the  aitctents.  It  is  called  also  Ophiuchus,  and 
anciently  /Esculapius.  It  is  in  the  figure  of  a man  gruv{>- 
ing  the  serpent.  The  Greeks  had  ditferent  fables  about 
this,  and  oilier  consiellaiions,  brcausc  they  were  ignorant 
of  the  (rue  meaning  of  them.  Some  of  them  say,  it  re- 
presents C'artnilKis,  who  killnl  one  of  the  dragons  of  Trip- 
tolemus.  Others  say,  it  w:is  Hercules,  killing  the  ser- 
pent at  the  nver  S»garis.  And  others  again  say,  it  rtprr- 
scnis  the  celi'hraied  physician  .'Flscuiapius,  to  denote  his 
skill  In  medicine  in  cumig  the  bite  of  the. serpent. 

'I'he  stars  in  the  constellation  Serpentarios,  in  Ptole- 
my's catalngui- arc  29.  in  Tycho's  15,  in  Hevelius's  40, 
and  in  the  Britannic  catalogue  they  arc  74. 

hKllPEN  FINE  Erne,  the  same  with  spiral. 

SESQIT,  an  cxprfs-.jot|- of  a certain  ratio,  vii,  the  se- 
cond ratio  of  inequality,  called  also  supcrparticular  ra- 
tio; being  that  in  which  the  greater  term  contains  the 
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Ie»t  OQce»  Aiul  ftocne  certAxo  part  over;  fti  3 to  2,  where 
the  hrvt  term  conlmius  llie  second  oner,  and  unity  over, 
whtch  is  a quuU  part  of  2.  Now  if  tlii«  part  remaining 
be  ju»t  half  the  U*«s  term,  the  ratio  is  culii  U sesquialtern  ; 
if  the  remaining  part  be  a Jd  part  of  the  ]cas  ictiii»  as  4 to 
3«  (be -ratio  is  called  sesquiiertia,  or  st'squiterea  ; if  a 
4th  part,  as  5 the  ratio  i«  called  sesquiquarta ; and 
so  on  c«mtinually,  still  adding  to  sesqui  the  ordinal  nuro> 
ber  of  tbc  smaller  term.  In  English  we  sometimes  fay, 
sesquialteral,  or  sesquialtcrate,  ses4(uitbird,  stsquifouxtb, 
dec.  As  to  the  kinds  of  triples  expressed  by  tb«  particle 
seiqui,  they  are  tlK‘se:  .r 

SESQUILM  EUA  I'E,  tbc  grr'atcr  perfect,  which  is 
a triple,  where  the  bnrvc  is  three  measures,  or  . semi* 
breves. 

SaaQUiaLTCRATE,  greater  imperfect,  which  ir  where 
the  breve,  wbin  pointed,  contains  three  measures,  and 
without  any  point,  two. 

Sexquia LTBRATC.  less  imperfect,  a triple,  where  the 
semibreve  with  a point  contains  three  measures,  and  two 
without. 

Sesquia  LTEBATE,  in  Arithmetic  and  Geometry,  is  a 
ratio  bctwi*en  two  numbers,  or  lines, dec,  where  the  greater 
is  equal  to  once  and  a half  of  the  less.  Thus  6 and  9 >sre 
in  a sesquialterate  ratio,  as  also  20  and  SO. 

SKNQUIUITONE,  in  Music,  a concord  resulting  from 
the  sounds  of  two  strings  whose  vibrations,  in  equal  limes, 
are  to  each  otbvr  in  the  ratio  of  5 to 

SESQUtUUPLlCATE  Ratio,  is  that  in  which  the 
greater  term  contains  the  less,  twice  and  a half;  as  the 
ratio  of  15  to  6,  or  50  to  20. 

SESQUIQUADRATE,  an  aspect  or  position  of  the 
placets,  when  they  are  distant  by  4 signs  and  a half,  or 
J35  degrees. 

SESQUtQUINTlLE,  is  an  aspect  of  the  planets  when 
they  are  distant  f of  the  circle  and  a half,  or  108  dc* 
grees. 

SESQUrtERTIONAL  Proportion,  is  that  in  which 
greater  term  contains  the  less  once  and  one  third  ; as 
4 to  3,  or  12  to  9- 

SETTING,  in  Astronomy,  the  sinking  of  a star  or 
planet  below  the  horison.  Astronomers  and  poeU  count 
three  dillercnt  kinds  of  setting  of  the  stars,  vix,  AciiBO* 
KiCAL,  CosMiCAL,  and  Heliacai..  See  these  terms 
respectively. 

Setting,  in  Navigation,  Surveying,  dec,  denotes  the 
observing  the  bearing  or  situation  of  any  distant  object  by 
the  compass,  &c,  to  discover  the  angle  it  makes  with  the 
nearest  meridian,  or  with  some  other  line.  See  Bear* 
IKO.  *fhus,  loser  the  land,  or  the  tan,  by  tbc  compass, 
is  to  observe  how  the  land  bears  on  any  point  of  ibe  com- 
pass, or  on  what  point  of  the  compass  the  sun  is.  Also, 
when  two  ships  come  in  sight  of  each  other,  to  mark  on 
what  point  the  chace  bears,  is  termed  Setting  the  chace 
by  the  compass. 

Setting  alto  denotes  the  direction  of  the  wind,  cur- 
rent, or  sea,  particularly  of  the  two  latter. 

SEVEN  Stare,  a common  denomination  gjven  to  the 
duster  of  stars  in  tbc  neck  of  the  sign  Taurus,  (he  bull, 
propt  rly  called  the  piciades.  Th^y  are  »o  called  from 
(heir  numbec  seven  which  appear  to  the  naked  eye,  though 
some  persons  can  discover  only  6 of  them  ; but  by  the 
help  uf  telescopes  there  appears  to  be  a great  multitude 
of  them. 


SEVENTH,  Septima,  an  interval  m Music,  called  by 
the  Greeks  heptachordon» 

SEXAGENARY,  something  rrlatiag  to  the  number, 60. 

Sexagenary  Arithmetic.  See  Sexagesimal. 

Sexagenary  '/«4.W,are  labicsof  proporlutiiRl  parts, 
showing  the  product  uf  two  sexagrnaries  that  are  to  be 
multiplied,  or  (be  quotient  of  two  (hat  are  to  be  divided. 

SEXAGESIMA,  (he  eighth  Sunday  before  £as)cT;  be- 
ing so  called  because  near  60  Jays  before  it. 

sexagesimal  or  Sex A6ENARY  ifritAwenic,  a me- 
thod of  coinputafion  proceeding  by  6oths.  Such  is  (bat 
used  in  the  division  of  a degree  into  tio  minutes,  of  the 
minute  into  6o  seconds,  of  (hv  second  into  60  thirds,  he. 

The  Greeks  prriormed  many  of  their  calculations  by 
means  of  the  sexagesimal  division  of  quantities,  particu- 
larly tlieir  divisions  and  extraction  of  roots.  This  me- 
thod, though  very  laborinut,  was  certainly  preferable  to 
what  these  rules. would  have  been  in  their  common  nota- 
tion, as  they  appear  to  have  had  no  idea,  nor  indeed  did  ^ 
their  notation  admit,  of  dndmg  one  figure  at  a time  in 
Uie  quotient  as  we  do.  The  Greeks  tbercrore  were  under 
ibe  necessity  of  finding  either  by  trials,  or  otherwise,  the 
whole  quotioiit  for  (he  first  {leriod,  lh<*n  the  whole  quo- 
tient again  for  (he  second  period,  and  so  on.  See  No- 
tation. 

sexagesimals,  or  Si'-xagesimal  t'ractvm»»  are 
fractions  whose  denominators  proceed  in  a sexagecupbs 
ratio ; that  is,  a prime,  or  the  first  mmute  a se- 
cond = third  = Anciently  there 

were  no  other  than  sexagesimals  in  astrouoniicHl  op^ 
rations,  forwhich  reason  they  are  sometimes  culled  astrono- 
mical fractions,  and  (hey  are  still  retained  in  many  cases, 
as  in  the  divisions  of  time  and  of  a circle;  but  ^cimal 
arithmetic  is  now  much  used  in  the  calculations,  and  the 
French  have  entirely  discarded  the  sexagesimal  division^ 
and  employed  only  the  decimal,  an  improvement  in  astro- 
nomy which  may  in  time  be  adopted  by  other  nations. 

See  DEOREE.-^Sexagesiaials  were  probably  first  used  for 
the  divisium  of  a circle,  360,  or  6 times  60  making  up 
the  whole  circumference,  on  account  that  360  ways  made 
up  the  year  of  the  anoeots,  in  which  time  the  sun  waa 
supposed  to  complete  his  course  in  the  circle  of  the 
ecliptic. — In  these  fractiona,  the  denominator  being  al- 
ways 6o,  or  a multiple  of  it,  it  is  usually  omitted,  and 
tbc  numerator  only  wt  down  : thus,  45^  24"  40'"  dec, 

IS  to  be  rcad^  3 de^grees,  45  minutes,  24  seconds,  40 
thirds,  dec. 

SEXANGLE,  in  Geometry,  a figure  having  6 angles, 
and  consequently  6 sides  hIso. 

SEXENARi  or  Sbxtvtle  Setde  of  Noialiou,  is  (hat 
in  which  the  local  value  of  the  digits  increase  in  a sixfold 
proportion.  See  Scale,  and  Notatioit. 

SEXTANS,  a sixth  pail  of  certain  things.  The  Ro- 
mans divided  iheir  or,  which  was  a (Ktund  ^ brass,  into  • 

12  ounces,  called  nncia,  from  unum ; and  the  quantity 
of  2 ounces  was  called  sextans,  as  being  the  6lb  part  of 
the  pound. 

Sextans  was  alio  a measure,  which  contained  2 
ounces  of  liquor,  or  2 cyalhi. 

Sextans,  the  Sextant,  in  Astronomy,  a new  constel- 
lation, placed  across  the  equaior,  but  on  the  south  side 
of  the  ecliptic,  and  by  Hcvelius  made  up  of  some  un- 
formed stars,  or  such  as  were  not  included  in  any  of  the 
48  old  constellations.  In  Hevelius's  catalogue  it  contains 
11  stars,  but  in  the  Briuonic  catalogue  41. 
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’SFXTANT,\lenolcs  ibc6th  part  of  a circle,  or  an  arch  the  two  spheres,  ca  ibe  scmiciiameter  of  the  larger,  ami 
ronia*inin«  <k)  decrees.  . i»a  that  of  the  smaller,  both  porpaiidicular  to  the  tide 

SjkxtaKT  is  more  particularly  u»c<l  for  an  asiroiioralca! 
instnnncnl.  it  is  made  like  a quadrant,  excepting  that 
its  liii>b  only  contains  (k)  degrees.  Its  use  and  applica- 
tion are  the  same  with  those  of  the  Quadrant;  which 
see. 

SEXTARIUS,  an  ancienl  Roman  measure,  coiiUinmg 
2 cols  Ire,  or  2 beminx. 

:$EiXTILK.,  the  aspt'Ct  or  portion  of  two  planets,  when  of  the  conical  shadow  bcf,  whose  axis  is  de,  continued 
they  are  distant  the  6th  part  of  the  circle,  viz,  2 signs  or  lo  c ; and  draw  bc  parallel  to  the  same  axis.  Then, 
GOdepret's;  and  it  is  marked  thus  ♦ . the  two  triangles  aob  and  bdb  being  similar,  it  will  be 

.SEXTUPLE,  dt'OOtcB  6 fold  in  general.  But  in  music  ao  : oa  or  CD  : : bd  : de,  that  is,  as  the  difference  of 

it  denotes  a mixed  sort  of  triple  lime,  which  is  be.^un  in  the  semidiameters  is  to  the  distance  of  the  centres,  so  is 

double  time.  the  semidiameter  of  the  opaque  sphere  to  the  axis  of  the 

SHADOW,  Skadcj  in  Optics,  a certain  space  deprived  ^hadow^  or  the  distance  of  its  vertex  from  the  said  opaque 
of  light,  or  where  the  light  is  weakened  by  the  inicrpwi-  sphere, 

lion  of  some  opaque  bf>dy  before  the  luminary.  The  j-’x.  gr.  If  bd  = 1 be  the  semidiamelcr  of  the  earth, 
doctrine  of  shadows  makes  a considerable  arlide  in  op-  a,„j  =:  lOI  the  mean  scinidiametcr  of  tbe  sun,  also’ 
lies,  astronomy,  and  geography  ; and  is  the  general  foun-  tj,eir  distance  CD  or  gb  = 24000 ; then  as  100  : 24000 
dation  of  dialling.  Ai  nothing  is  seen  but  by  light,  a : ; | • 240=  PE,  which  is  the  mean  height  uf  the  earth's 
men;  shadow  is  invisible;  and  therefore  when  we  say  we  shadow,  in  semidiamelcrs  of  the  base, 

sec  a shadow,  wc  mean,  partly  that  we  see  bodies  placed  To  find  the  length  of  the  shadow  ac  projected  by 

in  the  shadow,  and  illuminated  by  light  reflected  from  gn  opaque  body  ab;  having  given  tbe  altitude  of  the 
collateral  bodies  aud  partly  that  we  see  the  confines  of  luminary,  for  ex.  of  the  sun,  above  the  Jiorison,  via,  the 
the  light.  angle  c,  and  the  height  of  the  object  ab.  Hero  the  pro- 

When  the  opaque  body,  that  projects  the  shadow,  is  portion  is,  as  tang.  Z.C  : radius  : : ab  : ac. 

perpendicular  to  lb©  horison,  and  the  plane  it  is  projected  ()r,  if  the  length  of  the  shadow  ac  bc  given,  to  find 

on  is  boriaontal,  the  shadow  is  called  a right  one  : such  height  ab,  it  will  bc, 
as  the  shadows  of  men,  trees,  buildings,  mountains,  Ac.  as  radius  : tang,  ^c  : : ac  : ab. 

But  when  the  body  is  placed  parallel  to  the  horison,  it  Or,  if  the 

is  called  a vcrsc-d  shadow ; as  the  arms  <tf  a man  when  length  of  the 

stretched  out,  &c.  shadow  ac, 

Laws  qf  tht  Projection  of  Shadows.  and  of  the  Ob- 

1.  Every  opaque  body  projects  a shadow  in  the  same  ject  ab,  be 

direction  with  the  rays  of  light ; that  is,  to\%ards  the  part  given,  to  find 
opposite  lo  the  light.  Hence,  as  either  the  luminary  or  the  sun’s  alii- 
the  body  changes  place,  the  shadow  likewise  changes  its  tudeabovclhc 
place.  h'>risnn,ortbc 

2.  Every  opaque  body  projects  as  many  shadows  as  angle  ate.  It 

there  are  luminaries  to  cnljghten  it.  will  be, 

3.  As  the  light  of  the  luminary  is  more  inlrnse,  the  as  ac  : ah  : : radius:  tang.  Z.C  sought. 

shadow  is  the  deeper.  Hence,  the  inlcnsily  of  ihe  sba-  7.  To  measure  the  height  of  any  object,  cx.  gr.  a column 

dow  is  measured  by  the  degrees  of  light  that  space  U dc-  a»,  by  means  of  its  sh^ow  projected  on  an  horiaontal 
piivcd  of.  In  reality,  the  shadow  itself  is  not  deeper;  plane. —At  the  c.xtn'mily  of  the  shadow,  alC,  erect  a 
.but  it  appears  so,  because  the  surrounding  bodies  are  stick  or  pole  CD,  and  measure  the  length  of  its  shadow 
more  vividly  illuminated.  CE;  also  measure  the  length  of  the  shadow  ac  of  the 

4.  When  the  luminous  body  and  opaque  one  are  equal,  tower.  Then,  by  similar  triangles,  it  will  bc,  as  EC  : cd 

the  shadow  is  always  of  tbe  same  breadth  with  the  opaque  ; : ca  : ab.  So  if  sc  s 10  feet,  CD  = 6 feet,  and  ca 

body.  But  when  the  luminous  body  is  the  larger,  the  --  <)5  feet;  then  as  10  : 6 : : 9d  : 57  feci  = ab,  the 
»hadow  becomes  always  less  and  lirss,  the  farther  it  is  height  of  the  tower  sought. 

from  the  body.  And  .when  the  luminous  body  is  the  .SiiAnow,inC>eogiiiphy.  The  inhnbiiatus  of  the  earth 
smaller  of  the  two,  tl>e  shadow  increases  always  the  arc  divided,  with  re^pi*ct  to  their  shadows,  into  Amcii, 
wider,  the  farther  from  the  braly.  Hence,  the  shadow  Amphiscii,  Hbteroscii,  and  Periscii.  Sec  these  se- 
of  an  opaque  globe  is,  in  the  first  case  a cylinder,  in  vcral  terms. 

the  second  case  it  is  a cone  verging  to  a point,  and  in  the  Shadow,  in  Perspective,  is  of  great  use  in  this  art.— 
third  case  a truncated  cone  that  enlarg<s  shll  the  more  Having  given  the  appearance  of  an  opaque  body,  and  a 
the  farther  it  is  from  the  body.  Also,  in  all  these  cases,  a luminous  one,  whose  rays  diverge,  av  a candle,  or  lamp, 
Iran? verse  section  of  the  shadow,  by  a plane,  is  a circle,  &c;  lo  finjl  the  exact  appearance  of  the  shadow,  accord- 
respectively,  in  the  three  cases,  equal,  less,  or  gr^^aler  than  ing  to  the  laws  of  perspec  tive.  The  nirthod  is  this:  From 
a great  circle  of  the  globe.  lire  luminous  body,  which  is  here  considen-d  us  a point, 

5.  To  find  the  length  of  the  bliadow,  or  the  axis  of  let  fall  a perpendicular  to  the  |K‘rspv*ctive  plane  or  luble ; 
the  shady  cone,  projected  by  a sphere,  when  it  is  illumi-  and  from  the  several  angles,  or  raired  pi>iiils  of  the  body, 
naU'd  by  a larger  one  ; the  diameters  and  distance  of  the  let  fall  {lerpendiculars  to  the  same  plane;  then  connect 
two  spheres  being  known.  Ldt  c uud  o bc  the  centres  of  the  |>oints  on  which  these  latter  {lerpendiculars  fall,  by 
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fight  liaei,  with  the  point  nn  which  the  first  fallt;  con> 
tinuing  these  lines  beyond  the  side  opposite  to  the  lumi- 
nary, till  they  meet  \vith  asmany  other  lines  drawn  fn>m 
the  centre  ot  (he  luminary  thaough  the  said  angles  or 
raised  points;  so  shall  the  points  of  intersection  of  these 
lines  he  the  eMremrs  or  bounds  of  tho  shadow. 

For  example,  to  project  the  appearance  of  the  shadow 
of  a prio.m  ABCOti',  »te» 
di-liii' alid. 

Here  m is  the  place?  of  the 
prrpr'tidiculurof  the  light 
I.,  and  D,  E,  r those  of 
the  raiM'd  ^>oinU  At  a,  c, 
of  the  prism ; therefore, 
draw  M El! , >1  DO , biCt  and 
LBH,  LAO,  biCt  which  w ill 
give  DEG  11  &c  for  the  ap- 
pearance of  the  shadow. 

As  fur  those  shadows 
that  are  intercepted  by 
other  obp'^cts,  it  may  be  observed,  that  when  the  shadow 
of  a line  falls  upon  any  object,  it  must  necessarily  take 
the  form  of  that  object.  Jf  it  fall  upon  another  plane, 
it  will  he  a right  line  ; if  upon  a globe,  it  will  be  circular; 
and  if  upon  a cylinder  or  cone,  it  will  be  circular,  or  oval, 
Ac.  Jf  the  body  intercepting  it  be*  a plane,  whatever  be 
the  situation  of  it,  the  shadow  falling  upon  it  might  be 
found  by  producing  that  plane  till  it  intercepted  the  per- 
pendicular let  full  upon  it  from  the  lumirious  body ; for 
then  a line  drawn  from  that  point  would  determine  the 
shadow,  just  as  if  no  other  plane  had  been  concerned. 
But  the  appearanct  of  all  these  shadows  may  be  drawn 
with  less  trouble,  by  first  drawing  it  through  these  inter- 
copied  objects,  as  if  they  had  not  been  in  the  way,  and 
then  making  the  shadow  to  ascend  perpendicularly  up 
every  perpendicular  plane,  and  obliquely  on  those  that 
are  situated  obliquely,  in  the  manner  destribed  by  Ur. 
Priestley,  in  his  Penpcciive,  pa.  73  &c. 

Here  we  may  observe  i n general,  that  since  the  shadows 
of  all  objects  which  are  cast  upon  the  ground,  will  vanish 
into  the  horiaontal  line;  so,  for  the  same  reason,  the  va- 
nishing points  of  all  shadows,  which  are  cast  upon  any 
inclined  or  other  plane,  will  be  somewhere  in  the  vanish- 
ing line  of  that  plane. 

When  objects  are  not  supposed  to  be  viewed  by  the 
light  of  the  sup,  or  of  a candle  dec,  but  only  in  the  light 
of  a cloudy  day,  or  in  a room  into  which  the  sun  does  not 
shine,  there  is  no  sensible  shadow  of  the  upper  pan  of  the 
object,  and  the  lower  part  only  makes  the  adjacent  objects, 
or  plane  of  the  ground  or  fiuor  on  wbictvii  stands,  a little 
darker  than  the  rest.  This  imperfect  obscure  kind  of 
shadow  is  easily  made,  being  nothing  more  than  a shade  on 
the  ground,  oppoMte  to  the  side  on  which  the  light  comes ; 
and  it  may  be  continued  to  a greater  or  less  distance,  ac- 
cording to  the  supposed*  brightness  of  the  light  by  which 
it  is  made.  It  is  in  this  manner  (in  order  to  save  trouble, 
and  sometimes  to  prevent  confuuon)  that  the  shadows  in 
most  drawings  are  made.  On  this  subject,  see  Priestley's 
Perspect.^above  quoted ; also  Kirby’s  Penp.  book  2,ch.  4. 

SNA  1‘TqTa  CWiMm,in  Building,  is  the  l^dyof  it ; thus 
called  from  its  straightnesa  : but  by  architects  more  com- 
monly the  Fust. 

Sh  a ft  is  also  used  for  the  spire  of  a church  steeple ; 
and  for  the  shank  or  tunnel  of  a chimney. 

SHARP  (Abrabam),  aa  ingenious  mathcroaticiao, 
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meclianisl,  and  asttonomer,  waadetcended  from  an  an- 
cient family  at  Uttlc-llortun,  near  Bradford,  in  the  \Ve»t 
Riding  of. Vurksbirc,  where  he  wus  boin  about  the  year 
JC51.  At  a pn)per  age  he  was  put  apprentice  to  a mer- 
chant at  Minclii*stcr ; but  his  genius  ltd  him  so  strongly 
to  the  study  of  mathematics,  boih  theoretical  and  practi- 
cal, that  he  soon  bi'came  uneasy  in  that  situation  of  lite. 
By  the  mutual  consent  therefore  of  liis  master  and  him- 
self, though  not  altogether  with  tJiut  of  bis  father,  he 
quilted  tbc  business  ui  a merchant.  On  tbts  he  removed 
to  Liverpool,  where  h«  gave  himself  gp  wholly  to  the 
study  of  mathematics,  astronomy,  4tc;  and  where,  fora 
subsistance,  he  opened  a school,  and  taught  wilting  and 
accounts,  6tc. 

•He  had  not^bren  long  at  Liverpool  when  he  acciden- 
tally fell  in  company  with  u merchant  or  tradesman  vi- 
siting that  town  from  Loadon,  in  who^  house  it  sct'ms  the 
astronomer  Mr.  Flamsti'ed  then  lodged.  Wills  the  view 
ibenTure  of  becoming  acquainted  with  this  eminent  man, 
Mr.  Sharp  engaged  himself  with  the  nu  ichant  as  a book- 
keeper. in  consi’quonce  he  soon  contracted  an  intimate 
acquaintance  and  Irirndthip  with  Mr.  Flamslood,  by 
wliidK*  interest  and  recommindatiuii  he  obtained  a more 
profitable  cmploymeiU  in  the  dock-yard  at  Cbatbam  ; 
where  be  coiumued  till  his  friend  and  patron,  knowing  his 
great  merit  in  aitrooomy  and  mechanics,  called  him  to 
' bis  assistance,  in  contriving,  adapting,  and  filling  up  the 
astronomical  npparatuatiu  the  Royal  Observatory  at 
Greenwich,  which  hitd  been  lately  built,  namely  about 
the  year  1^£;  Mr.  FJnnsiced  being  then  30  years  of  age, 
and  Mr.  Sharp  25. 

In  this  situation  he  continued  to  assist  Mr.  Flamsteed 
in  making  observations  (with  the  mural  arch,  of  Bo  inches 
radius,  and  140  degrees  on  the  limb,  contrived  and  gra- 
duated by  Mr.  Sharp)  on  the  meridional  Xiiiiih  distances 
of  the  fixed  Stars,  sun,  muon,  urnl  planets,  with  the  limn 
of  their  transits  ovt-r  the  meridian;  also  the  diameters  of 
the  sun  and  moon,  and  their  ecli(rses,  with  those  of  Jupi- 
ter’s satellites,  the  variation  of  the  compaM,  Ac.  lie  as- 
sisted him  also  in  making  a catalogue  of  near  50(X)  ii.xed 
Stan,  as  to  their  longitudes  and  magnitudes,  their  right 
ascemions  and  polar  distances,  with  the  variations  of  the 
same  while  they  change  their  longitude  by  one  degrit'. 

But  fi)pm  the  fatigue  of  comiiiually  obsening  the  stars 
at  night,  in  a cold  thin  air,  joined  to  u weakly  constitution, 
be  was  reduced  to  a bad  state  of  health  ; for  the  recovery 
of^^ich  be  desired  leave  to  retire  to  his  bouse  at  Horton; 
wbrrc,  as  soon  as  he  found  himself  on  the,  lecovery,  hr 
be^n  to  fit  up  an  observatory  of  his  own;  having  first 
made  an  elegant  and  curious  engine  for  turning  all  kinds 
of  work  in  wood  or  brass,  with  a maundril  for  (urnipg 
irregular  figures,  as  ovals,  roses,  wreathed  pillars,  Ac. 
Besides  these,  he  made  himself  moat  of4lic  tools  used  by 
joiner^  clockmakcrs,  opticians,  mathematical  instrument- 
maken.,  Ac.  The  limbs  or  arcs  of  hit  Iai|;e  equatorial 
instrument,  sextant,  quadraiiQ  Ac,  be  graduated  with 
the  nicest  accuracy,  by  diagonal  divisions  into  degrees 
and*roinutes.  The  U'lescopes  he  used  were  all  of  hi«  own 
making,  and  the  lenses  ground,  figured,  and  adjusted 
with  his  own  bands. 

It  was  at  this  lime  that  he  assisted  Mr.  Flanuteed  in 
calculating  most  of  the  tables  in  the  second  volume  of  his 
HUtoria  Coelestis,  as  appears  by  their  letters,  to  be  seen 
is  the  hands  of  Mr.  Sharp’s  friends  at  Horton.  Likewise 
the  curious  drawings  of  the  charts  of  all  the  cousccila- 
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viaihle  in  oor  hem^phore,  wtib  tb<f  still  exc«l> 
lent  (Imwin];!^  o(  (he  planispheres  both  of  the  northern  and 
Htuthcni  coiisteliaiions.  And  though  these  drawings  af 
thr  constfllrftions  were  «ent  to  bo  engnued  at^AmsierdHia 
by  a masterly  hiind^  yet  the  originals  far  exceeded  the 
eiigravmgs  in  point  of  beauty  anti  elegance:'  these  were 
published  by  Mr.  Flamsteed^  and  both  copies  may  be 
seen  at  Horton. 

The  maihcinaticiRn  meets  with  something  extraordinary 
in  Sharp’s  elaborate  treatise  of  Geometry  Improved  (in 
4lo  1717,  signed.  S.  Philomath.),  1»I,  by  a large  and 
accurate  tabic  0!  segments  of  circles  its  construcitoii  and 
various  uses  in  the  solution  of  several  difficult  problems, 
with  compendious  tables  for  finding  a true  proportional 
part;  and  their  use  in  these  or  any  oiheatables  exempli* 
fil'd  in  making  logarithms,  or  their  natural  numbers,  to  OO 
places  of  ligares;  there  being  n tabic  of  them  tor*  all 
primes  to  1100,  true  to  6l  hgures.  2d,  His  concise 
treatise  of  Polyc«lra,  or  «jlid  Uidics  d(  many  bases,  l>oth 
(he  regular  one?  and  others  t to  whicli  are  added  twelve 
new  ones,  wiih  various  methods  of  forming  them,  and 
theh'  e.\oct  dimensions  in  surds,  or  i^iH-cies,  and  in  nuin* 
bi'is:  iiritstrafed^sritb  a variety  of  cup|ier-plati's,  neatly 
engraved  by  his  own'" hands.  Also  the  models  of  iht^ 
polyedra  he  cut  Otil  in  boxwood  with  amazing  neatness 
and  accuracy*  Indeed  few  or  none  of  the  mathematical^ 
instrument*rfialt^  Could  exceed  him  in  exactly  gradua* 
ting  or  neatly  engraving  any  roalhcmaiical  or  astronomical 
instrument,  as  may  be  seen  in  the  equatorial  instrument 
above-mentioned,  or  in  bis  sextant,  quadrants  and  dials 
of  various  kinds;  also  in  a curious  armillary  sphere, 
which,  besides  the  common  properties,  has  moveable  cir- 
cles Ac,  for  exhibiting  and  resolving  all  spherical  trian- 
gles; also  his  double  sector,  with  many  other  instni- 
ments,  all  contrived,  graduated  and  finished,  in  a most 
alcganC  manner,  by  himself.  In  short,  be  possessed  at 
once  a remarkably  rli-ar  head  for  contriving,  and  an  ex- 
traordinary hand  for  executing  any  thing,  not  only  in 
mechanics,  bill  also  in  drawing,  writing,  and  making  the 
inoHt  cxnA  aiul  beautiful  sclienics  or  figures  in  all  his  cal- 
culations and  geometrical  constructions. 

I'he  quadrature  of  the  circle  was  undertaken  by  him 
for  his  own  private  amusement  in  the  year  10\Q.Q,  deduced 
from  two  different  serh'9,  by  whicli  the  truth /<f  it  was 
proved  to  72  places  of  figures  ; that  is,  if  the  diameter  of 
a circle  be  1,  the  circumference  will  be  found  equal  to 
S*Ulo92653589793V384b‘264J38327y302884iy74W9 
9373 1 058S097 49445923078 16405&C.  He  gave  also 
ingenious  improvements  on  the  making  of  logaritlyns, 
and  the  constructing  of  the  natural  sines,  tangents,  and 
iUCanU. 

He  also  calculated  the  natural  and  logarithmic  sirres, 
tiingenu,  and  selintsi  to  every  second  in  the  first  minute 
uf'thr  quadrant : the  laborious  investigation  of  whfth 
probably  be  seen  iti  the  archives  of  the  Royifl  Society, 
;i5  they  were  piescnted  t£^lr.  Patrick  Murdoch  for  that 
purpose;  exhibiting  his  very  neat  and  accurate  manner  of 
writing  and  arranging  his  figures,  not  to  be  equalled  per- 
haps by  the  best  penman  now  living. 

The  Utc  ingenious  Mr.  Smeaton  says  (Philos. Trans,  an. 
J78(i,  5,  Ac) “ In  the  year  1689.  Mr.  Flamsteed 

compleicil  his  mural  arc  at  Greenwich  ; and,  in  the  Pro- 
legomena to  his  Historia  Cizlestii,  he  makes  an  ample  ac* 
knowledgmt  ot  of  the  particulaf  assistance,  care,  and  in- 
dustry ot  Mr.  Abraham  Sharp ; whom>  io  the  month  of 


August  1688,  he  brought  into  the  observatory,  os  his 
amanuensis;  and  being,  as  Mr. Flamst'^d  telb  us,  nut 
only  a very  skilful  tnathemaiician,  but  exceedingly  cxpt'rt 
in  mechanical  operatioas,  he  was  principally  eiiTploycd 
in  the  construction  of  the  mural  arc;  which  in  the  com- 
pass of  14  months  he  finished,  so  greatly  to  the  saii.-faction 
of  Mr.  Flamsteed,  that  he  speaks  of  hi[n  in  the  highest 
terms  of  praise. 

“ This  celebrated  instrument,  of  which  he  also  gives  the 
figure  at  the  end  of  the  Proirgutiiena,  was  of  the  radius  of 
b*  feet  7 k inches;  and,  in  like  manner  as  the  sextiint,  it  was 
furuished  both  with  screw  and  diagonal  ilivisions,  all  per- 
formed by  the  accurate  hand  of  .Mr.  Sharp.  Y'et,  who- 
ever compares  the  different  parts  of  the  tabh  for  conver- 
sion of  the  revolutions  and  purls  of  the  screw  la  ionging  to 
the  mural  arc  into  degrees,  minutes,  and  seconds,  with 
each  other,  at  the  same  distance  from  the  zenith  on  dif- 
ferent sides  ; and  with  their  halves,  quarti  rs,  Ac,  will  lind 
a»  notable  a disugreeinent  of  the  *crew-wurk  from  the  hand 
divisions,  as  had  appeared  brforr  in  (he  work  of  .Mr.'l'um- 
pioii  : and  hence  we  may  cnncluda,  that  the  nuthod  of 
Dr.  Hooke,  being  executed  by  (wo  such  masterly  hands  as 
Tonipion  and  Sharp,  and  iound  ilefcclivc,  is  in  reality  not 
to  be  depended  upon  in  nice  matters. 

**  Fnim  the  account  of  Mr.  Flamsteed  it  appears  also, 
that  Mr.  Sharp  obtained  the  xrnith  point  of  the  instru- 
ment, or  line  of  collimation,  by  observation  of  the  zenith 
stars,  with  the  face  of  the  instrument  rvii  the  east  an<l  on 
the  west  side  of  the  wall : and  that  having  made  the  index 
stronger  (to  prrrvritf  flexure)  than  that  of  the  sextant,  and 
tbcri'by  heavier,  he  contrived,  by  means  of  pulleys  and 
balancing  weights,  to  relieve  the  hand  that  was  to  move  it 
from  a great  part  of  its  gravity.  Mr.  8hnrp  continued  in 
strict  correspondence  with  Mr.  Flamsteed  as  long  as  he 
lived,  us  appeared  by  letters  of  Mr.  Flamsteeds  found  after 
Mr.  Sharp’s  death  ; many  of  which  1 have  seen. 

“ I have  b<4n  the  more  particular  relating  to  Mr.  Sharp, 
in  the  business  of  constructing  this  mural  arc  ; nut  only 
because  we  may  suppose  it  the  first  good  and  valid  imtru- 
ment  ofythe  kind,  but  because  I look  u|K>n  Mr.  Sharp  to 
have  b«*en  the  first  person  that  cut  accurate  and  delicate 
divisions  upon  astronomical  mstrunienls  ; of  which,  indo 
fX'iidenl  of  8Ir.  Flamsteed’s  testimony,  there  still  remain 
considerable  proofs : fur,  after  leaving  Mr.  Flamsteed,  and 
quitting  the  department  nbnvi  -mentioned,  he  retired  into 
Yorkshire,  to  the  village  of  I.ittle  Horton,  near  Bradford, 
where  be  ended  his  days  aboiU  the  year  1742  ; and  where 
1 have  seen  not  only  a large  and  very  fine  collection  of 
mechnnicul  tools,  the  principal  ones  ^ing  made  with  his 
own  hands,  but  also  a go  ut  variety  of  scales  and  instru- 
ments ma<Ie  with  them,  both  in  wood  and  brass,  the  divi- 
sions of  which  were  so  exquisite,  as  would  not  discredit  the 
first  artlsta  of  the  present  times  : and  I believe  there  is  now 
remaining  a quadrant,  uf  4 or  5 feet  radius  framed  of 
wood,  but  the  limb  covered  with  a brass  plate  ; the  sub- 
dKisions  being  done  by  diugobuls,  the  lines  of  which  are 
as  finely  cut  as  those  upon  the  quadrants  at  Greenvricb. 
The  delicacy  of  Mr.  Shar;>’s  hand  will  indeed  permanently 
appear  from  the  copper-plates  in  a quarto  bonk,,publirhcd 
in  the  year  1718,  intituled  Geometry  Improved  by  A. 
Sharp,  Philomath.''  (or  rather  I7I7»  by  A.  S.  Philomath.) 
'*  whereof  not  only  the  geometrical  lines  upon  the  plates, 
but  the  whole  of  the  engraving  of  li  tters  and  figures,  were 
done  by  himself,  as  1 was  told  by  a person  in  the  muthe- 
matical  line,  who  very  frequently  attended  .Ylr.  Sharp  in 
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the latU'r  purl  1 ihcn-fort' l«>ok  u|Min  Mr  Sharp 

ihc  fir»l  person  that  brouj^ht  Hit*  alhiir  uf  band  division 
to  any  dt^rtr  of’  |HTfcction.” 

Mr.  Sliarpkcplupacorrrsporttlcnce  by.  Iflicrs  with  most 
nf  the  cmiiK’ni  matlietiviiiciaiM  and  asirouuincrs  of  bis 
time,  as  Mr.  Flamsteed,  Sir  Isaac  Newtou,  Dr.  Halli-y,  Dr. 
Wuliift,.Mr.  Hod)(son.  Mr.Sherwm,\c,thcaiisweis  to  which 
letters  are  all  written  upon  the  backs,  or  empty  spaces, 
nf  the  letters  he  received}  in  a short-hand  of  his  own  con- 
trivance. From  a great  s-ancty  of  letters  (of  w bich  a lai^ 
chest  full  ri^ain  with  bis  friends)  from  tlieM*  and  many 
other  celebrated  mathematician^,  it  is  evident  that  Mr. 
Sharp  spared  neither  pains  nuc  time  to  prumulc  real 
science.  Indeed,  being  one  of  the  most  accurate  and  in- 
defatigable computers  that  ever  existed,  hr  was  for  many 
years  the  common  resource  for  Mr.  Flamsteed,  Sir  Jonas 
Moore,  Ur.  llallcy,  and  others,  in  all  sorts  of  truuUk'some 
and  delicutc  calcularioiis. 

Mr.  Sharp  continued  all  his  life  a bachelor,  and  spent 
his  time  as  recluse  as  a hermit,  he  was  of  a middle  sta- 
ture, but  very  thin,  U ing  of  a weakly  constitution  ; he 
was  remarkably  feeble  the  last  three  or  four  years  before 
he  died,  which  was  on  the  18th  of  July  174‘2,  in  the  91st 
year  of  his  age. 

In  his  retirementat  Little  Horton,  he  employed  fouror 
five  rooms  i»r  apartment*  in  his  house  fur  different  pur- 
poses, into  which  none  of  his  family  could  possibly  enter 
at  any  time  without  his  permission.  He  was  aeldom  vi- 
site<l  by  any  persons,  except  two  gctitlemrn  of  DradfunI, 
tlK'onc  a inatliemabcian,  and  the  other  an  iugtMii.«iusa|>«>- 
thecary  : these  were  admitted,  when  he  chose  to  best'cnby 
tiu-m,  by  (be  signal  nf  robbing  a stone  against  a c<»rtain 
part  of  the  outside'  wall  of  the  house.  He  duly  attended 
the  tiisseniing  chapel  at  Bradford,  (of  which  he  was  u mem- 
ber,) every  Sunday  ; at  which  time  he  took  care  to  be  pro- 
vided with  pk'iuy  of  halfpence,  which  he  very  charitably 
suffered  to  be  taken  singly  out  of  his  hand,  held  lichind 
him  during  Ki|  walk  to  the  chajicl,  by  a numlnT  of  |>oor 
people  who  followed  him,  without  bU  iwcr  lookir^  back, 
or  asking  a single  question. 

Mr.  Slmr|»  was  very  irregular  as  to  bis  meals,  and  re- 
markably s}mring  in  his  iliet,  which  he  Irequeiiily  took  in 
the  following  manner.  A little  square  hole,  vomcihing  like* 
a wiinlon,  made  a cuinmiinication  between  the* room  where 
he  was  usually  employed  in  calculatious,  and  another 
cbaintKT  or  room  in  the  houae  wliere  a servant  could  en- 
ter ; and  before  this  hole  he  had  contrived  a sliding  b<«rd : 
the  s<  rvant  always  placi'd  his  victuals  in  this  hole,  without 
speaking  or  making  any  the  least  noise ; ar^d  when  he  bad 
i^itlle  leisure  he  visited  bis  cupboard  to  in*  what  it  afforded 
to  satisfy  his  hunger  or  thirst.  But  it  often  happened, 
that  the  breakfast,  dinner,  uud  sup|>or  have  remaiiu-d  un- 
touched by  him,  when  the  servant  has  gone  to  remove  what 
was  left— so  dtvpiy  engaged  had  he  been  iii  calculations. 
Cavities  might  easily  b«  perceived  in  an  old  Fjiglish  oak 
table  where  be  sat  to  write,  by  the  frequent  rubbing  and 
wearing  of  bis  elbows.— f«u/ra  carat  iupu1<m,  ffc. 

Hv  Sharp's  epitaph  itappears  that  be  was  related  to 
archbishop  Sharp.  And  Mr.  Sharp  the  emim-nt  surgeon, 
who  it  seems  has  lately  retired  from  business,  is  the  u«- 
phew  of  o^ir^ author.  Xnother  nephew  was  the  father  of 
Mr.  Kiimsden,  the  late  celebrated  instruiuent-makef,  who 
says  that  bis  grand  uncle  Abraham,  our  author,  was  some 
time  in  bis  younger  days  an  exciseman  ; which  oeciipatiun 
be  quitted  on  coming  to  a patrimonial  estate  uf  about  ‘2001. 
a-ycar. 


^ll4nr,  ill  Mu-ur,  a l^id ‘of  artificial  note,  or  charac- 
ter, timv  foiiucd  • : this  Uing  prefixed  to  any  note,  shows 
that  it  tu  be  sui^  or  played  a wmitone  or  half  note 
higher  than  the  natural  note  is.  When  a sharp  is  placed 
at  the  hegiiinmgof  a stave  or  mnn-rornt,  it  5hows  fbat  all 
notes  that  aK*  found  on  the  same  lirn*,  or  space,  throughout, 
are  to  bc‘  raised  half  a tone  above  their  natural  pitch,  un- 
lessa  natural  fnterveue.  When  a sharp  occurs  accidental- 
ly, it  only  affect^  as  niativ  notes  as  follow  it  on  thcMme 
line  or  space,  without  a luiiural,  in  the  rompassof  a bar. 

bHI'..\VF.,  Ill  .Mechaniv  8.4*  solid  C)  liiidrical  wheel,  6xcd 
in  a channel,  mid  loove^le  aUuit  un  axis,  as  ucmg  used 
to  raise  or  increase  the  mechanical  powers  applied  to  re- 
move any  body. 

SH  KKRS, -aboard  a ship,  an  engine  used  to  hoist  or  dis- 
place the  lower  masts  ot  a ship. 

SIILKEU  or  Siir.KLC,  an  ancient  Hebrew  coin  and 
weighty  equal  to  *k  Attic  drachmas,  or  4 Roman  denarii,  or 
2s.  9|<1.  sterling.  According  to  father  Mcrseiim-,  the  He- 
brew shekel  weighs  2(>8  grains,  and  is  composed  of  20  oboli, 
each  obolus  weighing  lb  grains  of  wheat. 

SHLRBtUNK  ^%uwARu),an  ingenious  scholar,  was 
born  ill  London  in  and  died  in  1702.  After  com- 

pleting bis  education,  he  iravclied  abroad  ; but  returned  In 
lb4l,and  succeedi*d,  on  his  father's  death,  to  the  office  of 
clerk  of  the  ordiinnce.  Hr  wa>  iinprivoned  for  some  lime* 
by  the  parliament,  and  on  recovering  his  liberty  joined  the 
king,  whom  he  served  with  great  bravery,  by  which  he 
suffered  coiiiiderably  in  his  iwiatc.  After  the  baillr  of 
Kdgvbill  he  went  to  Oxford,  where  he'  was  creates!  m.-isler 
of  arts.  At  the  restoration  he  recovered  Ins  phice,  was 
knighted,  and  made  cumniissnry-geiicnil  of  the  artillery. 

bnerburne  published  a volume  of  poems,  and  a trans- 
lation uf  Seneca's  lrag>i}i(x.  But  his  chirf  work  was  a 
translation  of  The  Sphere  of  M Maiiilius,  made  an  Kngitsh 
poem,  with  annotations  and  an  astronomical  ap{iciidix: 
London  16*75,  in  udio.  Of  the  parts  of  this  pm-m,  their 
distribution  and  os(|,f,  and  of  the  interpreter's  labours  in 
explaining  it,  both  in  liiv  learmnl  notes  and  considerable 
np|k-ndix,  be  observes,  ^at  the  porm  begins  with  a suc- 
cinct indication  of  the  origin  »nd  progress  of  art*  und 
sciences,  particularly  of  astronomy  ; of  which  last,  licsidct 
what  the  irauslator  has  noted  in  his  iiffirginal  illustrations, 
be  has  added,  for  the  satisfaction  of  the  mure  ciirteus,  a 
compendious  history,  continued  down  to  the  age  ot  .Mam* 
bus;  with  a very  instructive  catalogue  uf  the  most  emi- 
nent astronomers,  from  the  hfst  partnt  of  all  arts,  and 
mankind  itK’if,  to  the  editor's  lime.  A more*  particular 
and  satisfactory  account  of  this  work  may  be  seen  in  tha 
Rhilosi  Trans.  V0I.9,  pia  228,  or  in  my  Abridg.  vot.  2, 
pa.  185. 

SHII.LINC,  an  English  silver  coin,  equal  to  12  pence, 
Ar  the  2dth  part  of  a pound  stcriiug.  'rhis  was  a Saxon 
coin,  being  the  48th  part  of  their  pound  weight.  Its  value 
at  ffrst  was  5 pence ; but  it  was  reduced  to  4 pi*nce  about 
a ceiitur^  bf'fure  the  conquest.  Alter  the  coiK|Ucst«  tbe 
French  solidus  of  12  pence,  which  was  in  use  among  the 
Normans,  was  called  by  the  English  name  of  shilling ; and 
the  Saxon  shilling  of  4 pence  took  a N'onnan  name,  and 
was  called  the  groat,  or  great  coin,  because  it  was  (ba 
largest  English  coin  then,  known,  ^oro  this  lim^  tha 
shilling  underwent  many  alterations. 

Ill  the  time  of  Edward  the  1st,  the  pound  troy  was  the 
same  as  the  pound  sterling  of  silver,  consisting  of  20  shil- 
liup  ; so  that  the  shilling  weighed  the  20lb part  ofupouryl. 
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or  mure  than  half  an  ounce  trof.  Rut  some  arc  of  opi> 
iiion,  there. were  no  cojni  of  ibis  dt-noroinatiun,  till  Henry 
the  7th,  in  the  year  150i,  first  cuituisilver  pieces  of  12 
pence  value,  which  wc  call  shillings.  Since  the  rogn  of 
Kli2abciti,  a shilling  weighs  the  02n(i  part  of  a pound 
troy,  or  3 dwls.  20y*  grs,  the  |>ound  weight  of  silver  iim> 
king  62  shillings.  And  hence  the  ounce  of  silver  is  worth 
5^  shillings,  or  5s.  2d. 

Many  other  muiuns  have  also  their  shillings.  The  En* 
glish  shilling  is  worth  abiiut  23  French  sols;  those  of  H<»1- 
land  and  Germany  about  half  as  much,  or  ll^  soU;  tbuM*^ 
of  Flanders,  about  9.  The  l)iiicl||.shiliing>  are  uUo  called 
sols  dc  gros,  because  equal  to  12  gross.  The  Danes  have 
copper  shillings,  worth  about  one  fourth  of  a farthing  ster> 
ling. 

MIIVERS,  in  a ship,  the  seamen*  term  for  those  little 
round  wheels,  in  which  the  rope  of  a pulley  or  block  runs. 
They  turn  with  the  rope,  and  have  pieces  of  brass  in  thetr 
centres,  into  which  the  pin  of  the  block  goes,  and  on  which 
they  turn. 

SHOR  T t^AMEs),  ft  very  eminent  optician  and  tele- 
•Cop«’«iDHkcr,  was  the  stm  ofa  joiner  at  Edinburgh,  where 
James  was  burn  i(i  17 10.  At  ten  years  of  ago,  his  parents 
bring  buUi  dead,  be  was  placed  as  a poor  Uiy,  in  lleriot’s 
chanty  bi'spital  at  that  place.  Two  )ears  after  however, 
having  shmvn  uncommon  talents,  he  was  »cnt  to  the  high- 
schoul  of  that  city,  where  he  so  much  distinguished  him* 
self  in  classical  learning,  that  his  friends  thought  of  qua* 
lifying  him  for  a learned  profession.  After  ^ years  sprnt 
at  the  high-sclio  >l,in  17*6  he  w*as  entered  a siud'mt  in  the 
university  of  Edinburgh  ; where  he  passed  through  a re- 
gular course  of  study  ; took  his  degree  of  master  of  art*  ; 
and.  at  the  earnest  entreaties  of  his  relations,  attended  the 
divinity  hall;  after  which,  in  I731»bc  passed  his  trials  to 
ill  him  fora  preacher  in  the  church  uf  Scotland. 

So<»n  after  this,  however,  the  mind  our  young  artist 
b^:m  to  rev4»lt  ngaiiitt  the  iflea  of  a profession  so  little 
suited  to  his  tah  nt<t ; and  having  h<i^^cc:tsion  to  attend  a 
Course  ol  Mr,  Maclaurins  mathematical  chus  in  the  col- 
li*gc,  be  there  so  much  di^iinguisKad  him^cil.tlial  the  pro- 
fessor took  great  notice  of  him,  and  invitrd  him  often  to 
bis  bouse,  where  ho  had  opportunities  of  knowing  more 
fully  the  extent  of  rtic  young  man's  capacity.  In  1732, 
Mr.  \f.  kindly  permitted  his  pupil  to  make  me  of  his  rooms 
in  the  college,  fur  bis  apparatus,  wlierc  he  becan  t»  work  in 
his  new  profession  of  tclr>icopc-making,  unJer*thc  ey*-  of 
his  eminent  master  and  patron  ; who,  in  a letter  about  (wo 
years  after  to  Dr.Jurin,  menliuns  the  pnificic-ncy  made  by 
Mr.  Short,  in  constructing  reflecting  telescopes,  in  these 
words  Mr.  Short,  who  had  bt'gun  with  making  glass 
specula,  is  now  employing  himself  to  iinprmr  the  nuiullic. 
Dy  taking  care  ol  tlie  figure,  he  is  enabled  to  give  them 
larger  apertures  than  others  have  done;  and,  up>>n  the 
whole,  they  surpass  in  perfection  all  that  I have  sci-u  of 
other  workmen.”  The  figure  which  Mr.  S.  gave  to  his 
great  specula,  was  parabolic  : which  he  <lid  linilever  nut 
by  any  rule  or  canon,  but  by  practice  and  mechanical  de- 
vices. 

.Mr.  S.  continued  from  this  lime  to  practise  his  art  as 
a re^jilar  prnfevsion^  with  much  success;  w,  ihat  when, in 
the  year  1736,  he  was  called  up  to  London,  at  the  dwirc 
of  queen  Caroline,  to  give  mathematical  instructions  to 
Wm.  duke  of  Cumberland,  he  had  cleartnl  the  sumof  jOUl. 
by  the  profits  of  his  business.  Towards  the  end  of  the 
Munc  year  he  jciurncd  io  Edinburgh;  and  having  made 


several  useful  improvements  in  his  art,  during  his  stay  in 
Kngfand,  be  now -prosecuted  it  with  fresh  vigour  and  suc- 
cess. In  1739*  being  then  again  nt  London,  the  eail  of 
Morton  took  Mf.  S.  vnlh  him*  un  a tour  to  the  Orkney 
isles,  ami  engaged  him  .there  to  adjust  the  geugiuphy  of 
that  part  of  Scotland.  Hu  returned  to  London  with  the 
earl,  and  fnuily  established  himself  there,  in  the  line  of 
bis  protession.  In  1743,  lie  was  employed  by  lord  'Jbo«. 
S)icncer,  to  make  a reflector  of  12  feet  focus,  being  the 
laigesi  that  lie  ever  con»iructe<l,  e.xcept  those  for  the  king 
of  Spain,  und  some  others  ot  the  saint*  focal  ^tunce,  with 
great  improvciiicitt^  and  higher  nia«>nifirrs.  'The  telescope 
for  the  king  of  Sp  m was  finished  in  the  year  1/52.  which, 
with  its  wliuic  apparaiU5.'  120U/.  Rut  the  msttuiiicnt 
mode  for  lorif  I b<«iuai  ncer,  having  fewer  ncci>mpani- 
ments,  was  purchased  lot  (KHl guineas.  Mr.  Short  died  at 
Newington  Butts,  near  L^mdun,  in  1768,  at  5b  years  of 
Age  ; und,  from  the  great  profits  and  sucdcss  of  Ins  irudc, 
left  at  hi*  death  a fortune  of  20  tbou*and  pounds. 

Mr.  N.  was  a good  general  scholar,  U-sulcs  well  skilled 
in  optics  and  mathematical  learning.  He  wav  a very  use- 
ful member  of  the  Royal  Society,  nnd  wrote  h great  mul- 
titude ofe.xcellent  paper*  in  the  Philos.  Tran*,  from  the 
year  1736  till  the  time  of  his  death.  Among  them,  his 
determination  of  the  sun  s paralla.v  at  about  from  his 
ingenious  calculations  un  the  iranvit  uf  Veiiui,  has  been 
pretty  generally  adopted  by  astronomers. 

bllOUT-blGHTEDNLSS,  myopia,  h defect  in  the  con- 
forniotiun  uf  the  eye,  when  the  cTystulline  6cc  bt*ing  too 
Convex,  the  ruys  that  enter  the  eye  are  r^li acted  loo  much, 
and  maile  to  converge  tm»  fast,  so  as  to  unite  before  they 
reach  the  retina,  by  which  means  vi*)oa  is  reitdercd  dim 
and  curvfuscd. 

It  is  camtnonly  thought  that  short-sightedness  wears  off 
in  old  a.;r,  on  account  of  the  eye  becoming  tlallrr ; but 
Dr.  Smith  qui*stions  whether  this  be  matter  of  fact,  or 
only  hypothesis.  It  iv  reinarkal'U-  ihutsiiort  sighted  pM*r- 
sons  commonly  write  a small  Imnd,  arul  afieci  a Miiall 
prior,  because  they  can  see  more  ut  it  at  one  view' : that 
it  is  customary  with  them  not  tu  look  at  the  person  they 
converse  with,  because  they  cannot  well  sec  the  motion 
of  his  eyes  and  features,  and  arc  therefore  attentive  to  his 
wards  only:  that  they  s«'c  more  distinctly,  and  somewhat 
further  off,  by  a strong  light,  than  by  a weak  one ; because 
a strung  light  causes  a contraction  of  the  pupil,  and  con- 
sequently of  the  pencils,  both  here  and  at  the  retina,  which 
lessens  their  mixture,  and  consequently  the  apparent  con- 
fusion ; and  therefore,  to  sec  moie  distinctly,  they  alrtiost 
close  their  vyc^lids,  fur  which  reas«)ii  they  were  anciently 
called  myopes.  Ismith’s  Optics,  vuL  2,  Hem.  pa.  10.  ^ 

Dr.  Jurin  observes,  that  pc'fsons  who  an*  much  and  long 
accustomed  to  view  obj(*cl»  at  small  distatiCv*s,  a*  studeiiU 
in  general,  watchmakers,  engravers,  poirvtcrs  in  miniature, 
&c,  see  better  at  small  distances,  and  worse  at  great  di- 
stances, than  other  people.  .And  he  gives  the  reasons, 
from  the  meclianical  enVet  of  habit  in  the  eye.  Essay  on 
Dist.  and  Indisi.  Vision. . 

The  ordinary  remedy  for  short-sightedness  is  a concave  . 
lens,  held  before  the  eye ; for  this  causing  the  rajs  to  di- 
verge, or  ftl  least  diminishing  much  of  their  convrrgcncy, 
it  makes  a comp^  nsatiun  for  the  too  great  convexity  of  the 
crystalline.  Dr.  Huokc  suggests  another  remedy ; which 
is  to  employ  a convex  glass,  in  a position  between  tbe  ob- 
ject and  the  eye,  by  means  of  which,  the  object  may  be 
made  to  appear  at  any  distance  from  it,  and  $0  the  eye  be 
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made  trt  contemplate  the  picture  in  the  »ame  manner  as  if 
the  object  itself  were  in  it»  pbce.  But  here  mifurtunately 
the  iniMKC  will  appear  invcrteil : for  this  however  be  bos 
some  Hhiin»ical  expeijh  iits ; m,  m readiiift  to  turn  the 
book  U|»i<ie  chtw’rif  and  to  learn  tu  write  upside  down. 
As  to  distant  objeclf,  the  doctor  as»>‘rtftj  from  hi!townex- 
perience»  that  with  a little  practice  in  contemplating  in- 
vertcrl  objects  one  gets  ns  good  an  idea  of  them  as  if  seen 
in  their  natural  posture. 

SHOT,  in  the  Military  Art.  Hicludrs  alt  kinds  of  balls 
orbuUiis  f«ir  tire  arms,  from  the  cannon  tu  the  pistol.  As 
to  those  for  mortars,  they  are  usually  called  shells.  Shut 
are  mostly  ot  a round  form,  though  ihene  are  other  shapes. 
Those  tor  cannon  arc  ol  iron ; but  tb<>M*  for  muskets  and 
pistols  are  of  lead.  Cannon  >hot  and  shells  are  usually 
set  up  m piles,  or  heaps,  tapering  from  flie  base  towards 
the  top;  the  base  lieing  cither  a triangle,  a sr)uan*,  or  a 
rectangle;  from  winch  the  number  in  the  pile  is  easily 
computed.  Sec  Pit.c. 

1 tie  weight  and  dimensions  of  balls  may  be  found,  the 
one  in>in  the  other,  whether  they  are  of  iron  or  ol  lead. 
‘J’hus,  the  weight  of  an  iron  ball  of  4 inches  diameter,  is 
^Ib,  and  becauM*  the  weight  is  at  the  cubs*  of  the  dimneler, 
therefore  as  4’  ; i)  : : rf-* : as  w,  the  wi  ighi  of  the 

iron  ball  whose  diamo(i>r  is  </ ; that  is.  of  the  cube  of 
its  diameter.  And,  cunvi-rscly,  if  the  weight  bi*  given, 
to  find  the  diameter,  it  will  ui  a d ; that  is,  lake 

or  7^  of  the  weight,  and  the  cube  root  ol  that  will  be 
the  diameter  of  the  iron  ball. 

For  leaden  hulls;  one  ol  4}  inches diameUT  weighs  17 
puumis;  therefore  as  the  cube  of  4|  is  to  17>  or 
nearly  as  y ; 2 : : : sst  w,  the  weight  of  the  leaden 

ball  w ho^e  diameter  is  </,  that  is,  ^ of  the  cube  of  the 
diameter.  On  the  contrary,  if  the  weight  be  given,  to 
find  the  diami.’tcr,  it  will  be^|ui  = d ; that  is,  | or  4( 
of  the  weight,  and  the  cube  root  of  the  product.*  Si'e 
my  Come  Sections  and  Select  Exorcises,  pa.  141 ; or  my 
Math.  Course,  vol.  12,  p.  Sby. 

SHOULDER  qf  n BitUtoftt  in  E'orti^calion,  is  the  an- 
gle where  the  face  and  the  flank  meet. 

SHOULUEUINO,  in  E’ortification.  Sev  Epaule* 

MIXT 

SMUCKIIURGII  EVELYN  (SirGroROE  A.W.barl.) 
died  nt  hiH  seat  In  Warwickshire,  Sept.  1%04,  in  the  54th 
year  of  his  age.  He  had  repretfeuted  that  county  in  three 
successive  parliaments  ; wiirre  his  integrity,  and  inde- 
pendent conduct  as  a British  senator,  procured  him  the 
respect  of  all  wise  and  giHul  men.  Sir  G.  was  an  elegant 
classical  scholar,  and  had  improved  bit  knowledge  of  men 
and  science  by  profitable  travels  through  Europe,  lie 
was  a considerable  ronthematician  and  pinlosopher,  and 
well  skilled  in  astronomy  both  tboomical  and  practical ; 
in  which  science!  bis  deep  and  laborious  researches  gave 
him  a distinguished  rank  in  the  Royal  and  Antiquarian 
Societies,  whose  publications  are  adorned  with  sevt  ral  of 
bis  Ifumed  and>  iogpntous  compositions,  particularly  his 
paper  on  the  Barometrical  Measurements  ol  .Mtitudes. 
Sir  Geo.  egrried  his  mathematical  and  logical  habits  into 
every  purpose  in  life,  in  every  circumstance  of  which,  he 
was  one  of  the  most  correct  and  methodical  of  men.  Of 
men,  and  motives  of  action.  Sir  Geo.  was  a most  accurate 
judge,  and  was  always  attentive  to  guard  hiniK’lf  against 
the  iifl|)ositiun»  of  the  designing.  In  matters  of  science 
too,  no  roan  was  more  wary  of  making  hasty  inferences, 
or  of  forming  general  couclusions  from  partial  or  ioac- 


curate  observations.  Truth  was  his  darling  object;  which 
he  endeavoured  to  discover,  and  to  delect  error,  by  the 
most  patient  vigilance.  Hud  Sir  Geo.  devoted  more  of 
his  lime  tu  those  pursuits,  he  would  probably  have  had 
few  superiors  in  philoM»pbKal  celt  brjiv.  The  paif.s  ho 
look  to  adjust  a rtgiiUr  and  umfuini  si'andurd  ol  weights 
and  measures,  the  lardy  cuuiioumess  of  i.is  exfveiiinents, 
the  accuracy  of  his  calcoltiiivns,  and  the  practicability 
of  his  schemes,  eiiltllr  him  to  the  Inchest  praise,  among 
such  a^  have  lHboun*d  fur  the  public  benefit. 

bllWAN^p^n,  a Chinest*  instrument,  crnnp«»»ed  of  a 
numlH'r  of  wires,  with  beads  updh  them,  which  they  move 
backwards,  and  forwards,  and  whic.t  serves  to  assist  them 
ill  their  computations.  See.YBACUs. 

SIDE,  ItUus,  in  Geometry.  The  side  of  a figure  is  a 
line  making  part  of  the  periphery  of  any  superficial  figure. 
In  trianglf^s,  the  sides  ore  also  called  legs.  In  a iTght- 
aiigli*d  triangle,  the  two  sides  that  include  the  right  angle, 
are  called  catheti,  or  sometimes  the  boseond  perpendicu- 
lar; and  the  third  side,  the  hypothenuM*. 

Side  of  a Number^  is  the  number  of  terms  in 

the  arithmetical  progression  that  are  summed  up  to  form 
the  number. 

Side  qf  a Foiver^  is  what  is  usually  culled  the  root. 

^IDES  of  Horn^xeorkt,  Croua-uiorEr,  D •ubfr^tcrutillctf 
&c,  are  the  rumparis  and  purapets  which  inclose  them 
on  the  right  and  left,  from  the  gorge  tu  the  head.  • 

SIDEREAL,  sumcihitig relating  to  the  stars.  As  side- 
real year,  day,  Arc,  beingthove  jnuiltfd  out  by  the  stars. 

SlOBKEAL  Kror.  Si>cVCAR. 

SjDEKEAL  Day,  is  the  time  in  which  any  star  appears 
to  revolve  from  the  meridian  to  the  meridian  again  ; 
or  the  time  in  which  the  earth  makes  one  complete  revo* 
lulion  on  its  axis,  which  is  23  hours  56' 4^  6'^  gf  mean 
solar  lime;  there  being  366  sidereal  days  in  a year; 
that  19,  the  earth  maki*s366  revolutions  on  its  axis,  though 
wc  only  see  the  sun  rise  565  times ; so  that  366  terres- 
trial revolutions  would  be  exactly  equal  to  363  diuyial 
revolutions  of  the  sun,  if  the  equinoctial  points  were  at 
ml  iu  the  heavens.  But  thex*  points  go  backward,  with 
resfiecl  tu  the  stars,  at  the  rate  of  5o"  of  a degree  in  a 
Julian  year  ; which  causeth  the  stais  to  have  an  apparent 
progresMve  motion  eastward  30*^  in  that  time.  And  as  the 
sun’s  mean  motion  in  the  ecliptic  is  only  11  signs  29°  43' 
40”  13*'  in  363  days,  it  follows,  that  ut  the^d  of  that 
lime  he  will  be  14'  If/'  43'*  shi>rt  of  that  point  of  the 
ecliptic  from  which  he  set  out  atYhe  beginning ; and  the 
stars  will  be  advanced  3</''  of  a degree  with  respect  to 
that  point. 

Cons4H]uently,  if  the  sun's  centre  be  on  the  inoridiaa 
with  any  star  on  any  giv4*n  day  of  the  year,  that  star 
will  be  14'  19*  43"'  30*  or  13'  9"  43"'  t;^st  of  the 

sun's  centre,  on  the  363th  day  afierwH|4*  vvhen  the  sun's 
centre  Ts  on  the  m*  ridian ; and  therefore  that  star  will 
not  come  to  the  meridian  on  that  clay  till  the  sun’s  centro 
has  passed  it  by  l'  O'*  Sb"'  37""  of  me:in  tolar  lime;  for 
the  sun  lakes  so  much  lime  to  go  through  an  arc  of  li* 
9"  43'" ; and  then,  in  363^  0^  l'  o"  38'"  37""  the  star  will 
have  just  completed  its  36'6th  revolution  to  the  meri- 
dian. 

In  the  following  table,  of  sidereal  rcvoiutiom^lbc  first 
column  contains  the  number  of  revolutions  of  the  stars; 
the  others  exhibit  the  time's  in  which  these  revolutions 
are  made,  as  shown  by  a well  regulated  clock  ; those  on 
the  right  hood  show  the  daily  accelerations  of  the  sun, 
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tliat  hiiw  mucli  any  '^tur’gniria  u]>imi  shown  ly 

.HUcU  a clock,  in  the  corresponding  rcv(i)uiimi>. 
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This  lahie  svill  not  diffor  ihe  *27^.930*, ()00,0CKJlh  part  of 
a second  of  lime  from  ihe  truih  in  a whoh*  year.  It  was 
otlculated  by  Mr.  Frrous4m;  and  it  is  the  only  table  of 
the  k^nd  in  which  the  rt'C(*ssion  of  the  equinoctial  points 
has  he<>n  taken  into  the  cairulalkm. 

SlGK.  in  Algebra,  a symbol  or  ciiaracter,  employed  to 
denote  some  particular  operation.  Those  moat  coimnonly 
used  are,  % for  addition,  — feur  subtractiun,  a ur  • for 
multiplicafion,  ~ for  diviMon,  ^ Utt  the  square  root, 
^ for  the  cube  root,  aa^  ^ for  the  nth  root  \ also  :=  for 
equality,  \c. 

Signs,  Uk^.  poiuive,  nc^a/iVc,  radical,  &c.  See  the 
tdyectives. 

Sion,  in  A-itronomy,  a l^th  part  of  the  ecliptic,  or  zo> 
diac ; or  a portion  containing  30  degrees  of  the  same.  * 

The  ancients  dieitit-d  the  rodiac  into  12  M'gTiicntx,  called 
signs;  commencing  at  the  point  where  the  ecliptic  and 
equinoctiHl  intersect,  and  so  caummg  forward  from  west 
to  e^ist,  according  to  the  course  of  the  sun  ; these  signs 
they  named  from  the  12  consicDations  which  possessed 
those  segments  in  the  lime  of  Hipparchus.  But  the  con- 
stellations have  since  so  changed  their  places,  by  the  pre- 
cession of  the  equinox,  that  Aries  is  now  found  in  the 
sign  CalHd  Taurus,  and  Taurus  in  that  of  Gemini,  tec. 

The  nami'S,  and  characters,  of  the  12  signs,  and  their 
order,  are  as  follow:  Ark’S  «T,  Taurus  Gemini  n. 
Cancer  Leo  Virgo  Ubra  A,  Scorpio  iq,  Sa- 
gittarius t,  Capricomus  I^f,  Aquarius  sSt  Pisces  X; 


each  of  which,  with  the  stars  in  them,  see  undvr  its  pit)- 
jx’r  article,  Ariej*,  Tarucs,  &c. 

The  signs  are  dislmguisbed,  with  regard  to  the  season 
of  the  year  when  the  san  is  in  them,  into  vernal,  (esiival, 
HUMimna),  and  brumn). 

• Vernal  or  Spring  Signs,  are  Aries,  Taurus,  Gemini. 

^fCuna!  or  Summer  Signs,  are  Cnncer,  l..eo,  \'irgt*. 

.iutumnal  SiuHS^  are  Libia,  Scorpio,  Sagittary. 

Hntmai  or  IVintcr  Signs  arc  Capricorn,  Aqnuius, 
PiscoH.  The  vernal  and  summer  signs  ncc  aUo  c.illed 
northern  signs,  bccauM>  they  are  on  the  north  side  of  the 
equinoctial ; and  the  autumnal  and  winter  signs  are  called 
»ouchern  ones,  because  they  are  on  the  south  side  of  the 
same. 

I'he  signs  are  also  di^ti1lgui^hed  into  aserndine,  and 
descending,  according  as  they  are  ascending  ti«ward  the 
north,  or  ik'scendini*  lowntd  toe  south.  'I'hus,  the 

AKtndinig  Siosm,  »re  the  winter  and  spring  signs,  or 
thobe  six  from  the  winter  solstice  to  the  summer  soKtico, 
via,  fue  signs  Caprici>rii,  Aquarius,  Piscea,  Aries,  Taurus, 
Gemini.  And  the 

7>ru?cRdkf^' Signs  are  the  summer  and  autumn  signs, 
or  the  signs  Cancer,  Leo,  Virgo,  Libra,  Scorpio,  Sagit- 
tary. 

SiGN^,  Fired,  Hla.nruiine,  t<c  ; see  the  adjectives. 

SILI.ON,  in  Foriiticalion,  an  elevation  oi  earth,  made 
in  the  niiridl*  of  the  moat,  to  fortify  it,  when  too  bruud. 
li  is  nmre  usually  called  the  Knvelo|H% 

SIMUmaH,  111  .Arithmetic  and  Ceonietr\’,  the  same  wkh 
like.  Similar  things  have  the  same  di-position  or  enn- 
furmation  of  parts,  and  did'er  in  nothing  but  as  to  their 
quantity  or  aiiignumie;  as  two  sijuart-s,  ur  two  cirrlrs, 
^c.  In  Mallieiiitttics,  siiiiiiar  parts,  as.  a.  a.  have  the 
same  ratio  to  their  uholes  u,  h;  and  if  (he  wholes  have 
the  same  ratio  to  the  parts,  the  parts  are  similar. 

SiMiLAk  aniile*,  are  al»o  cquul  angles. 

Similar  ores,  of  circles,  arc  such  as  are  like  parts  of 
their  whole  (leripheries.  And,  in  geneial.  similar  arcs  of 
any  like  curves,  ve  the  like  parts  ul  the  wIioK-n. 

SiuiL.tu  6od/r«,  in  Natural  Philosophy,  are  such  as 
have  ihesr  particles  of  the  same  kind  and  nature  one  with 
another, 

Similar  CKrtrs.  Two  segments  of  two  curves  are  said 
to  be  similar  when,  any  n?ht-Iine<l  figure  being  inscribed 
within  one  of  them,  we  *can  iosenbu  always  a similar 
rectilineal  figure  in  the  other. 

SutiLAR  Conic  Sectwm,  are  «ucb  a*  are  of  the  same 
kind,  niid  have  their  principal  H.\es  a.id  jaii.imeUrs  pn>- 
poriiuiiai.  two  eilqoies  are  figures  of  the  same  kind, 
but  they  are  not  similar  unless  the  axes  of  the  one  have 
the  same  ratio  os  the  axi’s  of  the  other.  And  the  same  of 
two  hyperbolas,  or  two  parabolas.  And  ger.*'rally,  those 
curves  are  similar,  that  are  of  the  same  Imd,  and  have 
their  corresponding  dimensions  in  the  same  ratio. — All 
circles  are^similar  figures. 

Similar  Diameters  of  Cenic  Sections,  are  such  as  make 
equal  angles  with  their  or  linutcs. 

Similar  Fis^res,  or  plane  figures,  are  such  as  have 
all  their  angles  equal  scspvciively,  each  to  each,  and  ihcir 
sides  about  the  equal  angles  pr«q>'  rinmal.  And  the  same 
of  similar  polygons. — Similar  plane  figures  have  their 
areas  or  contents,  in  the  duplicate  ratio  of  their  like  sides, 
or  as  the  squares  of  those  sides.  ^ 

Similar  Flane  Avta^erf,  arc  such  as  may  be  ranged 
into  the  form  of  similar  rectangles ; that  is,  into  rccUA- 
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glei  whose  lides  are  proportioned!.  Such  arc  12  and 
4S  ; for  the  «i<les  of  12  are  6 and  2«  and  rhe  »ide«  of  48 
,are  12  and  i,  which  in  the  same  proportiuu,  via, 

'b* : « : : 12  ; 4. 

Similar  Pclif^<n^y  are  polygons  of  the  same  number 
of  iingles,  and  the  angles  in  the  one  equal  severally  to  the 
angles  in  thp  olhert^also  the  sides  about  those  angles  pro- 
portional. 

Similar  Rectangles^^x^  those  that  have  their  sides  about 
the  like  angles  proportional. — All  squart^s  are  similar. 

Similar  St^mmia  of  citxkaf  arc  such  as  contain  equal 
angles. 

Similar  SoUdn^  are  such  as  an;  contained  under  the 
same  number  of  similar  planes,  alike  situated. — Simiiar 
solids  are  to  each  other  us  the  cubes  of  their  like  linear 
dittiensions. 

Similar  Solid  Sunthtn^  arc  those  whose  liMle  cubes 
may  be  so  ranged,  as  to  form  similar  purallclapif>edoQS. 

i»iMiLAR  Trinnglm^  are  such  ns  are  equiangular  ones, 
or  have  all  their  three  angles  respectively  f'qual  in  each 
triangle.  For  it  i«  suAicient  for  iriangli-s  to  be  similar,  that 
they  be  equiangular;  l>ccause,  being  equiangular,  they  nb- 
cessarily  have  their  sides  proportional,  which  is  a condition 
of  similarity  in  all  figures.  As  to  other  figures,  having 
more  sides  than  three,  they  may  be  equiangular,  without 
having  their  sidt>s  proportional,  and  ihcrefpre  without 
being  aiinilar.— -bimilar  triangles  are  as  the  squares  of  their 
like  sides.  » * 

SIMILITUDE,  in  Arithmetic  and  Geometry,  denotes 
the  relation  t>f  things  that  are  similar  to  each  other. 
Euclid  and,  after  him,  roo»t  other  mithon,  demonstrate 
every  thing  in  geometry  from  the  principle  of  congruity. 
WnIHus,  instead  of  it,  substitute's  that  of  similitude, 
which,  he  says,  was  communicated  to  him  by  Leibnita, 
and  wlpch  he  finds  of  very  considerable  use  in  geometry, 
as  serving  to  demonstrate  many  things  diri'Ctly,  which  arc 
only  demonstrable  from  the  principle  of  congruity  in  a 
%cry  lediouH  manner. 

SIMPLE,  something  not  mixed,  or  not  compounded; 
in  which  sense  it  stands  o])pi»sed  10  compound.  'I1ie  elc- 
mefits  are  simple , bodies,  from  the  composition  of  which 
there  n'sult  all  sons  of  mixed  bodies.  # 

SiMPL'C  Etjmiiion.,  Fracrioa,  and  Sord,  See  tlie  sub- 
stantives. 

SiMPLK  dttaati/iW,  in  Algebra,  are  those  that  consist 
of  one  term  only;  as  o,  or  — 06,  or  $a^:  in  opposition 
to  compmiml  quantities,  which  consist  of  two  or  mure 
tt-rms ; Rs  fl  -e  6,  or  a -4-  24  •-  'lac. 

SiMPLC'HaaF,  and  TenaUU,  in  Fofttbeation.  See  the 
sulwtMntives. 

Simple  MacUint^  Motion,  Ptndmlum,  and  Wkftl,  in 
Mechanics.  4iec  the  sub^ntives.  The  simplest  machines 
arc  always  the  most  esteemed.  And  in  geometry,  the  most 
simple  demonstrations  are  the  best. 

SiMPLP.  /Vo4/em,  in  Mathematics.  Sec  Linear 
iVoA/ew. 

Simple  Vuion,  in  Optics.  See  VrtiOR. 

SIMPSON  (Thoma«),  f.r-9.  a very  eminent  maihc- 
matinan,  and  professor  of  mathematics  in  the  Royal  Mi- 
litaiy  Academy,  at  Woolwich,  was  born  at  Alurket  Bus- 
worth.  in  the  county  oi  Leicester,  the  20th  of  August  1710. 
Ills  father  was  a stuff  wemer  in  that  town;  and  though  in 
^olerable  circumstances,  yet,  intending  to  bring  up  his  son 
rh(»mas  to  bis  own  business,  he  took  so  little  care  of  his 
education,  that  he  was  only  taught  to  read  English.  But 


nature  had  furnished  him  with  t.'ileoti  and  a genius  for  tar 
other  .pursuits;  which  led  him  afterwards  to  the  highest 
rank  in  the  imsthematicHl  and  philosophical  sciences. 

\ using  Sinipsui)  very' soop  gave  indication^  of  his  turn 
for  study  in  general,  by  ea;>,iTly  reading  all  books  he  could 
meet  with,  teaching  himself  to  write,  and  embracing  every 
opportunity  he  could  find  of  deriving  knowledge  from  other 
persons.  His  father  observing  him  thus  (n  neglect  bis  bu- 
siness, by  spending  bis  time  in  reading  what  he  thought 
useless  books,  and  following  other  siuiilar  pursuits,  utbd 
all  his  rndcavouni  to  check  such  procardings,  and  to  in- 
duce bim  10  follow  hiaprufbtsion  with  stiadmcss  and  better 
effect.  And  after  many  struggles  for  this  purpose,  the  dif- 
ferences thus  profluced  betw^n  them  at  length  rose  to  such 
a height,  that  our  author  quitted  his  father’s  house  en- 
tirely. 

On  this  occasion  he  repaired  to  Nuneaton,  a town  at  a 
small  distance  from  Bosworib,  where  be  went  to  lodge  at 
the  house  of  a tailor’s  widow,  of  the  name  ofSwinfldd, 
who  bad  been  K ft  with  two  cbildit'n,  a daughter  and  a 
son,  by  her  husband, of  whom  the  son,  who  was  the  younger, 
being  but  about  twoycarsoider  than  Simpson,  had  becoroe 
his  intimate  friend  and  companion.  And  here  he  continued 
some  time,  working  at  his  trade,  and  improving  his  kt>ow- 
ledge  by  reading  such  books  as  be  could  procure. 

Among  several  other  circumstancea  which,  long  before 
this,  gavtf  occasion  to  show  our  author’s  early  tbirst  fur 
knowlod;:c,  as  well  as  proving  a fresh  incitement  to  acquire 
it,  was  that  of  a large  solar  eclipse^  which  took  place  on 
tbc  1 lib  day  of  May,  1724.  This  phenomenon,  so  awful 
to  many  who  are  ignorant  of  the  cause  of  it,  struck  the 
mind  of  young  Simpson  with  a strong  curiosity  to  discover 
the  reason  of  it,  and  to 'be  able  to  predict  ibe  like  sur- 
prising events.  It  was  however  several  years  before  he 
could  obtain  his  desire,  which  9t  length  was  gratified  by 
the  following  accident.  After  he  had  been  some  time  at 
Mrs.  bwinheld  s,  at  Nuru'aton,  a travelling  pedlar  came 
that  way,  and  took  a lodging  at  the  Mine  house,  accord- 
ing to  his  usu.1l  custaro.  This  man,  to  fiis  profession  of 
an  itinerant  nuTchunt,  had  joined  the  more  profitable  one 
of  a fortune-teller,  which  he  performed  by  mcMis  of  jodi- 
ctal  astrology.  Kvery  one  knows  with  what  regard  persons 
of  such  a cast  are  treated  by  the  inhabitants  of  country 
villages;  it  cannot  be  surprising  therefore  that  an  untu- 
tored lad  of  19  should  look  u|>on  this  maa  as  a prodigy^ 
and,  regarding  him  in  this  light,  should  eiideavoiir  to  in- 
gratiate himself  into  his  favour;  in  which  he  succeeded  so  ^ 
well,  thkt  the  sogi*  was  no  less  taken  with  the  quick  natural 
parts  and  genius  of  his  new  acquaintniicc.  The  pedlar, 
intending  a journey  to  Bristol  fair,  kit  in  the  hands  of 
young  Simpson  an  old  edition  of  Cucker’s^Anthmriic,  to 
which  wiis  subjoined  a short  Appendix  on  Algebsa,  and 
a book  upon  Genitures,  by  Partridge  the  almanac-maker. 
These  books  be  bad  perRsed  to  sugoo<l  purpose,  during 
tbe  absence  of  bis  friend,  as  to  excite  his  amaaemcnt  upon 
his  return  ; in  conscqucpce  of  which  he  set  himself  about 
erecting  a genethliacal  hgure,  in  order  to  a presage  pf 
Thomas’s  future  fortune. 

This  position  of  the  heavens  having  been  maturely  con- 
sidered secundum  arlem,  the  wizuni,  w ith  great  conti^ncr, 
pronounced,  that,  **  within  two  ycar^  time  Simpson  would 
turn  out  a greater  man  than  himself!” 

• In  fact,  nur  author  protUed  so  well  by  tbc  encourage- 
ment ai^lassisCance  of  the  pt'tllar,  aUbrded  him  from  time 
to  tiflke^cDbe  occasionally  came  to  Nuneaton,  that,  by 
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the  advice  of  his  frirnd,  be  at  length  made  an  open  pro- 
fession of  casting  naliviiies  hiinx'lf;  from  whichf  together 
Mritb  teaching  nn  evening  school,  he  deriveii  a pretty  pitr 
tance,  so  ih^i  he  greatly  mgle^ctod  his  weaving,  to  vsbich 
indeed  be  hud  never  nmnifesled  any  great.attachmcnt,  and 
soon  became  (he  urucle  of  Nuneaton,  Bosworth,  and  the 
environs.  Scarce  a courtship  advanced  to  a match,  or  a 
bargain  to  a sale,  without  pnrviously  consulting  the  infal- 
lible Simpson  about  the  cunsequencts.  But  as  to  helping 
p«9*ple  to  stolen  goods,  be  always  declared  that  above  his 
skill ; and  over  life  aod  death  be  declared  he  bad  no  power : 
all  those  called  lawful  questions  be  readily  resolved*  pro- 
vided the  iH'r»ons  were  certain  us  to  the  horary  data  of  the 
horoscope  : and,  he  has  often  declared,  with  such  success, 
that  if  from  very  cogent  reasons  he  had  not  been  thoroughly 
convinced  of  the  vuin  foundation  and  fMllaciousness  of  bis 
art,  be  never  should  have  dropt  it*  as  he  afterwards  found 
himself  in  conscience  bound  to  do. 

About  this  lime  he  married  the  widow  SwinBeld,  in 
whose  house  be  lodged,  though  she  wus  then  almost  old 
enough  to  be  his  grandmother,  being  upwards  of  fifty  years 
of  age.  After  this  the  family  lived  comfortably  enough  to- 
gether for  some  short  time,  bimpsou  occasionally  working 
at  bis  business  of  u weaver  in  the  duy>time:  and  teaching 
an  evening  school  or  telling  fortunes  at  night;  the  family 
being  also  further  assisted  by  the  labours  of  young  Swin- 
ficld,  who  had  been  brought  up  in  the  profession  of  bis 
father. 

But  this  tranquillity  was  soon  interrupted,  and  our 
author  driven  at  once  from  his  home  and  the  profession  of 
astrology,  by  the  lollowing  accident.  A young  woman  in 
the  neighbourlinod  hgd  long  wished  to  hear  or  know  some- 
thing of  her  lover,  who  had  been  gone  to  sea ; bot  Simp- 
son had  pul  her  otf  from  time  to  time,  till  the  girl  grew  at 
last  so  importunate,  that  he  could  deny  her  no  longer. 
He  asked  her  if  she  would  he  afraid  if  he  should  raise  the 
devil,  thinking  to  (kUT  her  i but  she  declared  she  feared 
neither  ghost  nor  devil : so  Ik*  was  obliged  to  comply. 
The  scene  of  action  pitched  on  was  a barn,  and  young 
Swinfivld  was  to  act  the  devil  ur  ghost;  who  being  con- 
cealed under  some  straw  in  a corner  of  the  barn,  was,  at 
a signal  given,  to  rise  slowly  out  fit>m  among  the  straw, 
with  bis  face  marked  so  that  the  girl  might  not  know  him. 
Every  thing  being  in  order,  the  girl  came  at  the  time  ap- 
pointed ; when  Simpson,  after  cautioning  her  not  to  be 
afraid,  began  muttering  some  mystical  words,  and  chalk- 
ing round  about  them,  till,  on  the  signal  given,  up  rises 
the  tailor  slow  and  solemn,  to  ihe  great  terror  of  the  poor 
girl,  who,  before  she  had  se*en  hall  bis  shoulders,  fell  into 
violent  bis,  crying  out,  it  whs  the  very  irtiagcaof  her  lover ; 
and  the  effect  upon  her  was  so  dn*adful,  that  it  was  thought 
cither  death  or  madness  must  be  ibe  consequence.  So  that 
poor  Simpson  was  obliged  immediately  to  abandon  at  once 
both  his  Inime  and  the  profession  of  a conjuror. 

Un  this  occasion  it  would  seem  he  Aed  to  Derby,  where 
he  remained  about  two  or  three  years,  viz,  from  1733  till 
1735  or  1736;  instructing  pupils  in  an  evening  school, 
and  woiking  at  his  trade  by  day. 

It  would  veem  that  Simpaonhad  an  early  (urn  for  versi- 
fying, both  from  the  circumstance  of  a song  written  here 
in  favour  of  the  Cavendish  family,  nn  occasion  of  the  par- 
liamentary election  at  that  place,  in  the  year  1733;  and 
from  his  first  two  mathematical  questions  that  were  pub- 
lished in  the  Ladies  Diary,  which  were  both  a set  of 
vexsesjixot  ill  written  for  the  occasion.  These  were  printed 


in  the  Diary  for  1735,  and  therefore  must  at  latest  have 
been  written  in  the  year  1735.  I'hese  (wo  questions,  bring 
at  that  time  pretty  diAicult  uous^how  the  gn*at  progress 
he  had  even  then  made  in  the  mathematics;  and  from  an 
expression  in  the  first  of  them,  viz,  w here  be  nirniions  bis 
residence  as  being  in  latitude  52”,  it  appears  be  was  not 
then  come  up  to  London,  though  be  must  have  done  so 
very  soon  after. 

Togiibcr  with  his  astrology,  be  had  soon  furnished 
himself  with  arithmetic,  algebra,  and  geometry  sufficient 
to  be  qualified  for  looking  into  the  Ladies  Diary  (of  w hich 
he  bad  afterwards  for  several  years  the  direction),  by 
which  be  came  to  understand  that  there  was  a still  higher 
branch  of  the  mathematical  knowledge  than  any  he  bad 
yet  been  acquainted  viitl) ; and  this  was  the  method  of 
Fluxions.  But  our  young  analyst  was  quite  at  a i«>ssa(o 
discover  •ny  KiiglUh  author  who  had  written  on  the  sub- 
ject, except  Mr.  Hayes ; and  bis  work  being  a lolio,  and 
then  pretty  scarce,  exceeded  his  abdity  of  purchasing: 
however  an  acquaintance  lent  hi  n Mr.  Sttiiu’s  Fluxions, 
which  is  a translation  of  the  Marquis  de  I’Mospital's  Ana- 
lyse des  Inhnimcns  Petits : by  this  one  bot*k,  and  his  own 
penetrating  talents,  he  was,  as  we  shall  see  presently,  en- 
abled in  a very  few  years  to  compose  a much  more  accu- 
rate treatise  on  this  subject  than  any  (hut  bad  bdore  ap- 
peared in  our  language. 

After  be  bad  quitted  astrology  and  its  omoluaents,  be 
was  driven  to  hardships  for  the  suhsisteace  of  his  family, 
while  at  Derby,  notwithstanding  his  other  industrious  en- 
deavours in  his  own  trade  by  day,  and  teaching  pupils  at 
evenings.  This  determined  him  to  repair  to  London, 
which  be  did  in  1735  or  1735. 

On  bis  first  coming  to  London,  Mr.  Simpson  wrought 
for  some  time  at  his  business  in  Spitaifields,  and  (aught 
mathematics  at  evenings,  or  any  spare  hours.  His  indus- 
try turned  to  so  good  account,  that  he  returned  down  into 
the  country,  and  brought  up  his  wife  and  thri<;  children, 
she  having  produceil  her  first  child  to  him  in  his  absence. 
Tbenuml^rof  his  scholars  increasing,  and  his  abilities 
becoming  in  some  measure  known  to  the  public,  he  was 
encouraged  to  make  pro|>osals  for  publishing  by  subscrip- 
t>un»  “ A new  Taalise  of  Fluxions:  wherein  the  Direct 
and  Inverse  Methods  are  demonstrated  after  a new,  clear, 
and  concise  Manner,  with  their  Application  to  Physics 
and  Astronomy:  also  the -Doctrine  of  Infinite  ^ries 
and  Reverting  iieries  universally,  are  amply  exploincd. 
Fluxionary  nnd  Exponential  Equations  solved : together 
with  a variety  of  new  and  curious  Problems." 

.The  book  was  published  in  4lo,  in  the  year  1737, 
though  tlic  author  had  been  frequently  interrupted  from 
furnishing  the  press  so  fast  as  he  could  have  wished, 
through  bis  unavoidable  atte^on  to  tm  giupils  fur  his 
' immediate  support.  The  principles  of  fluxions  titrated  of 
in  this  work,  arc  demonstrated  in  a method  accurately 
true  and  genuine,  not  diffi^rcnt  from  that  of  their  great 
inventor,  being  entirely  expounded  by  finite  quantities. 

In  1740,  Mr.  iisinpson  published  a Trc^atisc  ou  1'he 
Nature  and  Uiws  of  Chance,  in  4to.  To  which  are  an- 
nexed, Full  and  clear  Investigations  of  two.  important 
Problems  added  in  the  Sd  ediiioo  of  Demoivre’t 
Book  on  Chances,  as  also  two  New  Methods  for  the 
Summation  of  Series. 

Our  author’s  next  publication  was  a 4to  volume  of 
Essays  on  several  curious  and  interesting  Subjects  in  Spe- 
culative and  Mixed  Mathematics;  printed  in  the  same 
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jmr  1740.  Soon  after  the  publication  of  tbi»  book,  he 
was  chost'i)  a number  of  the  Royal  Academy  at  Stockhulra. 

Our  author’s  next  work  WHi,  The  llocirine  of  Annui* 
tics  Reversions,  deduced  from  general  and  evident 
Principles:  with  useful  1’ables,  showing  the  Values  of 
Single  and  Joint  Lives,  Ate,  in  bvo,  1742.  This  was  fol- 
lowed, in  1743,  by  an  Appendix  containing  some  Remarks 
on  a lute  book  on  the  same  Subject  (by  Mr.  Abr.  De- 
moivre,  r.  a.  s.)  with  Answers  to  some  personal  and  ma- 
lignant Representations  in  the  Preface  thereof.  To  this 
answer  Mr.  Dcminvre  never  ihooghl  lit  to  reply.  A new 
edition  of  this  work  has  Inlcly  been  published,  HUgraented 
with  the  tract  on  the  same  subject  that  was  printed  in  our 
author’s  Select  Exerciser. 

In  1743  also  was  published  his  Mathematical  Dtsierta- 
tions  on  a variety  of  Physical  and  Analytical  Subjects,  in 
4to;  containing,  among  other  particulars, 

A Demonstruiion  of  the  true  Figure  which  the  Earth, 
or  any  Planet,  must  acquire  from  its  Rotation  about  an 
Axis.  A general  Investigation  of  tbc  Attraction  at  tbo 
Surfaces  of  B<Kli«-s nearly  spherical.  A Determination  of 
the  Meridional  Parts,  a.td  the  Lengths  of  the  several  De- 
grees of  the  Meridian,  according  to  the  true  Figure  of  the 
Earth.  An  Investigation  of  the  Height  of  tbc  Tides  in 
the,  Ocean.  A new  Theory  of  Astronomical  Refractions, 
with  exact  Tables  deduced  from  the  same.  A new  and 
very  exact  Method  for  approximating  the  Roots  of  Fqua- 
lions  in  Numbers;  which  quintuplestbe  Nuiulu  r of  Places 
ut  each  Operaiioii.  5?everrtl  new  Methutis  for  llie  .Suni- 
malion  of  Series.  Some  now  and  very  useful  Improve- 
raenls  in  the  Inverse  Method  of  Fluxions.  The  work 
being  (kdiculed  to  Marlin  Folkes,  esq.  piwidoni  of  the 
Royal  Society. 

ills  next  book  was  A Treatise  of  Algebra,  wherein  the 
fundamental  Principles  arc  dcmonatrati  d,  and  applied  to 
the  Solution  of  a Variety  of  Problems.  I'o  which  he 
added,  The  Construction  of  a great  Nunvber  of  Geome- 
trical Proliltms,  with  the  Method  of  resolving  them  nu- 
merically. 

This  work,  which  was  designed  for  the  use  of  young 
beginners,  was  printed  in  Kvo,  1745.  A new  editiuu  ap- 
p^'urod  in  1735,  with  additions  and  improvt'ments ; among 
which  was  a nevv  and  general  method  of  resolving  all  bi- 
quadratic equations,  that  ah*  complute,  or  having  all 
their  terms.  The  work  has  gone  through  several  other 
editions  since  that  time:  ihc.bth,  or  lost,  was  in  1790. 

His  next  work  was,  “ fcdcmenlsof  Geometry,  with  their 
Application  to  the  Mensuration  of  Superficies  and  Solids, 
to  the  Determination  of  Maxima  and  Minima,  and  to  the 
Construction  of  a great  Variety  of  geometrical  Problems:'' 
first  published  in  1747*  in  Avu.  And  a socond  edition  of 
tbc  same  came  out  in  1760,  with  great  alterations  and 
additions,  being  in  a manner  a new  work,  designed 
for  yoong  beginners,  particularly  for  the  gentlemen  edu- 
cated at  the  Royal  Military  Academy  at  Woolwich,  and 
other  fxiilioos  have  appeared-since. 

Mr.  Siinp^n  met  with  some  trouble  and  vexation  in 
consequence  of  the  first  edition  of  bis  Geometry.  Krrst, 
from  some  rtfiexions  made  upon  it,  as  to  the  accuracy  of 
certain  |>art»  of  it,  by  Dr.  Robert  Simson,  tbc  learned 
profesaor  of  mathematics  in  the  university  of  Glasgow,  in 
the  notes  subjoined  to  bis  edition  of  Euclid’s  Elements.. 
This  brought  an  answer  to  those  remarks  from  Mr.  Simp- 
sou,  in  iIm  Doles  added  to  the  2d  edition  as  above ; to 
some  parts  of  which  Dr.  Simson  again  replied  in  his  potea 
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on  the  ndxt  edition  of  the  said  Fletni  ntH  of  Euclid.— 
I'he  second  uas  by  an  illiberut  charge  of  having  »tolen 
his  Elemi'iiis  from  Mr.  Muller,  the  professor  of  fortitica- 
tiim  ttCd  artillery  at  the  Siitne  aru<A;my  at  Woolwich, 
where  our  author  was  prottssor  of  geometry  anrl  oiatlu^ 
inatics.  Ibis  charge.was^  made  at  ihe  end  of  ihc  preface 
to  Mr.  Muller's  Klcmcnts  of  Maihcmaiics,  io  two  vo- 
lumes, printed  in  174A;  which  was  fully  nFulcdhy  Mr. 
Simi»on  in  the  preface  to  the  2d  edition  of  his  Geometry. 

In  1748  came  out  Mr.  Simpson's  Trigononuiry,  Hlaue 
end  Spherical,  with  the  Construction  and  Application  of 
Logarithms,  gvo.  This  little  book  contains  several  things 
new  and  useful. 

in  1750  came  out,  in  two  volumes,  8vo.  The  Doctrine 
and  Application  of  Fluxions,  containing,  besides  whut  it 
common  on  the  Subject,  a Number  of  new  Improvements 
in  the  Theory,  and  U>e  Solution  of  a Variety  of  new  and 
very  ioteresiing  Problems  in  different  Branches  <if  the 
Mathematics.— In  the  preface  the  author  olferx  this  to  the 
world  at  a new  book,  rather  than  a second  editioQ  of  that 
which  was  published  in  1737,  in  idhich  Beidtuoiiledges, 
that,  besides  errors  of  the  press,  there  Mwserand  obscuri- 
ties and  defects,  for  want  of  experience,  ar^d  the  mkny  dis- 
advantages be  tbeniaboured  under,  in  his  first  sully. 

The  idea  aad'cxplafiation  here  given  of  tbc  first  prijici- 
pies  of  Hoxfons,  arc  not  essentially  differeot  from  what 
they  are  in  bis  former  treatise,  though  expressed  in  other 
terms.  'Dio  consideration  of  time  iutroduced  into  the 
general  definition,  will,  be  suys,  perhaps  be  disliked  by 
those  who  would  have  fluxions  to  be  mere  wlcKiiies : but 
the  advantage  of  considering  them  otherwin’,  viz,  not  as 
tbc  velocities  themselves,  but  as  magnitudes  they  would 
uniformly  generate  in  a given  time,  appears  to  obviate  any 
objcciioD  on  that  head.  By  taking  fluxions  as  mere  ve- 
locilit's,  the  imagination  is  confined  as  it  were  to  a point, 
and  without  proper  care  insensibly  involved  in  metaphy- 
sical difficulties.  But  according  to  this  other  mode  of 
explaining  tbc  matter,  less  caution  in  the  learner  is  ne- 
cesaary,  and  the  higher  orders  of  fluxions  arc  rendered 
much  more  easy  and  inteliigibh'?  Besides,  though  sir 
Isaac  Newton  defines  fluxions  to  be  the  velocities  of  mo- 
tions, yet  he  has  recourse  to  the  incremonta  or  moments 
generated  in  equal  particles  uf  time,  in  older  to  determine 
those  velocities;  which  he  afterwards  leaches  to  expound 
by  finite  magnitudes  of  other  ktoils.  This  work  was  dedi- 
cated toGeor^  earl  of  Macclesfield. 

In  1752  appeared,  in  8vo,  the  Select  Exercises  for 
young  Proficients  in  the  Matbeniatics.  This  mat  volume 
contains,  A great  Variety  of  algebraical  Problems,  with 
their  Solutions..  A select  Number  of  Geometrical  Pro- 
blems, with  their  Solutions,  both  algebraical  and  geometri- 
cal. ThcTbeory  ofGunnery,  independent  of  the  Conic  Sec- 
tions. A new  and  tety  comprefiemive  Method  for  firkfing 
the  Roots  of  Equations  in  Numbers.  A short  Account 
of  tbc  fint  Principles  of  Fluxions.  Also  the  Valuation  of 
Annaities  for  single*  and  joint  Lives,  with  a Set  uf  new 
Tables,  far  more  extensive  than  any  extant.  This  last 
part  was  designed  as  a supplement  to  bis  Duclriru*’of  An-  ‘ 
nuilics  and  Reversions;  but  being  thought  too  small  to 
be  published  alone,  it  was  inserted  here  at  the  end  of  iho 
.Select  Exercises ; from  which  however  it  has  been  re- 
mwved  in  the  last  edilions,  and  referre<l  to  its  proper  place, 
tbeandof  the  annuities,  as  before  mentioned.  The  ex- 
amploa  that  are  given  to  each  probK-ni  in  this  lost  piece, 
are  OMording  to  the  London  bills  of  mortality  ; but  the 
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fcolulions  arc  general,  and.nMy  iH;  applied  witli't'qual  fa- 
cilily  and  advantage  to  any  other  table  of  ob^ervalionK. 

Wr.  Simpson**  Miscellaneous  Tract*,  printed  in  4to, 
1757,  were  bis  last^vgary  to  the  public : u most  valuable 
ber^ut'st,  whether  we  consider  the  dignity  and  importance 
of  the  subjects,  or  his  sublime  t^nd  accurate  manner 
of  treating  them.  The  first  of  these  papers  i*  concerned 
in  determiuing  the  Precession  of  the  Kquinox,  and  the 
dilferciit  Motions  of  the  I'^rth's  Axis,  arising  from  ibc 
Attraction  of  the  Sun  and  Moon.  It  wns  draw  n up  about 
the  year  1752,  in  conset^ucnce  of  another  on  the  tame 
subject, 'by  M.  de  Sylvalx'llc,  a French  mathematicinn. 
Tl^ough  this  genllnnan  had  gone  through  one  part  of  the 
subject  with  success  and  perspicuity,  and  hi*  conclusions 
were  perfectly  conformahlc  to  Dr.  Bradley  s observations ; 
it  nevertheless  ap{>carcd  to  Mr.  Simpson,  thnl  lie  had 
greatly  failed  in  a very  raatcrial  part,  and  that  indeed  the 
only  \cry  difticuit  one;  that  is,  in  the  determination  of . 
the  momentary  alienition  of  the  position  of  ibt  eanirs 
axis,  causeii  by  the  forces  of  the  sun  and  moon  ; ui  which 
forces,  the  quuiiliuts,  hut  not  (hecllccEh,  aix*  truly  investi- 
gated. The  second  paper  contains  the  lnvt^np:iUon  of  a 
very  exact  Method  or  Uule  fur  finding  the  PUtce  of  n 
Plant  t in  its  Orbit,  from  % Correction  tif  Bislmp  Ward's 
circular  IIy|>othesis,  by  Means  of  certain  Kqoauons  bp- 
plied  to  the  Motion  about  the  up|>cr  Focus  of  the  Ellipse. 
By  this  Method  the  Result,  even  m the  Orbit  <it‘  Mercury, 
may  be  found  within  a becond  of  the  Truth,  and 
that  witliout  repeating  the  Operation,  'llic  third  shows 
the  Manner  of  transferring  the  Motion  (»f  a Comet  from  a 
parabolic  Orbit,  to  an  elliptic  one;  being  of  great  Use, 
when  the  obsetved  Places  of  a new  Comet  arc  found  to 
difler  sensibly  from  those  computed  on  the  Hy|x)thci>is  of 
a parabolic  Orbit.  The  fourth  i&  an  Attempt  to  show, 
from  mathematical  Principles  the  Advantage  arising  from 
taking  the  Mean  of  a Number  of  Observations,  in  prac- 
tical Astronomy  ; wherein  the  Odds  that  the  Result  in  this 
Way,  is  more  exact  than  from  one  single  Obser\*nlion,  is 
evinced,  and  the  Utility  of  the  Metbad  in  Practice  dearly 
made  appear.  The  mlh  contains  the  Determination  of 
certain  Fluents,  and  the  Resolution'  of  some  scry  useful 
Equations,  in  the  higher  Orders  of  Fluxions,  by  Means 
of  the  Measures  of  Angles  and  Rutios,  and  the  right  and 
versed  Sines  of  circular  Arcs.  I'hc  fith  treats  of  the  Re- 
solution of  Rlgcbraical  Equations,  by  the  .Method  of  Surd- 
divisors;  ill  which  the  Grounds  of  that  Method,  as  laid 
down  by  Sir  Isaac  Newton,  are  inv(*stigated*and  explained. 
The  7th  exhibits  the  Invi  vtigatiim  of  a general  Rule  for 
the  Resolution  of  Isoperimetrical  Problems  of  all  Orders, 
with  some  KxumpUs  of  the  Use  and  Application  of  the 
said  Rule.  The  8th,  nr  last  part,  comprt  bonds  the  Reso* 
lulion  ’of  some  general  ^nd  very  important  Problems  in 
Mechanics  and  PhysicaP Astronomy^  in  which,  among 
other  Things,  the  principal  Parts  of  the  3d  and  9th  Sec- 
tions of  the  first  Book  oi  Newton's  Principia  arc  demon- 
strated in  a new  and  concivc  Manner.  But  what  may 
perhaps  best  recommend  this  excellent  tract,  isTbc  appU- 
catioit  of  the  general  equations,  thus  derived,  to  the  de- 
termination of  the  Lunar  Orbit. 

According  to  what  Mr.  Simpson  had  intimated  at  the 
conclusion  of  his  Doctrine  of  Fluxions,  the  greatest  part 
of  this  arduous  undertaking  was  drawn  up  in  the  year 
1750.  About  that  time  M.  Clairaut,  a very  eminent  mn- 
thfmaticinn  of  the  French  Academy,  had  started  an  ob* 
jiUioij  agttiost  Newton's  general  law  of  gravitation.  This 


was  a motive  to  induce  Mr.  Simpson,  among  some  otWrs, 
to  endeavour  to  di<^cover  wheiherthe  motion  of  the  moon's* 
apogee,  on  which  that  ohjcclmn  had  its  whole  weight  and 
foundation,  could  not  bo  truly  accounted  for,  without 
supposing  n «*hangc  in  the  received  law  of  gravitnlioii, 
from  the  inverse  ratio  of  the  squares  of  ihe  distance?.. 
The  success  an.*wurrd1)ls  hoj>cs,  and  induced  him  ta  look 
farther  into  other  parts  of  ihe  thvory  of  the  nioon's  mo- 
liuii,  than  hr  had  at  first  intended  : but  before  liO  had 
completed  his  design,  M.  Clairaut  arrived  in  Kngluini, 
and  paid  Mr.  Simpson  a visit ; from  whom  he  learnt,  thiii 
he  liad  a little  before  printed  a piece  on  that  subject,  u 
copy  of  whicli  Mr.  Simpson  afterwards  received  ns  a pre- 
sent. and  found  in  it  the  same  things  demonstrated,  to 
whicli  he  liimself  had  directed  his  enquiry,  besides 
vcral  others. 

The  facility  of  the  melhoil  Mr.  Simpson  fell  upon, 
and  the  e.\lensivene*i  of  it,  will  in  some  mca'^ure  appear 
from  this,  that  it  not  only  determines  the  motion  of  the 
a|H)gee,  in  the  same  manner,  and  with  the  snmeeu'e,  as  the 
other  equations,  but  utterly  excludes  all  that  dangerous 
kind  of  term,  that  had  embunussed  the  greatest  matin*- 
maticians,  and  would,  after  a great  nuialierof  revolutions, 
entirely  change  the  figure  of  the  moon's  orbit:  whence 
, this  imjmrtunt  consequence  is  derived,  that  flic  muon'* 
mean  motion,  and  the  greatest  quantities  of  ilie  several 
equations,  will  ri’main  unchanged,  unless  disiui  hrd  by  the 
intervention  of  some  foreign  r>r  occidental  cauw. 

Ih-sules  the  foregoing,  which  are  the  whole  of  the  regu- 
lar books  or  ireiiliseB  that  were  published  by  Mr.  Simp- 
son, Ix'  wrote  and  composed  several  other  papers  and  fu- 
gitive pieces,  as  fulluw : 

Several  pajiers  of  his  weic  read  nt  the  meetings  of  the 
Royal  Society,  and  printed  in  tlieir  Transhctioii* ; but  a* 
must,  if  Hilt  all  of  them,  were  afterward*  micrtcH.  with 
alterations  or  additions,  m hi*  printe^l  volumes,  it  is  need- 
less to  take  any  lartlu-r  notice  of  tiiein  here. 

lie  propos4‘(i,  and  resolved  many  qucMiun*  in  the  La- 
dies Diaries,  Ac;  sometime*  under  his  own  name,  as  in 
the  years  J/35  and  1736';  and  someiinics  under  fei::n«il 
or  ficliliou.*  namr* ; Midi  it  is  thought,  lluclothrum- 
bo,  Kiiljemrto,  Patrick  O'Caveimh,  Marmaduke  Hodg- 
son, Anthony  bhalUiw,  Fsq.  and  probably  several  others; 
see  the  Dianes  for  the  yeai-s  1735,  1730,  42,  43,  53,  54, 
55,  56,  57,  58,  6.9,  and  60.  Mr.  Simpson  was  also  the 
editor  or  compiler  of  the  Diaries  from  the  ymr  1754  till 
the  year  I760,  both  inclusive,  during  which  time  he  raised 
that  work  to  the  highest  degree  of  re*prcf.  He  was  suc- 
ceeded in  the  editorship  by  Mr.  Kdw.  Ilollinson,  who  con- 
tinued fill  Ids  death  in  the  year  1775-  ^ce  iny  Diarian 
Miscellanys  vol.  3. 

It  has  also  been  commonly  supposed  that  he  wtis  the 
real  editor  of,  or  had  n principal  share  in,  two  other  pe- 
riodical works  of  a miscellaneous  mathematical  nature ; 
vis,  the  Mathematician,  and  Turner's  Malbmatical  Ex- 
ercises, two  volumes,  in  8vo.  which  came’ out  in  periodi- 
cal numbers,  in  the  year*  1750  and  1751,  &c.  Tlic  lat- 
ter of  these  acems  especially  to  have  been  act  on  foot  to 
afiford  a proper  place  for  exposing  the  errors  and  absurdi- 
ties of  Mr.  Robert  Heath,  the  then  conductor  df  the  La- 
dies Diary  and  Palladium  ; and  which  controversy  between 
them  ended  in  the  disgrace  of  Mr.  Heath,  and  cxoulsion 
from  his  office  of  editor  to  the  Laidies  Diary,  and  the  sub- 
stitution of  Mr.  Simpson  in  his  stead,  in  the  year  1753. 

In  the  year  1760,  when  the  plans  proposed  for  erect- 
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ing  a new  hji<ige  at  Blackfrian  were  in  agitation,  Mr. 
bimp&oii,  among  other,  gentlemen,  wiJi  coiisuited  on  the 
bc»l  furm  i'ur  the  arcbi'»,  by  the  Nevt^bridge  Committer. 
On  this  occasion  he  gave  u prvl'eteiice  to  tho  semicircular 
form ; und,  besides  bis  re]K>rt  to  (be  Cummittee,  some 
letters  also  appeared,  by  hmisvif  aiul  others,  on  the  same 
itubject,  in  tlie  public  newspapers,  particularly  in  the 
£)aily  Advertiser,  and  in  Lloyd’s  Lv^ing  I’ost.  The 
same  were  also  collected  in  ilie  Gentleman's  .Magaxiiio 
for  that  yeat,  page  li3  and  144. 

It  is  probable  ibat  tbia  reference  to  him,  gave  occasion 
to  the  turning  bis  thoughts  more  seriously  to^bis  subject, 
so  us  loi  form  the  design  of  composing  a regular  treatise 
upon  it : 1'oc  bis  faraily'havc  often  informed  me,  that  be 
laboured  bard  upon  this  work  for  some  time  before  his 
death,  and  was  very  anxious  to  have  completed  it,  fre- 
qticntly  remarking  to  them,  that  this  work,  when  publish- 
ed, would  procure  him  more  credit  than  any  of  hU  fonner 
publications.  But  he  lived  nut*to  put  the  bnivhing  band 
to  it.  Whatever  be  wrote  upon  this  subject,  probably 
fell,  together  with  all  his  other  remaining  pajK-rs,  into  the 
bands  of  Major  Henry  Watson,  of  the  engineers,  in  ibe 
service  of  the  India  Company,  being  in  all  a large  chest 
full  of  pa]Kr>.  'I  his  gentleman  bad  btx'n  a pupil  of  Mr. 
$im|isons,  and  bud  lo^cd  in  his  bouse.  After  Mr.  Simp- 
son’s death,  Mr.  Watson  prevailed  upon  the  widow  to  let 
him  have  the  papers,  promising  either  to  gi>e  her  a sum 
of  mura’y  lor  them,  or  else  to  print  and  publish  them  for 
hcf  benefit.  But  neither  of  these  was  ever  done;  this 
gentleman  always  declaring,  when  urged  on  this  point 
by  ni)H'lf  and  others,  that  no  use  could  he  made  of  any 
of  the  papers,  owing  to  the  very  imperfect  state  in  which 
lie  said  (hey  were  left.  And  yet  he  persisted  in  bis  ro 
fusal  to  give  them  up  again. 

From  Mr.  Simp>on’s  writings,  1 now  return  to  himself. 
Through  the  interest  and  sobcitations  of  William  Junes, 
Esi^.  he  was,  in  1/43,  appointed  professor  of  matliomu- 
ties,  then  vacant  by  the  death  of  Mr.  Derham,  m the 
Royal  Academy  at  Woolwich  ; bis  warrant  bearing  date 
August  25lh.  And  in  1745  be  was  admitted  a fellow  of 
the  floyal  Society,  having  been  proposed  as  a candidate 
by  Marlin  Fulkes,  esq.  president,  William  Jones,  esq. 
Mr.  George  Grolium,  and  Mr.  John  Machin,  secretary; 
all  very  eminent  inuthcmaticiuns.  The  president  and 
council,  in  cuusidcratiun  of  liis  very  moderate  circum- 
stances, were  pleased  to  excuse  his  admission  fees,  and 
likewise  his  giving  bond  for  the  seillcU  future  pay- 
ments. . 

At  the  academy  he  exerted  his  faculties  (u  the  utmost, 
in  instructing  the  pupils  who  were  the  immediate  objects 
of  his  duty,  as  well  as  others,  whom  the  superior  olTiccrs 
of  the  ocdnance  permitted  to  be  boarded  and  lodged  in  his 
bouse.  In  his  maimer  of  teaching,  he  bad  a peculiar  and 
happy  address ; a certain  dignity  and  perspicuity,  tem- 
pered will)  such  a degree  of  mildness,  as  engaged  both  tbc 
attention,  esteem,  and  friendship  of  his  scholars;  of  which 
the  good  of  the  service,  as  well  as  of  the  community,  was 
a necessary  consequence. 

In  tho  latter  of  stage  of  his  existence,  when  his  life  was 
in  danger,  exercise  and  a proper  regimen  were  prrscrilH:d 
him,  but  to  Utile  purpose ; for  he  sank  gradually  into 
such  a lowness  of  spirits,  as  often  in  a manner*  deprived 
him  of  his  mental  faculties,  and  at  last  rendered  him  in- 
capable of  performing  his  iluly,  or  even  of  n^ding  the 
letters  of  his  friends ; and  so  triHiiig  an  accident  as  the 


dropping  of  a (ca-cup  would  Aurry-bini  as  much  ag  if  a 
bouM!  had  tumbled  down. 

'I'hc  physicians  advised  his  native  air  for  his  recovery  ; 
and  ill  February,  1761,  he  set  out,  with  much  reluctance 
(Ixjicving  he  shobld  never  return),  for  Bosworth,  along 
with  some  relations.  The  journey  fatrgped  him  to  such  a 
degree,  that  on  his  arrival  he  betook  iiimsclf  to  his  cham- 
ber, where  he  grew  continually  worse  ^id  Vorsc,  to  the 
day  of  his  death,  which  bapi^ened  the  14lh  of  May,  in 
the  hfty-drst  year  of  his  age. 

SIMSON  (Dr.  UoaeKT),  professor  of  mathematics  in 
tbc  university  of  Glasgow,  was  the  eldest  son  of  Mr.  John 
Simson,  of  Kirtonhall  in  Ayrshire^  and  was  born  on  the 
i 4lh  of  Oct.  1687.  Being  designed  by  his  father  for  the 
church,  after  having  got  the  usual  school  education,  he 
was  sent  to  the  university  of  Glasgow  about  the  year 
1701,  where  be  was  distinguished  by  bis  proficiency  in 
classical  learninif,  and  in  the  sciences.  At  this  time, 
from  temporary  circumst8UCi>s.  it  happened,  that  no  ma- 
thematical lectures  were  given  in  the  college;  but  young 
Simson's  inquisitive  mind,  from  some  fortunate  incident, 
having  bi'en  directed  to  geometry,  he  soon  found  the  study 
of  that  science  to  be  congenial  to  hU  tosto  and  capacity. 
This  taste  however,  from  an  apprehension  that  it  might 
ub-stnict  bis  application  to  subjects  more  c«nnected  with 
the  study  of  tlu-olog^',  was  anxiously  discouraged  by  his 
father,  tnuugh  it  would  seem  with  little  effect. 

Having  procurv*d  a copy  of  Euclid's  Elements,  with  the 
aid  only  of  a few  preliminary  explanations  from  some 
more  advanced  students,  be  entered  on  the  study  of  that 
oldest  and  best  introduction  to  mathematics.  In  a short 
time  he  read  and  understood  the  first  six,  with  (be  lltli 
and  12th  books,  and  afterwards  proaeding  still  farther 
in  his  mathematical  pursuits,  by  his  progress  in  the  morn 
difTicult  branches  ho  laid  the  foundation  of  his  future ' 
eminence.  He  did  not  however  neglect  the  otheracleuces 
then  taught  in  the  college;  but  in  pfocceding through  (bo 
regular  counie  of  academical  study,  he  acquired  the 
principles  of  that  variety  of  knowledge,  which  he  retained 
through  life,  and  which  contributed  much  to  tho  estima- 
tion of  his  conversation  and  mannera  in  society.  His 
chief  attention,  however,  was  directed  to  his  lavourito 
science;  so  that  bis  reputation  as  a matliematicrwii  in  a 
few  years  became  so  high,  and  his  general  character  so 
much  respected,  that  in  17 10,  when  he  was  only  22  years 
of  age,  the  members  of  the  college  voluntarily  made  him 
an  p&r  of  the  mathematical  chair,  in  which  a vacancy  la 
a short  tiroe  was  expected  to  take  a place.  From  his  na- 
tural modesty  however,  he  fell  much  reluctance,  at  so 
early  an  age,  to  advancaabruptly  from  the  state  of  a stu^ 
dent,  to  that  of  a professor  In  the  same  college ; and 
therefore  he  solicited  permission  to  spend  one  year  at 
least  in  London,  where,  besides  other  obvious  advantages, 
he  might  have  opportunities  of  becoming  acquainted  with 
some  of  (he  eminent  matbcinaiicians  of  Lngland,  who  were 
then  (bo  mo^t  distinguished  in  Euro|ic.  In  fhis  proper 
request  he  was  readily  indulged  ; and  without  delay  he 
proccedrd  to  London,  where  he  remnined  about  a year, 
dHigenlly  employed  in  tbc  improveirc-nt  of  his  maiiiema- 
tical  knowlctlgt'.  * 

This  journey  turned  out  veiy  favourable  lo  bis  views  ; 
and  he  had  much  wtisfactioii  in  the  acquaintance  of  some 
respectable  mathematicians,  particularly  of  Mr.  Jones, 
Mr.  Caawcll,  Dr.  Jurin,  and  Mr.  Ditton.  With  the  lattei, 
indeed,  who  was  (hen  niathcroaiical  master  of  ClpistS* 
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lIo«|)rUl,  *nd  well  estcrmcd  for  hi*  learning  Ac,  he  wa» 
more  particularly  c<mnecteil.  It  appears  trom  Mr.  S/* 
own  account^  in  bis  lellei',  dated  i^ndon,  Nos.  1710, 
chat  be  expected  lu  have  had  an  assistant  in  bis  studies 
ebosen  by  Mr.  Caswell ; but,  from  some  mistake,  it  was 
•niiutd,  and  Mr.  bimseif  applied  to  Mr.  Uittun.  He 
went  to  him  not  as  a sch<dar  (his  own  words),  but  to  have 
general  intorfnaltun  and  advice,  about  hts  muihernatical 
studies.  .Mr.  Cmwcll  afterwards  mentmned  (o  Mr.  5.  that 
he  meant  to  have  procured  Mr,  Jurtea's  assistance,  if  he 
had  not  been  enj;ug(-d. 

When  the  vacancy  in  the  professorship  of  mathematics 
•t  GlMgrtw  did  ocenr,  in  the  lollowirtg  vear,  by  the  resig- 
nation of  Ur.  UobiTi  Sinclair,  or  Sinclar  (a  descenduni  or 
olhar  relative  probably  of  Mr.  George  iifmclar,  who  djed 
in  that  office  m lh'96),  the  university,  while  Mr. bimson 
was  still  in  l^nduii,  appointed  him  to  fill  it;  and  the  mi- 
note  of  election,  which  is  dated  March  II,  1711,  con- 
eludi  d with  llm  very  pro|)er  condition.  That  they  will 
admit  the  said  Mr.  Hoberl  Sim>on,  providirig  alwi;ys,  that 
he  give  satisfactory  proof  of  hii  skill  in  mathematics, 
previoas  to  his  admission.”  He  ivlurnetl  to  Glasgow  be- 
fore the  eiisning  semton  of  the  college,  and  having  gone 
through  the  form  of  atrial,  by  resolving  a geometrical 
problem  propwaed  to  him,  and  also  by  giving  a satis- 
fbciory  specimen  of  his  skill  in  mathematics,  and  dex^ 
lenty  in  teaching  geometry  and  algebra having  pru- 
doced  also  irspectablc  certiAcate*  of  his  knowledge  of  the 
fcience,  from  Mr. Caswell  and  others,  he  was  duly  ad- 
mitted professor  of  mathematics,  on  the  20th  of  Novem- 
ber of  that  ytar. 

Mr.  bimson,  immediately  after  h«  admission,  entered 
on  the  duties  of  his  office,  and  hii  brst  occupation  neces- 
sarily was  the  arrangement  of  a proper  course  of  instruc- 
tion for  the  stndents  who  attendvd  his  lectures,  in  two 
distinct  .classes.  Accordingly  he  prqmred  cUiiieniary 
sketc)ics  of  some  braachi^  on  which  there  were  not  suit- 
able treaciaes  in  general  use.  Both  from  a^nve  of  duty 
and  from  rnclinaiion,  he  now  directed  the  whole  uf  his 
attention  to  the  study  of  mathematics ; and  though  he 
had  a decided  preference  for  geometry,  which  continued 
ihruugl)  life,  yet  he  did  tiut  devote  himai  lf  td  it  to  the 
exclusio'n  of  the  other  branches  of  mathematical  science, 
rn  most  of  which  there  is  sufficient  evidqice  of  his  being 
well  skilled.  From  1711,  he  continued  near  50  years 
fo  teach  mathematics  to  two  s<  parate  dv'^*  different 
hours,  five  days  in  the  week,  during  a continued  session 
of  seven  monlbs.  His  nranner  of  teaching  was  unrom- 
mooly  clear  and  successful;  and  tvmong  his  scholars, 
Vveral  rose  to  distinction  as  mathematicians;  among 
which  may  be  meniinned  the  ctdebrated  names  of  Ur. 
Matthew  Stewart,  professor*  of  mathematics  at  Kdin- 
bun{h  ; the  two  rev.  Ur.  Williamsops,  one  of  whom  suc- 
ceeded Dr.  Simson  at  Glasgow  ; the  rev.  Ur.  Trail,  for- 
merly pmf^sor  of  mathematics  at  Aberdeen;  Dr.  James 
Moor,  Greek  professor  at  Glasgow : and  professiir  Robi- 
son, of  Edinburgh,  with  many  others  of  distinguished 
merit.  In  the  year  1758,  Ur.  S,  being  then  7 1 years  of 
age,  found  it  necessary  to  employ  an  auistant  in  teach- 
ing; and  in  1761,  on  his  recommemlaiion,  the  rev.  Dr. 
Williamson  was  appointed  his  assistant  and  successor. 

During  the  remaining  ten  years  of  bis  life,  he  enjoyed 
a priMty  equal  share  of  good  health  ; and  continued  to 
occup)  bimself  in  correcting  and  arranging  somt  of  his 
maihcmatical  papers,  and  occasionally  for  amuiemeot, 


ill  the  soludon  of  problems,  and  demonsfration  of  theo- 
rems, which  occum'd  from  bis  own  siudit*s,  or  from  the 
susg«*stions  of  others.  His  coiiversalion  on  maihematicul 
and  other  subjtcrs  continued  to  be  clear  and  accurate; 
yet  he  hud  some  slfuiig  imptesainns  of  the  decline  of  his 
memory,  of  which  he  frequently  complained  ; and  this 
probably  protracted,  and  finally  prevented  bis  umler- 
taking  the  publication  rd'  some  of  bis  works,  which  were 
in  so  advanced  a state,  that  with  little  trouble  they  might 
have  been  completed  for  the  press.  So  that  his  only  pub^ 
lication,  after  rwi^ning  his  .office,  was  a new  and  im- 
proved edition  of  Kuclid’s  Data,  which  in  was  an- 
nexed to  the  2d  edition  of  the  thnienl*.  Rut  from 
that  period,  though  much  solicited  to  bring  forward 
some  of  hrs  other  works  on  the  ancient  gvonu  iry,  though 
he  knew  well  how  much  it  was  desireil,  am)  though  he 
was  fully  appii»4‘d  of  the  univema!  curiosity  excited 
resjK'ciing  his  discovery  9f  Euclid’s  Porisms,  be  n*sistud 
every  importunity  on  the  subject. 

A life  like  Dr.  Simson's,  pundy  academical  and  per- 
fectly uniform,  seldom  coniaius  w(x;urretici*s,  the  record- 
ing of  which  could  be  either  interesting  or  useful.  l)ut 
his  mathcmalical  labours  and  inveiiriuns  form  t.hc  impor- 
tant part  of  his  chameter  ; and  W'lih  respect  to  them, 
there  are  abundant  materials  of  information  in  his  print- 
ed works  ; and  some  circumstances  also  may  be  gathered 
from  a numb<*rof  M8.  papers  which  he  left;  and  which, 
by  the  direction  of  his  exi*cutor,  arc  d<*pt«siti‘d -in  the 
library  of  the  college  of  Ghisguw.  It  is  to  be  regretted, 
that,  of  the  extensive  correspondt'nce  which  he  carried  on 
through  life,  with  many  distinguished  mathematuiana,  a 
small  portion  only  is  preserved.  Through  Ur.  Jurin,  then, 
secretary  of  the  Royal  S<»ciety,  he  had  some  inicrcuur»c 
with  Ur.  Halley,  and  other  distinguished  members  uf 
that  Srrciety.  < Aml  both  about  the  vame  lime,  and  after- 
wards, he  had  frequent  correspondence  with  Mr. Mac- 
laurin,  with  Mr.  James  Stirling,  Dr.  James  Moor,  Dr. 
Matthew  Stewart,  Dr.  \Vm.  'I’rail,  and  .Mr.  Wdltamsoo 
of  Lisbon.  In  the  latter  (mrt  of  his  life,  his  mathematical 
correspondence  was  chiefly  with  that  eminent  geometer 
the  late  earl  Stanhope,  and  w-iih  George  L<nvis  Jfeolt,  esq. 

As  to  his  character,  Ur.  S.  was  originally  po6s<^‘>^ed  of 
great  intellectual  |>owrrs,  an  accunitc  and  diviinguisbing 
understanding,  an  inventivt*  genius,  and  a retentive  me- 
mory: and  these  powers,  la  iiig  excited  by  an  anfent  cu- 
riosity, pniduci'd  a singular  capacity  for  investigating 
the  inflhs  of  tnathemaltCHl  science.  By  such  talents, 
with  a correct  tastp,  formed  by  the  study  of  the  Greek 
geometei's,  he  was  also  peculiarly  qualitk-d  for  communi- 
catifig  his  knowledge,  both  in  his  lectures  and  in  his  wri- 
tings,with  perspicuity  and  elegniice.  Hr  was  at  the  same 
time, modest  and  unassuming;  and,  though  not  indidc- 
rent  to  literary  fame,  he  was  cautious,  and  even  ri*served, 
in  bringing  forward  his  own  discoveries,  but  aWays  ready 
to  do  justice  to  the  merits  and  inventions  of  others* 
Though  his  powers  investigation,  in  the  early  part  of 
life,  were  admirable,  yet  before  any  decline  of  bis  hcHlth 
appearetl,  he  felt  strong  impmsions  of  the  decay  both  of 
his  memory  and  other  faculties  ; occasiom  d probably  by 
the  continued  exertion  of  his  mind,  in  those  severe  stu- 
di(*s,  which  for  a number  of  years  be  pursued  with  unre- 
mitting ardour. 

Besides  his  mathematical  attainments,  from  his  liberal 
education  he  acquired  a considerable  knowledge  of- other 
sciences,  which  be  presenred  through  life,  by  occaaiosLal 
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rfAdinc,  and,  in  sotpe  d<^rcc,  by  his  constant  intcrcotirse 
with  mail)  Icartit'd  men  >n  b>s  college.  Ho  wai  ostcooicd 
a good  clavueat  scholar;  anti,  ihough  the  aimplicily  of 
gcumiirical  donionstration  m»t  admit  of  much  va* 

riety  of  stylo,  yet  in  hia  works  a gimd  taste  in  that  re- 
spect may  he  distingui^hod.  in  kia  Latin  preiaces  also, 
in  which  there  is  some  history  and  discussion,  the  purity 
of  lansuage  has  Uen  goneraiiy  approved.  It  is  to  be  re- 
gretttHi,  indeed,  that  he  had  not  h id  an  opportunity  of 
cmployiug,  in  early  life,  bis  Grtek  and  mathematical 
learning,  in  giving  alt  edition  of  Pappus  in  the  original 
language. 

Dr.  SiinsoB  never  was  married ; and  the  uniform  re- 
gularity of  a long  life,  $|HMit  within  the  walls  of  his  col- 
lie, naturally  prodtict  d Hxed  and  peculiar  iiabiis.  which 
however,  with  the  sidctnty  of  mamu’ns  were  unol- 
fcndmi!,  and  becameeven  mten'simg  lu  those  with  whom 
he  lived.  ’I'he  strictne^  of  ilir^e  habits,  which  indet'd 
pervaded  all  his  occupations,  probably  had  an  ioduence 
also  on  the  direction  and  success  ol  some  of  his  scientitic 
pursuits,  ills  hums  of  study,  of  umusenn  lit,  and  of  ex- 
ercise, were  ail  regulated  with  uniform  precision.  The 
walks  even  in  ilics<]uan-s  or  garden  of  tlie  college  were 
all  mcH>.ured  by  his  sieji«,  and  he  took  hts  exercises  by 
tba  hundreds  of  paces  according  to  his  time  or  incli- 
nation. 

It  has  been  mentioned,  that  an  ardent  curiosity  was  an 
eminent  feature  in  his  character.  It  cuiiiributed  essen- 
tially to  hts  success  in  the  maihematiCHi  iiive^tigationa, 
and  it  displayed  itself  rn  the  small  and  even  trilling  oc- 
currences of  common  life.  Almost  every  objitt  and  event 
excitivl  it,  and  suggested  some  problem  which  he  was  im- 
patient to  rcHolve.  This  disp<isition,  when  opposerl,  as  it 
oTten  necessarily  was,  to  his  natural  modi-sty,  und  to  the 
formal  civility  of  his  manm-rs,  occasionally  produced  an 
eniburravsinent,  which  was  amusing  to  his  trieiids,  and 
sometimes  a little  distressing  lu  himsidf. 

In  his  disp<isilion.  Dr.  S.  was  both  chearful  and  so- 
ciable; and  hiS  coma-rsalion,  when  be  was  at  case  among 
hts  friends,  was  animated  and  various,  enriched  with  much 
anecdote,  especially  of  the  literary  kind,  but  always  un- 
affected. It  was  enliventd  also  by  a certain  degree  of 
natural  humour;  and  even  the  sliiibr  fiu  of  absence,  to 
which  in  company  he  was  occasionally  liabig,  contri- 
huUnl  to  the  entertainment  of  hts  friends,  without  dimi- 
nishing their  affection  and  respect,  which  his  excellent 
qualities  were  calculated  to  ibspire.  One  evening  (Fri- 
day) in  the  week  he  devoted  to  a club,  chiefly  of  bis 
own  selection,  which  met  in  a tavern  near  the  college. 
The  first  part  of  the  evening  was  employed  in  playing  the 
game  of  whist,  of  which  he  was  particularly  fund;  but, 
though  he  took  no  small  trouble  in  estimating  chances, 
it  wras  remarked  that  be  was  often  unsuccessful.  The  rest 
of  the  evening  was  spent  iu  cbearful  conversation;  and, 
a$  he  had  some  taste  for  music,  he  did  not  scruple  to 
amuse  his  party  with  a song;  and  it  is  said  that  he  was 
rather  fond  of  singing  some  Greek  odes,  to  Which  modern 
music  bad  been  adapted.  On  Saturdays  be  usually, 
dined  in  the  village  of  Anderston,  then  about  a mile  dia- 
lant  from  Glasgow,  with  some  of  the  members  of  bis  re- . 
gular  club,  and  with  a variety  of  other  respectable  visi- 
tors, who  wished  to  cultivate  the  acquaintance,  and  enjoy 
the  society  of  so  eminent  a person.  In  tbe  progress  of 
tunc,  from  his  age  and  character,  it  became  the  wish  of 


his  company  that  every  thing  in  these  meetings  ahenld  be 
directed  by  him;  and  though  his  authority,  growiag  with 
his  years,  was  somewhat  at»ululc,  yet  the  good  humour 
with  which  it  was  administered,  rendered  U pleasing  to 
every  body.  He  had  his  own  chair  and  place  at  table; 
he  gave  instructions  about  the  eutcrtainmeiit,  regulated 
ibo  lime  of  breaking  up,  and  ailjustcd  the  expense.  These 
parties,  in  the  yi^rs  of  his  severe  study,  were  a desirable 
and  useful  rclaxiilion  to  his  Riiml,  and  they  continued  t<r 
amuse  him  tdl  within  a few  monthly  of  his  death. 

Strict  integrity  ai>d  private  worth,  with  corresponding 
purity  of  morals,  gave  the  highest  value  to  a character, 
which,  from  other  qualitiet  and  attainn^'nis,  wus  much 
respected  and  estes*med.  On  ail  ocCiisions,  even  in  the 
gayi'^t  hours  of  social  iuHreourse,  the  Doctor  maintained 
a Cumtant  attention  to  pruprirly.  He  bad  serious  and 
just  iinpiisisioits  of  religion  ; but  he  was  uniformly  re- 
served JR  expressing  particular  opinioas  about  it;  and, 
from  his  Moiiim'nts  of  decorum,  lie  never  introduced*rc« 
iigiun  as  a subject  of  conversation  in  mixed  soriety,  and 
all  allcropts  to  do  so  in  his  clubi  were  checked  with  gra- 
vity arsd  decision. 

In  his  ptTSon,  Dr.  S.  was  tall  and  eredt;  and  his  coun- 
tenance, which  was  hafidsome,  conveyed  u pleasing  ex- 
prvssion  of  the  su^ierior  character  of  bi:s  mind.  His  man- 
ner had  always  somewhat  of  the  fashion  which  prevailed 
in  the  early  part  ol  his  lile,  but  was  uncomtnuhly  grace- 
ful. He  was  seriously  iiidiHp4»sr'i  only  fur  a few  weeks 
before  hts  death,  and  through  a very  lung  bfe  had  enjoyed 
a uniform  state  of  good  health.  He  died  on  the  first  of 
October  1768,  when  his  Hist  year  was  almost  completed  ; 
having  bequeathed  his  small  (xilenutl  estale-in  Ayrshire 
to  tbe  eldest  son  of  his  next  brother,  probably  of  hts 
bn>ther  Thomas,  who  was  profesMir  of  m*^dicine  in  the 
university  of  St.  Andrews,  and  who  is  known  by  soma 
works  of  reputation,  particularly  a Disaeriatkm  on  the 
Nervous  System,  occasioned  by  the  Dissection  of  a Braio 
completely  Ossified. 

The  ph'Cvding  account  of  Dr.  8.  has  been  abridged 
and  extraciad  from  some  other  accounts  of  him;  as,  the 
Account  of  his  Life  and  Writings  by  the  rev.  Dr.  William 
Trail,  lately  published  (IHI2)  : and  from  the  account  of 
Dr.  S.  and  his  works.*  by  the  lute  pn>fessor  Robison,^  in 
tbo  Kncycibpcdia  Britanoica;  and  partly  from  an  inge- 
nious MS.  account  of  his  life  and  wniiugs,  written  and 
communicated  by  Mr.  James  Miller,  the  piesent  mutb^ 
matical  profeMor  of  Glasgow  ; but  more  closely  from 
Dr.  Trail’s  work,  where  a very  learned  and  critical  ac- 
count'uf  Dr.  Sinuon’s  writings  is  to  be  seen. 

The  writings  and  publications  of  Dr.  S.  were  almost  ex- 
clusively of  the  puro'georactrical  kind,  sfter  the  genuine 
manner  of  the  ancients.  He  has  only  two  pieces  printed 
in  the  volumes  of  the  Philosophical  Transactions  : via, 

1.  Two  Gcmeral  Propositions  of  Pappus,  in  which  many 
of  Kuclid's  Porisras  arc  included,  vol.  52,  ann.  1725«— 
These  two  propositions  were  afterwards  incorporated  into 
the  author’s  large  posthumous  Works,  puhUshed  in  1776, 
by  Philip,  earl  Stanhope. 

2.  On  the  Extraction  of  the  Approximate  Roots  of 
lumbers  by  Infinite  Scries : vol.48,onn.  1755. 

The  separate  publications  in  his  life-time,  were  : 

5.  Conic  Sections,  in  1735, 4to. 

4.  The  Loci  Plant  of  Apollonius,  restored ; ia 
1749>  4to: 
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• 4.  Eudid't  Elrracnls;  in  175(7,  4tn,  and  since  that 
time,  many  editions  in  Bvo,  with  the  a<ldilion  of  Eyelid’s 
' Data.  • 

5.  After  his  death,  carl  Stanhope  was  at  the  expense 
of  a publication,  in  of  several  of  Dr.  S. s p«>ht- 

humous  pieces ; which  were  (I)  Aj>ollonius's  Deierrai- 
nalc  Section  : (2)  A TrcHliK’  «*n  Pori<^ins  : (3)  A Tract  on 
Digarithms:  (()  On  the  Liioil'^  ot  Quainities  and  Kalios  : 
^5)  Some  Select  Geometrical  Pftdilems. 

Bd'^ides  the  tracts  published  in  these  posthumous  works, 
Dr.  S.'s  manuscripts  contained  a Rrent  variety  of  geome- 
trical propositions,  and  other  interesting  obst^rvations  on 
ilitTcrent  parts  of  the  mathumatirs  ; though  not  in  a stale 
lit  for  publication.  Among  other  things,  was  an  tdiliun 
of  the  works  of  Pappus,  in  a slate-  of  considerable  ad- 
vancement, and  which,  had  be  li^cd,  hr  perhaps  might 
have  published.  The  copy  of  Pappus,  with  all  Dr.  S.'s 
notes  ami  explanations,  it  seems  were,  soon  after  his 
deatl),  sent  by  bis  executor  to  the  University  of  O.xford, 
with  a,  view  to  publication;  but  which  bowevrr  it  den's 
not  appear  has  yet  been  accomplished,  it  is  true  indeed, 
Dr.  S.’s  copy  contains  a large  collection  of  materials,  from 
wiiich  to  make  a proper  selection  would  probably  require 
considerable  labour,  as  well  as  judgment. 

SINCLAR  (GaoaGF.),  was  professor  of  philosophy  in 
the  university  of  Glasgow,  and  author  of  Si'veral  works 
un  muthematical  and  physical  subjects.  He  was  dismiss- 
ed from  bis  professorship  soon  alter  the  restoration,  on 
account  of  hit  political  principles;  but  was  recalled  to 
It  on  the  change  of  government  at  the  revolution  in  l6SK; 
lie  died  in  1696*  Mr.  Sinclar’s  publications  were,  l.Ty- 
rocmia  Mathematica,  12ron.  Glasc.  ; 2.  Ars  Nova 
et  Magna,  &c,  4to.  Rotcrod.  1669;  3.  Hydrostatics,  4to, 
Ediiib.  1672;  4.  Hydrostatical  Experiments,  with  a Dis- 
course on  Coal,  8vo.  Edinb.  l6‘S0;  5.  Principles  of  As- 
tronomy and  Navigation,  l2mo.  Edinb.  l6S8.  Besides 
which,  a very  extravagant  production,  called,  **  Satan's 
Invisible  World  discovered”  has  been  ascribed  to  liim; 
it  bean  the  initials,  9.  S.  of  bis  name. 

Mr.Sinclar’s  writings  arc  not  destitute  of  ingenuity  and 
research ; though  they  may  contain  s<imc  erroneous  and 
excenthc  views.  His  work  on  Hydrostatics,  and  his  Ars 
Nova  et  Magna  Gravitatis  et  I,cviutis,and  perhaps  also 
bis  political  principles,  provoked  the  indignation  of  some 
|wrsons;  oil  which  occasion  Mr.  James  Gregory,  author 
of  the  Optica  Promota,  &c,  and  then  professor  of  ma- 
thematics at  Saint  Andrews,  animadverted  on  him  rather 
severely  in  a treatise  entitled,  “ The  Great  and  New  Art 
of  weighing  Vanity,  <Scc.  under  the  name  of  Patrick  Ma- 
therx,  Archbcdal  of  St.  Andrews.” 

Considerable  attention  seems  to  have  been  paid  by  Mr. 
Sinclar  to  such  branches  of  bydruitalics  as  were  of  a 
practical  nature;  and  it  has  bi-cn  said  he  was  the  first 
person  who  suggested  the  proper  method  of  draining  the 
water  from  the  numerous  coal  roiiH'sin  the  south-west  of 
Scotland.  During  the  period  he  was  deprived  of  his 
office,  he  resided  about  the  southern  and  border  counties, 
collecting  and  atturding  useful  information  on  The  subjects 
of  mining,  engineering,  \c : particularly  be  was  employ- 
ed by  tbe  magistrates  nf  Edinburgh  on  the  then  new  plan 
for  supplying  tbe  city  with  water,  f>tc. 

SINE,  of  an  arc,  in  Trigonometry,  a right  line  drawn 
from  one  extremity  of  the  arc,  perpendicular  to  the  radius 
drawn  to  the  other  extremity  of  it : Or,  it  is  half  the  chord 
of  double  the  arc.  Thus  the  line  oc  is  tbe  sine  qf  the  arc 


an;  being  drawn  from  nneend  n 
of  (hat  arc,  perpendicular  to  cb 
tbe  rutlius  drawn  to  the  other  ex- 
tremity B.  For  the  same  reason  also 
PE  IS  the  sine  of  the  arc  ad,  which 
is  the  supplement  of  bd  to  a semi- 
circle or  180  degrees ; so  that  every 
sine  is  common  to  two  arcs,  which 
arc  supplcnienis  to  each  other,  or 
whose  sum  is  equal  to  180  degrees. 

Hence  ihv  sines  increase  always  from  nothing  at  b,  till 
they  become  the  radius  Co,  which  ii  tbe  grcattal  .being 
the  sine  (d  the  quadrant  BO.  From  hence  Uiey  decrease 
throughout  the  second  quadrant  from  c to  a,  till  they 
quite  Vanish  at  the  point  a ; thereby  showing  that  tbe  sine 
of  the  K’micircle  boa,  or  180  degrees,  is  nothing.  After 
thistheyare  mgativein  the  next  semicircle,  or  3d  and  4ih 
quadrants  afb,  being  drawn  on  tbe  opposite  side,  or  down- 
wards from  the  diameter  ab. 

h'kole  Nis  e,  or  Smus  Toiu$,  is  the  sine  of  the  quadra^it 
BO,  or  of  5f0  degrees ; that  is,  the  whole  sine  is  the  same 
with  the  radius  cc. 

SixE-Comp/caim/,  or  Conne,  is  the  sine  of  an  arc  do, 
which  is  the  complement  of  anoUier  arc  nq,  to  a qua- 
drant. That  IS,  the  line  dii  is  tbe  cosine  of  the  arc  bp  ; 
bccauK'  it  is  the  sine  of  do  wbkh  is  the  complement  of 
BD.  And  for  the  same  reason  de  is  the  cosine  of  do. 
. Hence  the  sine  and  cosine  and  radius,  of  any  arc,  form  a 
right-angled  triangle  cde  or  cdii,  of  which  ihc  radius  cu 
is  the  hypothenusc ; and  therefore  tbe  M|uure  of  the  radius 
is  equal  to  the  sum  i>f  the  squares  of  the  sine  and  Cusioc 
of  any  arc,  that  is.  cp’  ss  CE*  •+•  ED*  or  =s  ch*  dh*. 
It  is  evident  that  tlie  ctisine  of  0 or  nothing,  ii  the  whole 
radius  cb.  From  b,  where  this  cosine  is  grealcsl,  the  cD- 
sine  decreast'-s  as  the  arc  increases  from  b along  the  qtia- 
draiu  EDO,  till  it  become  O for  the  complete  quadrant  no. 
After  this,  the  cosines,  decreasing,  become  negative  from 
hence  to  the  complete  semicircle  at  a.  Then  the  cosines 
increase  again  all  the  way  from  a through  i to  ii ; at  i 
the  negation  is  di'stioyed,  and  the  cosine  is  equal  to  0 or 
notbir\g;  from  t to  b it  is  positive,  and  at  B it  is  again  be- 
come equal  to  llie  radiuv.  that,  in  general,  the  cosinss 
in  the  1st  and  4ih  quadrants  oie  positive,  but  iu  the  2d  and 
3d  m'gtttive.  ^ 

Ferred-Snir.,  is  the  part  of  the  diameter  hetwwn  the 
sine  and  the  arc.  So  be  is  tbe  versed  slm*  of  the  arc  bp, 
and  A£  the  versed  sine  of  ad,  also  cii  the  versed  sine  of 
zk;,  dfc.  All  versed  sines  arc  affirmative,  'llie  sum  of 
the  versed  sine  and  cosine,  of  any  arc  or  angle,  is  equal  to 
tbe  radius,  that  is,  be  -f-  ec  = ac. 

The  sines  &c,  of  every  degree  and  minute  in  a qua- 
drant, arc  calculated  to  the  radius  1,  aud  ranged  in  tables 
. for  use.  But  because  operations  with  these  natural  sines 
require  much  labour  in  multiplying  and  dividing  by  them, 
(be  logarithms  of  them  arc  taken,  and  rangeil  in  tablia 
also;  and  these  logarithmic  sines  are  commonly  used  in 
pracbee,  instead  of  the  natural  ones,  as  they  require  only 
additions  and  subti*uction8,  instead  of  multiplications  and 
divkions.  For  the  method  of  constructing  the  scales  of 
sines  &c,  see  (he  article  Sc  ale. 

The  sines  were  introductHi  into  trigonometry  by  the 
Arabians.  And  for  the  etymology  of  (he  word  .Sme,  sec  in- 
troducuoo  to  my  Logarithms,  pa.  17  ^cc.  Also  the  va- 
rious ways  of  calcalaling  tables  of  the  sines,  may  be 
seen  in  the  same  place,  po..l3  dec.  • 
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l1ie  relation  which  sub»i$l$  between  the  sines  and  co- 
■sines  of  any  arcs  of  a circle,  and  those  of  their  sums,  dif- 
ferences, and  multi|des,  constitute  'wbat  is  sometimes 
termed  the  arithmetic  of  sioes.  This  branch  of  calcu)a« 
tion  has  its  origin  in  tbe  application  of  algebra  to  geome- 
try, and  is  of  great  iini>ortaiicc  in  the  more  dillicuit  parts 
ul  the  matbeiiiiitics,  as  well  as  in  their  application  to  pby- 
ihes.  The  following  theorems  are  those  of  .the  greatest 
uiilrty,  and  of  the  most  extensive  application  > the  inves- 
tigation of  which  may  be  seen  in  my  Cunrse  of  Maibema- 
lics,  and  other.works  ou  trigonometry. 

Prexious  however  to  exhibiting  thc^e  formula!,  wc  may 
make  the  following  connected  ol^*rvatiotis,  which  arc  im- 
mediately deduced  from  what  has  been  before  said  in  the 
definition  of  the  sine  of  an  arc  : namely,  in  the 

1st  quad.  2d  quad.  3d  quad.  4th  quad. 


Qf  0°  90""  180®  270®  • S6ir 

Sill  is  0 rad.  0 — rad.  O 

Cos  is  rad.  0 — rad.  0 r. 

Again,  if  p be  made  to  represent  the  semicircumfereoce 
of  a circle,  the  radius  of  which  is  r,  and  n be  o,  or  any 
whole  number,  then  w6  shall  have  the  following  general 
results. 


»in  np  = 0 

...  4«  4*  1 

Sin  — :: — p = r 
Sm  — r— ;>  = O 


Cos  - ~~  p = 0 
Cos  — = — r 


4«  4*  4 - 

Sm  — T— p = 0 


/>  4-4  _ 

Cos p 5s  r 


Also,  sin  a ss  siu  (p  — a)  =:  sin  (2p  — > o)  s sin 
(3p  — a)  &c. 

Now,  from  the  annexed  figure,  A 

and  what  has  been  aln>ady  ob-  / 

served  of  the  similar  triangles,  _ 
wc  easily  ilcduce  the  following  / - 

formula!,  expressing  the  sine  and 
cosine  of  any  arc  a,  in  terms  of  . / Vv 

the  tangent,  secant,  radius,  See.  / \\ 

£%•  > / 1 1 V ^ \ \ 

Sinaasv'ir  - cos  «)  = / \\ 

ro«  a . tin  a ' r . lan  a / \ 

• 't  “ ,/{.*  + B.'.J  • i 

^ ^ ^ r*  r . tin  a en*  a . w a 

%/(r*  4-oH*a)  ””  toiei:  a me  .a  com*  a 

__  law  a . me  g C«m’a  — r*) 


Cos  a - sio’a)  s = ‘ 


_ r* ^ f .eot,i 

oj  ^(r*  4-  a)  “ cuMca 

n a . wee  a ^ tan  a . rot  a rv'.'ecaec’a  — r*) 


V ere  u ^ r cos  a ; covers  a s r ~ sin  a ; supvers 
a = r 4-  cos  a. 

Also,  for  the  sine  of  the  siKn  and  ditTerenco  of  any  two 
arcs  to  radius  1,  wc  have  the  following  theorems : 

1.  Sin  (a  4-  6)  = sin  a . Cos  iS*  4>  cos  a. no  6 


2.  Sin  (a  — 3 sin  a . cos  b ■—  cos  a , sin  6 

3>  Cos  (a  -4*  3 cos  a . cos  — sin  a . sin  b 

4.  Cos  (a  — 6)  3 cos  a , cos  b 4-  sin  a .‘Sin  b.  * 

Hence  again, 

5.  Sin  (a  4-  6)  4^  sin  (o  — &)  3 2 sin  o . cos  b 
6‘.  Sin  (0  4-6)  — sin  (a  ->  6)  — 2 cu$  a . sin  b 

7.  Cos(a  — i)  4.  cos  (a  4-  &)  3 2 cos  o . cos  b 

8.  Cost  (a  — ^»)  — cos  (a  4-  6)  s 2 sin  o . sin  b. 

And  if  in  these  last  four  fcrmulo;,  we  substitute  na  for 
a,  and  a for  ft,  we  obtain, 

9.  2 Cos  a . sin  na  3 sin  («  4-  1)0  4*  sin  (n  — i)  a 

10.  2 Sin  a . cos  na  3 sin  (n  4-  1)a  — sin  (n  — > I)  a 

1 1.  2 Cos  o .cosnn  3 cos  («  4-  l)a  4-  cos  (n  — ) « 

1 2.  2 Sin  a . sin  na  3 — tms  (a  4*  ] )a  4-  cos  (/i  — I ) a 

And  from  these  we  may  deduce  the  powers  of  the  sines 
and  cosines  of  arcs,  in  terror  of  the  sum  and  difh.'rvnce  of 
certain  multiples  of  those  arcs,  thus: 

Sill  a 3 sin  a 
2 Sin*  a 3 — cos  2a  4>  1 

4 Sin*  a 3 — i\n  3a  4-  3 sin  a 

8 Sin* 03  cos4a  — 4’Cos2a4>3 
16  Sin*  0 3 sin  5a  — 5 sin  3a  4-  iO  sin  a 

32  Sin*  rt  3 — cosGa  4-  6 cos 4a  — 15cos2a  4-  10 

0’4  Sin’  a 3 sin  7a  4*  7 sin5a  ~ 21  sin  3a  + 35  sin  a. 
And  generally 

2““'  sin*  0 3 ± sin  aa  ± a sin  (fi  — 2)  a — •— 

sin(«  — 4)o&c;  Or 

2*~'  sin*  a 3 ± cos  na  T n cos  (n  — 2)a  ± " — 
cos  (a  — 4)  a 8cc. 

In  the  first  of  which  series,  the  upper  sign  must  be  used 
when  IS  is  an  odd  number  t^thc  form  4wi  4-  1,  and  the 
lower  sign,  when  nfsof  the  form  4w  — 1. 

In  the  second  scries,  the  upper  sign  must  be  used  when 
n is  of  the  form  4m,  and  the  lower  sign  when  n is  of  the 
form  2(2m  4*  1). 

Similar  formulae  may  also  be  found  for  the  successive 
powers  of  ihocosioes  of  any  simple  arc,  which  are  as  fol- 
lows : 

Cos  a 3 Cos  a 

2 Cos*  If  3 cos  2a  4-  I 

4 Cos’  a 3 cos  3a  4*  3 co*  a 

8 Cos?  a 3 cos  4o  4-  4 cos  2a  4-  3 

10  Cos*  a 3 cos  5a  4>  5 cos  3a  4>  10  cos  a 

32  Cos*  a — cos  tia  4.  6 cos  4u  4-  15  cos  2a  4-  10 

64C<»’a  3 cos  7a  4-  7 cos  5a  4-  21  cos  3a  -f-  35  cos  a. 

And- generally 

2*"’  Cos*  a 3 cos  na  4-  B cos  (n  — 9)  a 4-  — co> 

(b  — 4)adcc.  • 

Again,  the  sines  and  cosines  of  ibemuUiplearcs,may  be 
expressed  in  terms  of  the  sines  and  cosines  of  the  inferior 
arcs,  as  below. 

Sin  d 3 sin  a 

Sin  2a  3 2cdsa.sina 

Sin  3a  3 2 cos  a . sin  2a  — sin  a 

Sin4a  3 2 cos  a .sin  3a  ~ sin  2a  , • 

Sin  5a  3 2 cos  a , sin  4a  — sin  3a  dec 

Sin  na  3 2 cos  a.sin(tt—  l)a  — sin  (a  — 2)  a 

Co«  a = Cos  a 

Cos  2a  » 2 cos  a . oos  a — 1 

Cos  3d  3 2 cos  a . cos  2a  ~ cos  a 

Cos  •fa  = 2 cos  a . cos  3a  — cos  2a 

Cos  5a  9 cos  a • cos  4a  — cos  3a , dec 

Cosna  as  2cos  a.cos  (b  — 1)«  ~ • 
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■ Aod  if  no*,  m onWlo  nbbre*iat»,  m make  coa  « = c,  and 
line  a = a,  and  obaerving  at  tbc  umc  time  that  c*  = 
T—  »*,  we  deru  e 
Sin  a = < 

Sin  2a  X "2et 

Sin  3«  = 4c’*  — *• 

Sin -in  = 8 rt  - 4<c  = c { - 8»>  •»- *1) 

Sin  5a  = 10o‘»  — 12  rt  ♦ » = Ida'  — 20a’  + Sa 
Sin  na  = nac— . - rf-’  + 


n.n  — I — 9.«  — *•» 


■—a'c-'  &c 


Cos  a = c 
Cos  2a  = 2c"  - I 
Cos  Sa  = 4c'  - 3e 
Cos  4o  = 8c‘  — 8C«  + 1 
Cos  5a  = 10c'  — 20c'  -►  5c 

n.n  — 0. _ 

Cos  no  = 2-  c"  - c"  4-  ^ 

1 .9  .J.3* 

Or  if,  instead  of  tbc  above  lubslituiion,  wc  make  2co» 
4^y  ^ wc  readily  deduce  the  folk>wing elegant  for> 
isuIb  for  the  cocincs  of  the  multiple  arcs. 


S Co»  2a  = y ^ -r 


2 Cos  3«  sc  tr’  w-  T 
2 Cus  4<i  = y “T 


2 Cos  na  ss  a’'  "T* 

Wc  might  pursue  this  subject  to  a much  greater  length, 
but  the  above  arc  the  piincipal  formulae  which  oc« 
. cur  in  the  doctrine  of  sines  &c.  We  shall  conclude  this 
article  with  the  following  formulze,  expre^ing  the 
log.  of  the  sine  of  an  arc,  the  arc  in  terms  of  the  siue,  the 
tine  in  terras  of  the  arc,  ; where  it  is  to  be  ohsiTved, 
that  s is  the  sine,  c the  cosine,  o the  arc,  and  r the  radius: 

a*  a*  __  

* ~ ® *“  a, a I-*  9 .9.4  .>  r’  9 4 ,s  . 6.  j 

l>  l .3  I*  1 .3  .»  / , 

•=*■'■  * ».a-T>~  TTTJ7‘ 

Log.  a = log.  o - iJ  (“-  -a-  ^ + ~ &c) 

or  Log.  f = — &c) 

or  Log.s  = — 2 M (z  1 1*  -K  1 8*  ^ z’  &c.) 

where  t = radius  1,  and  ws=  ‘4S42944&  &e. 

If  A = 2*71S2ill828  &c,  the  number  whose  hyp.  log.  is 
1;  then 

I - « I 

e,.  A — A 

Sin  n = s = ' -■  ■"  "■■■ 


Cos  fl  St  c = ^ — 

See  many  other  curious  expressions  of  this  kind  in  Bou- 
gainville's Cakul  lutcgral,  tad  io  Bertrand's  mathematica. 


From  theorem  1,  2,  ^c,  the  sines  of  a great  variety 
of  angles,  or  number  of  degrees,  may  be  computed*  Ex.‘ 
gr.  as  below. 


Atigin. 

Sinet.  ' 

. 90° 

r 

75 

*fv/s  = r K ^ 

72 

. iV  a 

67* 

ir,/i  + 

60 

*rv/3 

, .5+^J  ✓!  + I 

54 

r'v  a “ 4 

43 

4r,72 

36 

i'-,/— 5- 

30 

¥. 

2H 

ifv's  - 

. VJ-l 

18 

l~  — r t.  — j 

15 

irv'a  -4/3  = r » ; 

Q/*  the  Tables  ^ Smet,  ifc. 

In  estimating  the  quantity  of  the  sines  dre,  we  assume 
radius  for  unity;  and  then  compute  the  quantity  of  the 
tines,  tangents,  and  secants,  in  fractions  of  it.  From 
Ptolemy’s  Almagest  wc  learn,  that  the  ancimts  divided 
the  radius  into  O'O  parts,  which  they  called  degrees,  and 
ihencc  determined  the  chords  in  minutes,  seconds,  and 
thirds;  that  is,  in  sexagesimal  fractions  of  the  radius, 
which  they  likewiM.*  used  in  the  resolution  of  triangloi^.  As 
to  the  sines,  tangents  and  secants,  they  are  modern  inven- 
tions; the  sines  being  introduced  by  the  Moors  or  Sara- 
cens, and  thetangeiils  and  secants  afterwards  by  the  Euro- 
peans. Sec  liUrod.  to  my  Logs.  pu.  1 to  l.Q. 

Regiomontanus,  at  drst,  with  the  anck-ois,  divided  tbt 
radius  into  (k)  drgrees:  and  dcirrraim-d  the  sines  uf  the 
several  dt^reo!,  in  decimal  flections  of  it.  But  he  after- 
wards found  it  would  be  more  convenient  to  assume  1 for 
radius,  or  I with  any  number  of  ciphers,  and  lake  the 
sines  in  decimal  parts  of  it ; and  thus  he  introduced  the 
prevent  method  in  trigonometry.  In  this  way,  dtderenc 
authors  have  divided  tbc  radius  into  more  or  tewer  deci- 
mal parts;  but  in  the  common  tables  of  sines  and  tangerrts, 
the  radius  is  conceived  to  be  divided  into  lOOOUOOO  parti; 
by  which  all  the  sines  are  estimated. 

An  idea  of  some  of  the  modes  of  construciing  the  tables 
of  sitww,  may  be  conceived  from  what  follows:  First,  byi 
common  geometry  the  sides  of  some  of  the  regular  poly- 
gons inscribed  in  the  circle  are  computed,  from  the  given 
radius  which  will  be  the  chords  of  certain  portions  of 
the  circumferenw,  denoted  by  the  number  of  the  sides;' 
via,  the  side  of  the  triangle  the  chord  of  the  3d  part,  or 
12U  degrees;  the  side  of  the  pentagon  the  chord  uf  the 
*5th  part,  or  72  degrees ; the  side  of  the  hexagon  the  chord 
of  thcb'lh  part,  or  O'O^iegrtfs;  the  side  of  the  octagon  the 
chord  of  the  8th  part,  or  45  degrees;  and  so  on.  By  this 
means  there  arc  obtained  the  chords  of  several  of  such 
arcs;  and  the*  halves  of  these  chords  will  be  the  sines  of 
the  halves  of  fhc  same  arcs.  Tlien  the  theorem 
c =s\/(l  — **)  will  give  the  cosine*  of  the  salne  half  arcs. 
Next,  by  brsecting  these  arcs  continually,  there  will  be 
found  the  mivos  and  cosines  of  a continued  Krics  u far  as 
we  please  by  these  two  ibeorems. 
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Sin  ffl  = “ V 

Tljcn,  by  the  formal®  for  the  sams  nnd  tliffcrencc*  of  arc*, 
fri>m  the  ft»rrgoing  icnc*  will  be  derived  the  line*  and  co- 
sines of  various  other  arc*,  till  we  arrive  at  length  at  the  < 
arc  of  r,  or  l",  ^lec,  whose  sine  and  cosine  thus  become 
known.  Or,  rather,  the  sine  o(  I minute  will  be  much 
more  easily  found  from  the  series  s = n — | a"'  o* 

^c,  because  the  arc  may  be  considered  as  equal  to  its 
sine  in  small  arcs;  whence  s = a only  in  such  small  arcs. 

But  the  length  df  the  arc  of  180®  or  10800'  is  knq|vn  to 
be  3-1415.0*2(^5  fcc;  therefore,  by  proportion,  as  10800' : 

1'  ; : 3*14159265:0  0002908882  = a the  arcor  « the  sine 
of  l',  which  number  is  true  to  the  last  place  of  decimals. 
’Ihen,  fur  the  cosine  of  1',  it  H c = v^(l  — i*)  =s 
0*9*1951999577  the  cosine  of  the  same  1'. 

Hence  we  shall  readily  obtain  the  sines  and  cosines  of 
all  the  multiple*  of  l',  as  of  2*,  3',  4',  5',  Ac,  by  the  appli- 
cation of  tbi*so  two  theorems, 

sin  (n  -t-  l)a  = 2 c » sin  nn  — sin  (»  — l)a, 
cos  (»  -e  1 )a  ss  2 c x cos  no  — cos  («  — 1 )a ; 
for  supposing  a = the  arc  of  I , then  c = 0'9999999^”7» 
and  taking  n successively  equal  to  1,  2,  3,  4,  Ac,  the  theo« 
rems  for  the  sines  ami  cosines  give  severally  the  sines  and 
cosines  of  1’,  3',  4',  Ac ; viz,  the  sines  thus : 

sin  I'  = r = •O(X);908882 

sin  2'  = 2c  X sin  I'  “ sin  (V  ss  *0005817764 
sin  3'  as  2c  X sin  2'  — sin  I’  = *0008726645 
sin  4'  ss  2c  x sin  3^  — sin  2^  — •00116355*26 
sin  5*  as  2c  X sin  4*  — sin  3^  — *00l4544t06 
Ac. 

And  the  cosines  thus, 

cot  r = -9999999577 

cos  2*  = «c  X cos  1'  - CO*  O'  a=  *9999998308 

cos  y = tc  X cos  y - cos  I'  = *9999996192 

cos  4’  Z=  2 c X cos  3'  - cos  2'  = *9999993231 

coa  5' s 2 c X cua  4*  — cot  y ss  *9999989423 

Ac. 

In  this  manner  then  all  the  sines  and  coainea  are  made, 
hv  only  one  constant  multiplication  and  a sublracuun,  up 
to  30  degrees,  forming  thus  the  sines  of  the  hrst  and  thst 
30  degrees  of  the  quadrani,  or  from  0 to  30®  and  from  60® 
to  90^;  or,  which  will  be  much  the  same  thing,  the  sines 
only  may  Ik*  thus  computed  all  the  way  up  to  60®. 

llirn  the  sim*s  of  the  remaining  30®,  fi;om  60  to  90,  will 
be  found  by  one  addition  oply  for  each  of  them,  by  means 
of  this  theorem,  viz.  sin.  (60  -i-  a)  = sin.  ((>0  — a)  sin.  a; 
that  is,  to  the  sine  of  any  arc  twiow  60®,  add  the  sine  of 
its  defect  below  60,  and  the  sum  will  be  thesino  of  another 
arc  which  isjustmsmuch  above  60. 

The  sines  of  all  arcs  being  thus  found,  they  give  also 
^ery  easily  the  versed  sines,  the  tangents,  and  the  secants. 
The  versed  sines  are  only  the  arithmetical  cumplemenis 
to  I,  that  is,  each  coaine  taken  from  the  radius  1. 

’riie  tangents  are  found  by  these  three  theorems: 

1.  As  cosine  to  sine,  so  is  radius  to  tangent. 

2.  Hadius  is  a mean  proportional  between  the  tangent 
and  cotangent. 

S.  Half  the  difference  between  the  tangent  and  cotan- 
geut,  IV  equal  to  the  tangent  of  tbe  difference  between  the 
arc  and  its  complement.  Or,  the  sum  arising  from  the 
addition  of  double  the  tangent  of  an  arc  with  the  tangent 
VoL.  H. 


of  half  iU  complement,  is  equal  to  the  tangent  of  the  sum 
of  that  arc  and  tbe  said  half  complement. 

By  the  1st  and  2d  of  the<e  theorems  the  tangents  arc 
to  be  found  for  one  half  M the  quadrant:  then  the  other 
half  of  them  will  be  found  by  one  single  addiUon,  or  sub- 
traction, for  each,  by  the  3d  theorem. 

This  done,  tbe  secants  will  be  ait  found  by  addition  or 
subtroctimi  only,  by  these  two  theorems:  1st.  The  secant 
of  an  arc,  is  equal  to  the  sum  of  its  tungi'Ut  and  the  tan- 
gent of  half  its  complement,  2nd.  The  secant  of  an  arc, 
is  equal  to  the  difference  between  the  tangent  of  that  arc 
and  tbe  tangent  of  tbe  arc  added  to  half  compliment. 

Siiras,  Ac,  6y  a n<w  DwisicM  cf  the  ^adrunt*  In  ihe 
2d  vol.  of  my  Tracts,  pa.  122,  Ac,  is  described  a new 
mode  of  dividing  the  quadranlal  arc,  for  which  to  con- 
struct new  table's  of  >ines,  tangents,  and  secants,  which 
would  be  very  useful,  and  is  different  from  all  other  me- 
thods of  dividing  it,  and  of  constructing  the  tables.  In 
this  method  the  arcs  of  the  quadrant  are  divided  into,  and 
expressed  by  the  equal  parts  of  tbe  mcTms,  tUesame  a*  the 
sines  and  tangents  theroselti'v ; U’ing  divisions  in  tbe  com- 
mon decimal  scale  of  numbers,  lu  this  project  1 have  made 
many  thousands  of  calculations  for  the  sines;  and  a spe- 
cimen of  the  tal4<-s  may  be  seen  inserted  lu  the  volume 
above  meiitionetl. 

The  French  have  also  made  and  printed  very  c.xtrnsive 
tables  of  sines  Ac,  cm  a plau  of  divtsiuns  diBcring  both 
from  the  old  sexagesimal  way,  and  from  mine,  above  men' 
tioned  : those  being  to  decimal  dtvisioafof  arcs,  the  qua- 
drant being  divided  into  10000  equal  parts,  each  part 
being  nearly  equal  30*  in  the  sexagesimal  division. 

Artificial  Sinm  are  the  logarithmic  sines,  or  the  loga- 
rithms of  the  sines. 

.<4rirAmc/ic  ofSlNES.  .Sec  chap,  iii,  p.  53,  vol.  3,  of  my 
Course  of  Mathematics  ; also  the  foa^uing  article  in  this 
dictionary. 

Curve  or  Figure  of  the  Sis  C8.  See  FmwkE  q/"  the  Sine»^ 
SfC-  To  what  is  there  said  of  the  bgure  of  the  sines,  may 
be  here  added  av  follows,  from  a property  just  given  above, 
viz,  if  X denote  the  absciss  of  this  curve,  or  the  corre- 
sponding circular  arc,  and  y its  ordinate,  or  the  sine  of 
Ibai  arc;  then  the  equation  of  the  curve  will  be  this, 

= viin • 

where  h =-  2-7182618*28  Ac,  the  number  whose  hyp. 
log.  IS  1. 

Line  tySitras,  is  a line  on  the  sector,  or  Gunter's  scale, 
Ac,  divided  according  to  the  sines,  ot  e.\pa‘ssing  tbe  sines. 
See  those  articles. 

qf  Incidence,  or  qf  Ejection,  or  of  R^rnetiom,  is 
used  for  the  sine  of  the  angk  of  incidence,  Ac. 

SINICAL.  Ruadrant,  is  a quadrant,  made  of  wood  or 
metal,  with  lines  drawn  from  each  side  inter^titig  one 
another,  with  an  index,  divided  by  sines,  also  with 
degree*  on  the  limb,  and  two  sights  at  the  edgs*.  Its  use 
IS  to  take  the  altitude  of  the  sun.  Instead  of  the  sines,  it 
is  sometimes  divided  all  Into  equal  parts;  and  then  it  is 
used  by  seamen  to  resol^,  by  inspection,  any  problem  of 
plane  vailing. 

SIPHON,  orSYPiioH,  in  Hydraulics,  a crooked  pipe 
or  lube  used  in  the  raising  of  fluids,  emptying  of  n-sseU, 
and  in  various  hydroslatical  experiments,  it  it  otherwise 
called  a crane.  Wolfiiu  describe*  two  vessels  under  the 
name  of  Siphons ; the  one  cylindrical  In  (h«  middle  and 
conical  at  the  two  extremes ; the  othef  globular  in  the 
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miHdle,  with  two  narrow  tubes  fitted  to  it  axis-wise;  both 
serving  to  take  up  a quantity  ufliquid,  and  to  n'tain  it 
when  up. 

But  ihc  most  usual  syphon  is\hnt  which  it  here  repre- 
vented ; where  a BC  is  any  crooked  tube, 
having  two  \v^%  of  unequal  lengths; 
but  such  however  that,  in  any  position, 
the  perpendicular  altitude  nt>,  of  n 
above  A,  wIk'D  a a is  filled  with  any 
fluid,  the  weight  of  that  fluid  may  not 
be  mure  than  about  l^lh.  upon  every 
square  inch  of  the  base,  or  equal  to  the 
pressure  of  the  atmosphere,  because  the 
pressure  of  the  atmosphere  will  raise  or  suspend  the  fluid 
so  high,  when  the  inU*  is  exhausted  of  air.  This  height 
is  about  30  inches  when  the  fluid  is  quicksilver,  and  about 
34  feet  when  it  is  water;  and  so  on  for  other  fluids,  ac- 
cording to  the  rarity  of  them. 

To  use  the  siphon,  in  drawing  off  any  fluid  ; immerse  the 
shorter  end  a into 
the  Auiil,  then  suck 
or  draw  the  air  out 
by  the  other  or  lower 
end  c,  and  the  fluid 
will  presently  follow, 
and  run  out  by  the 
siphon,  from  lhcv(*ssel 
at  A to  the  vesstd  at  c; 
till  such  time  as  the 
surface  of  the  fluid 
sink  ns  low  as  the 
nrilicc  at  a,  when  the 
decanting  will  cease, 
and  the  siphon  will  empty  tUcIf  of  the  fluid,  the  whole  of 
that  which  is  in  it  running  out  at  c.  The  principle  upon 
which  the  siphon  acts,  is  ibis : when  the  tube  is  exhausted 
of  air,  the  pressure  of  the  atmosphere  upon  the  surface  of 
the  fluid  at  d,  forces  it  into  the  tube  by  the  orifice  at  a, 
as  in  the  barometer  tube,  and  down  the  leg  bc,  if  b is  not 
above  the  surface  at  o more  than  34  feet  for  water,  or  30 
inches  for  quicksilver,  Arc*  Here,  if  the  external  leg  of 
tile  siphon  terminate  at  e,  on  a horizontal  level  with  the 
immersed  end  at  a,  or  rather  on  a level  with  the  water  at 
D,  the  perpendicular  pressurt's  of  the  fluid  in  each  leg,  and 
of  the  c.xternal  air,  against  each  orifice,  being  alike  in  both, 
the  fluid  will  bc  at  rest  in  the  siphon,  completely  filling  it, 
but  without  running  or  pn*potidcratiag  either  way.  But 
if  the  external  end  be  the  lower,  terminating  at  c,  then 
the  fluid  in  this  end  bring  the  heavier,  or  having  more  pres- 
sure, will  prepoiiderntc  and  run  out  by  the  orifice  at  c; 
this  would  leaven  vacuum  at  b but  fur  tbc  coiiiinual  pres- 
sure of  the  atmosphere  at  d,  which  forces  the  fluid  up  tiy 
A to  B,  and  so  producing  a continued  motion  of  it  through 
the  tube,  and  a discharge  or  stream  at  C. 

Instead  of  sucking  out  the  air  at  c,  another  method  is, 
flrst  to  fill  the  tube  completely  with  the  fluid,  in  an  in- 
verted position  with  the  angle  b downward;  and,  stopping 
the  two  orifices  with  the  fingeu,  revert  tbc  tube  agaip, 
and  immerge  the  end  a in  the  fluid ; then  take  off  the 
fingers,  and  immediately  the  stream  commences  from  the 
end  c. 

Kilher  of  the  two  foregoing  methotU  can  be  conveniently 
practised  when  the  siphon  is  small,  and  casil>  managed  by 
the  hand  ; as  in  decanting  off  liquors  from  casks,  &c.  But 
when  the  siphon  it  very  large,  and  many  feet  in  height. 


as  in  exhausting  water  from  a valley  or  a pit,  the  follow- 
ing method  it  then  recommended;  Slop  (be  onHce  C; 
and,  by  means  of  an  opeidng  made  in  the  top  at  b,  fill  the 
tube  completely  with  water;  then  stop  the  opening  at  a 
with  a plug,  and  open  that  at  c;  up<»n  which  the  water 
will  piTsonily  flow  out  there,  ami  so  coocinuc  till  that  at 


A Is  exhausted.  And  this  method  of  conveying  water  over 
b hill,  from  one  valley  to  another,  is  dcKribt'd  by  Hero, 
the  chief  author  of  any  coiiM'quence  on  this  subjeci  iiinong 
the  ancients.  Hut  in  (Ins  experiment  it  must  be  noted,  that 
the  effect  will  not  bo  produced  when  the  hill  at  a is  more 
than  33  or  34  feet  above  the  surface  of  (he  water  at  a. 

In  an  experiment  of  this  kind,  it  is  even  said  that  tbc 
water  in  the  legs,  unless  it  be  purged  of  its  air,  will  not 
rest  at  a height  of  quite  30  feet  above  the  water  in  the 
vessels  ; because  air  will  extricate  itxelf  out  of  the  water, 
and  getting  above  the  w ater  in  the  legs,  press  it  downward, 
so  that  its  height  will  bc  less  to  balance  the  pressure  of 
tht  atmosphere.  But  with  very  fine,  or  capillary  tubes, 
the  experiment  will  suebeed  to  a height  somewhat  greater ; 
because  the  attraction  of  the  matter  of  the  very  fine  tube 
will  raise  the  fluid,  and  support  it  at  some  certain  height, 
indc|>endent  of  the  pressure  of  the  atmosphere.  For  which 
reason  also  it  is,  that  the  experiment  succeeds  for  small 
heights  in  the  exhausted  xeceiver;  as  has  been  tried  both 
with  water  and  mercury,  by  Desaguliers  and  many  other 
philosophers.  Exper.  Philos,  vol.  2,  pa.  168. 

The  figure  of  the  vessel  may  be  varied  at  pleasure,  pro- 
vided the  orifice  c be  but  below  the  level  of  the  surface  of 
the  water  to  be  drawn  off,  but  still  the  farther  it  is  below 
it.  the  quicker  will  the  fluid  run  off.  And  if,  in  the  course 
of  the  efflux,  the  orifice  a bc  drawn  out  of  the  fluid;  all 
the  liquor  in  the  siphon  will  issue  oat  at  the  lower  orifice 
c ; ihc  fluid  in  the  leg  bc  dragging,  as  it  were,  that  in  tbc 
shorter  leg  .vB  after  it. 

But  if  a fliled  siphon  be  so  disposed,  as  that  both  orifices, 
A and  c,  be  in  the  same  horizontal  line;  (he  fluid  will  re- 
main pendant  in  each  leg,  how  unequal  soever  (be  length 
of  the  legs  may  be.  So  (hat  fluids  in  siphons  seem,  as  it 
were,  to  form  one  continued  body;  the  heavier  part  de- 
scending like  a chain,  and  drawing  the  lighter  after  it. 

The  fFmcmficrg'  Sieiiov,  which  Is  represented  in  the 
annexed  figure,  is  a very  e.xtraordinary  machtne,  perform- 


ing several  things  which  the  common  siphon  will  not  reach. 
Hiis  siphon  was  projected  by  Jordan  Pelletier,  and  exe- 
cuted at  the  expetico  of  prince  Frctlcric  Charles,  admi- 
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nktraloi'  of  Wirtombcrg,  by  bis  malhi'inatician  Shabnckanft 
u ho  made  each  branch  20  feet  long,  ami  set  thi-m  IS  feet 
apart;  and  the  description  ofit  >tas  published  by  Reiselius, 
the  duke's  physician.  Tliis  gave  occasion  to  I’apm  to  in- 
vent another,  which  performed  the  same  things,  ami  is  de- 
scribed in  the  Phillis.  Trans,  vob  14.  Reseltus,  in  another 
paper  in  ih^  same  volume,  ingenuously  owns  that  this  is 
the  same  with  the  Wirtemborg  siphon. 

Jn  lids  engine,  though  the  legs  be  on  the  same  level, 
yci  the  water  rises  up  the  one,  jyid  descends  through  the 
other.  I'hc  water  rises  even  through  the  aperture  if  the 
less  leg  be  only  half  immerged  in  vrater.  'I'hc  sipboii  has 
its  HTlti  after  continuing  dry  a long  lime.  Hither  of  the 
apiTiuros  being  opened,  the  other  remaining  shut  for  a 
whole  day,  and  then  opened,  the  water  flows  out  as  usual. 
I.asily, , the  water  rises  and  fulls  indifferently  through 
cillicr  leg. 

Musschenbroek,  in  accounting  for  the  operation  of  this 
siphon,  observes  that  no  discharge  could  be  made  by  it,  if 
the  water  applied  to  either  leg  did  not  cause  the  one  to  bo 
shorter,  and  the  other  longer  by  its  own  weight.  Introd. 
ad  Phil.  Nat.  tom.  2,  pn.  853,  od^4to.  17fl2. 

SIRIUS,  the  Dog-star;  a very  bright  star  of  the  first 
magnitude,  in  the  mouth  of  the  constellation  Ctmji  iVw/or, 
nr  the  Cireat  Dog.  This  is  the  brightest  of  alt  the  stars  in 
our  firmament,  and  therefore  probably,  says  Ur.  Maske- 
lync,  the  tK-arest  to  us  of  them  all,  in  a paper  rccommeiid- 
itig  the  discovery  of  Its  parallax,  Philin.  Trans,  vol.  51, 
pa.  889*  Some  however  suppose  Arclorus  to  be  the 
nearest.  The  Arabs  call  it  Aschers,  Rlschccre,  Scera;  the 
Greeks,  Sirius;  and  the  Latins,  Canicula,  or  Canis  can- 
dens.  See  Cakicula. 

This  is  one  of  the  earliest  named  stars  in  the  heavens. 
Hesiod  and  Homer  mention  only  four  or  five  constellations, 
or  stars,  and  this  is  one  of  them.  Sirius  and  Orion,  the 
Hyadcs,  Pleiades,  and  Arcturus  arc  almost  the  whole  of 
the  old  poetical  astronomy.  The  three  last  the  Greeks 
formed  of  their  own  observation,  as  appears  by  the  names; 
the  two  others  were  Hgyptian.  Sirius  was  so  called  from 
Ihc  Nile,  one  of  the  names  of  that  river  being  Siris;  and 
the  Egyptians,  seeing  that  river  begin  to  swell  at  the  time 
of  a particular  rising  of  this  star,  paid  divine  honours  to 
the  star,  and  called  it  by  a name  derived  from  that  of  the 
river,  expressing  the  star  of  the  Nile. 

SITUS,  in  Algebra  and  Geometry,  denotes  the  situation 
of  lines,  surfaces,  &c.  Wnifius  delivers  some  things  in 
geometry,  which  are  not  deduced  from  the  common  analy- 
sis, particularly  matters  depending  on  the  situs  of  lines  and 
figures.  Lt'ibnitz  has  even  founded  a particular  kind  of 
analysis  upon  it,  called  Calculus  Situs. 

SKY,  the  blue  expanse  of  the  air  or  atmosphere.  The 
azure  colour  of  the  sky  is  attributed,  by  Newton,  to  va- 
pours beginning  to  condense,  having  attained  consistence 
enough  to  reflect  the  most  rcflexible  rays,  viz,  the  violet  ones; 
but  not  enough  to  reflect  any  of  the  Ins  refluxible  onc>. 

I.Ahirc  attributes  it  to  our  viewing  a black  objtxi,  viz, 
the  dark  spare  beyond  the  regions  of  the  atmosphere, 
through  a while  or  lucid  one,  viz,  the  air  illuminated  by 
the  sun ; a mixture  of  black  and  white  always  appearing 
blue,  but  this  hypothesis  is  nut  originally  his  ; bejng  as 
old  as  Leonardo  da  V'niri. 

Si.lDING,  ill  Mechanics,  is  when  the  same  point  of  a 
bofiy,  moving  along  a surface,  describes  a line  on  that 
surface.  Such  is  the  motion  of  a parailclopipcdoii  moved 
along  a plane. — From  sliding  arises  friction. 


Slidino  Rtitf,  a mathematical  instrument  servin.?  to 
perform  computations  in  gauging,  measuring,  dec,  without 
the  use  of  compasses;  merely  by  the  sliding  of  the  parts 
of  the  instrument  one  by  another,  the  liiiea  and  divisions 
of  which  give  the  an-.wer  or  amount  by  inS)>ecliou.  'I  his 
instrument  is  variously  contrived  r«nd  applied  by  difliprent 
authors,  particul-rly  Gunter,  Partridge,  Hunt.  Eierard, 
and  Coggeshnll;  but  the  most  usual  and  uss-ful  uiics  are 
those  of  the  two  latter. 

£rrrard’«SLiDiNO  Ru/e  is  chiefly  used  in  cask  gauging. 
It  is  commonly  made  of  box,  12  inches  long,  I inch 
broad,  and  of  an  inch  thick.  It  consists  of  three 
parts;  viz,  the  stock  just  mentioned,  and  two  thin  slips, 
of  the  same  lengtii,  sliding  in  small  grooves  in  two  oppo- 
site sides  of  the  st'*ck:  consequently,  when  both  these 
pieces  are  drawn  out  to  tiieir  full  extent,  tbc  instrununt  is 
3 feet  long. 

On  the  first  brtftid  face  of  the  instrument  are  four  loga- 
rithmic lines  of  numbers;  for  the  properties  &c,  of 
which,  see  Gunter's  Line.  The  first,  marked  a,  consist- 
ing  of  two  radii  numbered  1,2,  3,  4,  5,  6,  7,  8,  9,  I ; 
and  then,  2,  3,  4,  5,  &c,  to  10.  On  this  line  are  tour 
brass  centre^pins,  two  in  ouch*  radius;  one  in  each  of 
them  being  marked  mb,  for  iiiall-bushe),  is  set  at  Sli50'42 
the  number  of  cubic  inches  in  a malt-bushel ; the  other 
two  are  marked  with  a,  fur  ale-guUon,  at  282,  the  number 
of  cubic  inches  in  an  aU  gallon.  The  2d  and  3d  line's  of 
numbers  are  on  the  sliding  pieces,  and  arc  exactly  the 
same  with  the  first;  but  they  are  distinguished  by  the 
letter  b.  In  the  first  radius  is  a dot,  marked  Si,  at  *707, 
the  side  of  a square  inscribed  in  a circle  whose  diameUr 
is  1.  Another  dot,  marked  ^.stands  at  '8h6,  the  side  of 
a square  equal  to  the  area  of  the  same  circle.  A third 
dot,  marked  w,  is  at  231,  the  cubic  inches  in  a wine 
gallon.  And  a fourth,  marked  c,  at  314,  the  circum- 
ference of  the  same 'circle  whose  diameter  is  1.  'I'ho 
fourth  line  of  numbers,  marked  mi>,  to  signify  malt- 
depth,  is  a broken  line  of  two  radii,  numbered  2,  10,  9* 
8,  7,  6f  5,  4,  3,  2.  I,  9»  8,  7,  t^'C ; the  number  J being 
set  directly  against  mb  on  the  first  hidius. 

On  the  sT’Cond  broad  f.icc,  marked  cd,  are  several 
lines : arlst,  a line  marked  d,  and  numbered  I,  2,  3,  &:c, 
to  10.  On  this  line  arc  four  centre  pint:  the  first, 
marked  wo,  for  wine-gauge,  is  at  1715,  the  gauge-point 
for  wiqe  gallons,  being  the  diameter  of  a cylinder  whose 
height  is  one  inch,  and  content  231  cubic  inches,-  or  a 
ivine  gallon  : the  second  centre-pin,  marked  ag,  for  ale- 
gauge,  is  at  18*95,  the  like  diameter  for  an  ale  gallon  : 
tbc  3d,  marked  ms,  for  malt-square,  is  at  46*3,  the  square 
root  of  2150*42,  or  the  side  oi  a square  whose  content  is 
equal  to  the  number  of  inches  in  a solid  bushel  : and  the 
fourth,  marked  MR,  for  malt-round,  is  at  52*32,  the  dia- 
meter of  a cylinder,  or  bushel,  the  area  of  whose  base  is 
the  same  2150*42,  the  inches  in  a bushel.  2dly,  Twu 
lines  of  nutnU'rson  the  sliding  piece,  on  the  other  side, 
marked  c.  On  these  are  two  dots;  the  one,  marked  c, 
at  *079<^>  tl^c  area  of  a circle  whose  circumference  is  I ; 
and  Ihc  other,  marked  d,  at  *785,  the  area  of  the  circle 
whose  diameter  is  I.  3dly,  Two  liites  of  segnunL'*,  each 
numUxed  1,  2,  3,  to  100;  the  first  for  finding  the  ullage 
of  a cask,  taken  as  the  middle  frustum  of  a spheroid,  lying 
with  its  axis  parallel  to  the  horizon;  and  the  other  for 
finding  tbc  ullage  of  a cask  standing. 

Again,  on  one  of  the  narrow  sides,  noted  c,  arc,  1st,  a 
line  of  inches,  numbered  I,  2,3,  &c  to  12,  each  sub<ii- 
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Tided  into  10  equal  parts,  A Udc  by  wbicb,  with 

that  of  inches,  is  found  a mean  tliameter  for  h cask,  in  the 
figure  of  the  iniddle  frustum  of  a spheroid  : it  is  marked 
Spheroid,  and  numbered  1,  2,  3,  dec  to  7-  ddly,  A line 
for  finding  the  mean  diameter  of  a cask,  in  the  form  of 
the  middle  frustum  of  a parabolic  spindle,  which  gau- 
gvn  cull  the  second  variety  of  casks ; it  is  therefore 
marked  Second  V'ariety,  and  is  numbered  1,  2,  3,  &c. 
4lhly,  A line  by  which  is  found  the  mean  diameter  of  a 
cask  of  the  third  variety,  consisting  of  the  frustums  of 
two  parabolic  conoids,  abutting  on  acomrooq  base;  it  i> 
therefore  marked  Third  Variety,  and  is  numbered  1,  2, 
3,  &c. 

On  the  other  narrow  face,  marked/,  arc,  1st,  a line  of 
a foot  divided  into  100  equal  parts,  marked  fm.  2dly, 
A line  of  inches,  like  that  before  mentioned,  marked 
3dly,  A line  for  finding  the  mean  diameter  of  the  fourth 
variety  of  casks,  which  is  formed  of  the  frustums  of  two 
cones,  abutting  on  a common  base.  It  is  numbered  I,  2, 

3,  dec  ; and  marked  re,  for  frustum  of  a cone. 

On  the  back  side  of  the  two  sliding  pieces  is  a line  of 
inches,  from  12  to  35,  for  the  whole  extent  of  the  *3  fi'Cl, 
when  the  pieces  are  put  endwise;  and  agtunst  that,  the 
correspondent  gallons,  and  100th  parts,  that  any  small 
tub,  or  the  like  open  vessel,  will  contain  at  1 inch  deep. 
For  the  various  uses  of  this  instrument,  see  the  authors 
mentioned  above,  and  most  other  writers  on  gauging. 

CfiggesAa/I's  SLiuiMCr  Ru/e  is  chiefly  used  in  measuring 
the  superficies  and  solidity  of  timber,  masonry,  brickwork, 
&c.  This  consists  of  two  rulers,  each  a foot  long,  which 
are  united  together  in  various  ways.  Sometimes  they  are 
made  to  slide  by  one  another,  like  glasicrs’  rules  : some* 
tiroes  a groove  is  made  in  the  side  of  a common  two*foot 
joint  rule,  and  a thin  sliding  piece  in  one  side,  and  Cogges* 
haJTs  linos  added  on  that  side;  thus  forming  the  common 
or  carpenter's  rule:  and  sometimes  one  of  the  two  rulers 
is  made  to  slide  in  a groove  made  in  the  side  of  the  other. 

On  the  sliding  side  of  the  rule  arc  four  lines  of  num- 
bers, three  of  which  are  double,  that  is,  are  lines  to  two 
radii,  and  the  fourth  is  a single  broken  lino  of  numbers. 
The  first  three,  marked  a,  b,  c,  are  figured  1,  2,  3,  &c  to 
9:  then  J,  2^  3,^^cto  10;  the  construciion  and  use  of 
them  being  tbc  same  as  those  on  Everard’s  Sliding  rule. 
The  single  line,  called  the  girt  line,  and  marked  D,  whose 
radius  is  equal  to  the  two  radii  of  any  of  the  other  lines, 
is  broken  for  the  easier  measuring  of  timber,  and  figured 

4,  3.  5,  7f  8,  9»  <20,  30,  &c.  From  4 to  3 it  is  di* 

vided  into  10  parts,  and  each  loth  subdivided  into  2 ; and 
so  on  from  3 to  10,  3cc. 

On  tbc  back  side  of  the  rule  are,  1st,  a line  of  inch 
measures,  from  1 to  12 ; each  inch  being  divided  and  sub- 
divided. 2dly,  A line  of  foot  measure,  consisting  of  one 
loot  divided  into  100  equal  parts, and  figured  10,  20,  SO, 
&c.  The  backside  of  the  sliding  piece  is  divided  into 
inches,  halves,  Arc,  and  figured  from  12  to  24;  so  that 
when  the  slide  is  out,  there  may  be  a measure  of  2 feet. 

In  the  carpenter's  rule,  the  inch  measure  is  on  one  side, 
continued  all  the  way  from  1 to  24,  when  the  rule  is  un- 
folded, and  subdividiM  into  Slhsor  half-quarters:  on  this 
side  are  also  some  diagonal  scales  of  equal  parts.  And 
upon  the  edge,  the  whole  length  of  2 feet  is  divided  into 
200  equal  parts,  or  lOOlhs  of  a foot. 

SLING,  a string  instrument,  serving  for  the  ca^itingof 
stones  AfC  with  the  greater  violence.  Pliny,  lib.  75,  chap. 

5,  atributes  the  inveniion  of  the  sling  to  the  Pbcenicians; 


but  Vegetius  ascribes  it  to  the  inhabitants  of  the  Balearic 
iiilands,  w ho  were  celebrated  io  antiquity  for  the  doxiruus 
maiuigt*mcnl  of  it.  Flnrus  and  Strabo  say,  lliosc  people 
bore  Ihrt-e  kinds  of  slings  ; some  longer,  others  shorter, 
which  they  used  according  as  their  cneiuivs  were  more  re- 
mote or  nearer  hand.  Diodorus  adds,  that  the  first  served 
them  for  a headband,  the  2d  f r a girdle,  and  that  the 
third  they  cockslantly  earned  wiih  them  id  theliand.  But 
it  must  be  impossible  to  tell  who  were  the  first  inventors 
of  the  sling,  as  the  instrument  is  so  simple,  and  has  been 
in  general  use  by  almost  all  nations.  The  insirumcul  is 
much  spoken  of  in  the  wars  and  history  of  the  Israelites. 
David  w-as  so  expert  a slingor,  that  he  ventured  to  go  out, 
with  one  in  his  band,  against  the  giant  and  champion  Go- 
liah,  and  at  a distance  sirock  him  on  the  forehead  with 
the  stone.  And  tiiere  were  a number  of  leA-liandcd  men 
of  one  of  the  triues  of  Israel,  who,  it  is  said,  could  sling  a 
•tone  at  an  hair's  breadth.  Judges,  ch.  20,  v.  i5. 

The  motion  of  a stone  discharged  from  a sling  arises 
from  its  centrifugal  force,  when  whirled  round  in  a circle. 
Tbe  velocity  with  wbicb  it  is  discharged,  is  the  same  as 
that  wbicb  it  bad  in  the  circle,  being  much  greater  than 
what  can  he  given  to  it  by  the  band  alone.  And  tbe  di- 
rection in  which  it  is  discharged,  is  that  of  the  tangent  to 
the  circle  at  tbe  point  of  discharge.  Whence  its  iuouon 
and  efieci  may  be  computed  as  a projectile. 

SLUICE,  a Watergate,  a floodgate,  a vent  for  water.  . 

SLUSE,  or  Slusius  (Rtn^  Franci*  fFaiur),  of  Vise,  a 
small  town  in  the  county  of  Liege,  where  he  enjoyed  ho- 
nours and  preferment  He  became  abbe  of  Aroas,  canon, 
counsellor  and  chancellor  of  liege,  and  made  his  name 
famous forhis  knowItHleein  theology,  physics,  and  mathr^ 
matics.  The  Royal  Society  of  l>>u<lon  elected  him  one 
of  their  members,  ami  uiM-rted  kcvcrel  of  his  conipoftition» 
in  their  Transaciions.  This  v«-ry  inge  nious  and  learned 
man  died  at  Liege  m 1583,  at  (»3  yeaix  of  ugc. — Of  Slu- 
sius’s  works  there  luavc  been  publisht  d,  some  learned  let- 
ters, and  a work  intitU-d,  Mesidutium  el  Problemata  &o- 
lida;  besides  the  following  pieces  in  the  Philosophical 
* Transactions,  viz, 

1.  Short  and  Easy  Metboil  of  drawing  Tangents  to 
all  Geometrical  Curves ; vul.  7,  pa.  5143. 

2.  Demonstration  of  the  same  ; vol.  8,  pa.  5039* 

3.  On  the  Optic  Angle  of  .'\lhazen ; vol.  8,  pa.  5139' 

SMEATON  (Jomm),  f.  r.  s.  and  a very  ceiebrated 

civil  engineer,  was  born  1724,  at  Austhorpe,  near  LiinU, 
in  a house  built  by  his  grandfather,  where  the  family  have 
resided  ever  since,  and  where  our  author  died  the  28lh  of 
October  1792,  in  the  59th  year  of  his  age. 

Mr.  Smcttion  seems  to  have  been  born  an  engineer. 
Tbc  originality  of  bis  genius  and  the  strength  of  his  undcr^ 
standing  appeared  at  a very  early  age.  His  plaything* 
were  not  those  of  children,  but  the  tools  men  work  with  ; 
and  be  had  always  more  amusement  in  observing  artificers 
work,  end  asking  them  questions,  than  in  any  thing  else. 
Thus  had  Mr.  Smeaton,  by  the  strength  of  bis  genius,  and 
indefatigable  industry,  acquired,  at  18  years  of  age,  an 
extensive  set  of  tools,  and  the  art  of  working  in  most  of 
the  mechanical  trades;  which  he  continued  to  work  with 
occasionally  to  the  end  of  his  life,  part  of  every  day  when 
at  the  place  where  his  tools  were:  and  few  men  could 
work  better. 

Mr.Sroealon’s  father  was  an  attorney,  and  was  desirous 
of  bringing  his  son  up  to  tbc  same  profession.  He  was 
therefore  sent  up  to  London  ia  17^2,  where  for  some  time 
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attc'odcd  thecourti  in  Wotmimicr  Hall.  Rut,  finding 
that  tbt*  profmion  of  ihr  law  did  not  »uil  the  bent  of  bn 
geiilut,  as  bis  usual  cxprr«ion  was,  he  wrote  a strong  me* 
nional  to  bw  father  on  the  subject,  whose*  good  sense  from 
that  morocat  left  Mr.  Smeaton  to  pursue  the  bent  of  bis 
genius  in  bis  uwu  way. 

Mr.  Smeaton  after  this  continued  to  reside  in  London, 
and  about  the  yvAX  1730  he  commenced  philosophical 
instrument  maker,  wliicb  he  continued  for  some  time, 
ai»d  bcCHinc  acquainted  with  most  of  the  ingenious  men 
of  that  time.  This  same  year  he  made  bis  first  comrouni- 
cation  to  the  Royal  Society,  being  an  account  of  Ur. 
Knight  s improvements  of  the  mariner's  compass.  Conti- 
nuing  bis- very  useful  labours,  and  making  experiments,  he 
coromuaicaU'd  to  that  learned  body,  the  two  following 
years,  a number  of  other  ingenious  iraprovenients,  in  the 
arts  and  sciences. 

In  1733  ha  waft  elected  a member  of  the  Royal  So- 
cialy;  and  in  1739  be  was  honoured  with  their  gold  me- 
dal, for  his  paper  concerning  the  natural  powers  of  water 
and  wind  to  turn  mills,  and  other  machines  depending  on 
a circular  motion.  This  paper,  he  says,  was  the  result 
of  experiments  made  on  working  models  in  the  years 
1732  and  1733,  but  not  communicated  to  the  Society 
till  1739,  having  in  the  interval  found  opportunities  of 
putting  the  result  of  those  experiments  into  real  practice, 
in  a variety  of  cases,  and  for  various  purposes,  to  as  to 
assure  the  Society  he  had  found  them  to  answer.— In 
1734  bis  great  thint  after  experimental  knowledge  led 
him  to  undertake  a voyage  to  llolUnd  and  the  l.ow 
Countries,  where  he  ma^  himself  acquainted  with  most 
of  the  curious  works  of  art  so  frequent  in  those  places. 

In  December  1733,  the  Kdystonc  lighthouse  was  burnt 
down,  and  the  proprietors,  being  desirous  of  rebuilding 
it  in  the  most  substantial  manner,  inquired  of  the  eail  of 
Macclesfield,  Uien  presKient  of  the  Royal  Society,  who 
he  thmight  might  be  the  fittest  person  to  rebuild  it,  when 
he  immi^iately  recommended  our  author.  Mr.  Smeaton 
accordingly  undertook  the  work,  which  he  completed 
with  stona  in  the  summer  of  1739.  Of  this  work  he 
gives  an  ample  description  in  a folio  volume,  with  plates, 
published  m 1791  I * work  which  contains,  in  a gnat 
m(*asun*,  the  history  of  four  years  of  bis  life,  in  which 
the  onginality  of  his  genius  is  fully  displayed,  as  well  as 
his  activity,  industry,  aud  perseverance. 

In  17fi4  Mr.  S.  was  appointed  one  of  Ihr  receivers  of 
the  forfeited  Uerwentwaler  estates,  which  were  applied 
to  the  benefit  ot  Greenwich  Hospital ; which  office  he 
held  till  1777,  when  he  was  prevailed  on  to  resign  it,  in 
favour  of  Sir  John  Turner,  said  to  be  a ton  of  Earl  Sand- 
wich, who  was  then  governor  of  that  hospital,  and  first 
lord  of  the  admiralty.  After  ibis,  Mr.  S.  going  into  full 
employment  as  an  cngin(v*r,  it  would  bo  endless  to  at- 
tempt to  particularise  all  the  great  works  he  so  ably  con- 
ducted; as  mills,  wheels,  engines,  levels,  coiials,  bridges, 
harbours,  3cc,  in  all  of  which  he  was  equally  eminent. 
Particularly,  he  saved  from  destruction  L/>iidon  Uridge, 
after  ibe  opening  of  its  great  arch.  Indeed,  us  a civil 
engineer,  ^lr.  S.  was  perhaps  unrivalled,  certainly  not  ex- 
celled by  any  one. 

Astronomy  was  also,  for  amusement,  a favourite  pur- 
suit of  Mr.  S.,  and  he  made  several  curious  instruments 
of  thh  kind  for  his  friends,  as  well  as  for  himself;  with 
which,  to  the  lime  of  bis  death,  ho  cantinued  to  make 
many  obaervaliom.  The  chief  of  Mr.  S.'s  publications, 


was  his  History  of  P.dyscone  lighthouse.  Besides  which, 
many  of  bis  irporls  and  memorials,  on  the  difiereni 
works  he  was  conccrncil  in,  were  occasionally  printed  m 
bis  litetiine,  which  have  since  been  collected  and  printed, 
in  3 vols.  4tr>,  to  which  is  prefixvtl  a pn*tty  lull  account 
of  bis  life  and  labours.  He  Ijad  also  inserted  in  the  Phi* 
los.  *rrans.  a considerable  number  of  valuable  papers, 
both  mechanical  and  astronomical,  in  must  of  the  vo- 
lumes from  the  year  1730  to  177fi. 

Ill  1771,  he  became,  jointly  with  his  friend  Mr. 
Holmes,  proprietor  of  the  works  for  supplying  Deptford 
and  Greenwich  with  water ; 'which  by  ihvir  united  en- 
deavourx  they  brought  to  bo  of  general  um*  to  those  they 
were  made  for,  and  moderately  bemficiul  to  them- 
selves. About  the  year  I7«3,  Mr.  Smcalon’s  health 
began  to  decline;  inconsequence  of  which  he  took  the 
resolution  avoid  any  new  undertakings  in  business  as 
much  as  be  could,  that  he  might  thereby  also  have  tho 
more  leisure  to  publish  some  account  of  his  invenliona 
and  works.  Of  this  plan  however  be  got  no  more  exe- 
cuted than  the  account  of  the  EdysCont  lighthouse,  aud 
some  preparations  for  bis  intended  treatise  on  milb.  It 
bad  for  many  years  been  the  practice  of  .Mr.  i>mraton  to 
spend  part  of  the  year  in  London,  and  the  remainder  in 
the  country,  at  his  house  at  Austhurpe  ; on  one  of  these 
excursions  in  the  country,  while  walking  in  his  garden,  on 
the  16th  of  September  1792,  he  was  struck  with  the 
palsy,  which  put  an  end  to  his  useful  life  the  28lh  of 
October  following,  to  the  great  regret  of  a numerous  set 
of  friends  and  ucquaintanct^. 

In  bis  person,  Mr.  Smeaton  was  of  a middle  stature, 
but  broad  and  strong  made,  and  possessed  of  an  excellent 
constitution.  He  had  a great  simplicity  and  plainness  ia 
his  manners:  he  had  a warmth  of  expression  that  might 
appear,  (o  these  who  did  not  know  him  well,  to  border 
on  harshness;  but  such  as  were  more  closely  acquainted 
with  him,  knew  it  arose  from  the  intense  application  of 
his  mind,  which  was  always  in  the  pursuit  of  truth,  or 
In  investigation  of  difficult  subjects.  He 
would  aomeiimcs  break  out  hastily,  wheu  any  thing  was 
said  that  was  contrary  to  his  ideas  of  the  subject ; and  he 
would  not  give  up  any  thing  he  argued  for,  till  liii  mind 
was  convinced  by  sound  reasoning.  A%  a companion,  he 
was  always  entertaining  und  instructive,  and  none  could 
spend  their  time  in  bis  company  without  improvement. 

As  to  the  list  of  his  writings ; besides  Ibi*  Urge  work 
abtivc  mentioned,  being  the  History  of  Edystone  Light- 
house, and  numbers  of  reports  and  memorials,  which 
have  been  printed  in  3 vols.  4to,  as  bi'forc-menlioncd, 
his  communications  to  the  Royal  Society,  and  inserted  in 
their  TruDsactionv,  are  as  follow : 

1.  Account  of  Dr.  Knight's  Improvements  of  the  Ma- 
riner's Com^wss;  an.  1730,  p«i.  513. 

2.  Some  Improvements  in  the  .Air-pump;  an.  1752. 

.1.  An  Engine  for  raising  Water  by  Fire;  bring  an  im- 
pru^ement  on  .Savary’s  construction,  to  render  it  capable 
of  working  itself;  an.  1752. 

4.  Description  of  a new  Combination  of  Pulleys.  Ib. 

5.  Expcnnu'nu  on  a machine  for  measuring  the  Way 
of  a Ship  at  Sea.  An.  1754. 

6.  Description  of  a new  Pyrometer.  Ib. 

7.  Eflccts  of  lightning  on  the  Steeple  and  Church  of 
Ltstwithiul  in  Cornwall.  An.  1737* 

8.  Remarks  on  the  different  Temperature  of  the  Air  at 
Edystonc  Light-bousc,  and  at  Plymouth.  An.  1758. 
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9*  Kxperimrntal  inquiry  concerning  the  natural  powirs 
of  Water  and  Wind  to  turn  milU  and  other  machines  dc* 
pending  on  a circular  motion.  An.  1759> 

10.  On  the  Menstrual  Parallax  arising  from  the  mu- 
tual gravitation  of  the  earth  and  ronun,  its  influence  on 
the  observation  of  (he  sun  and  planets,  ^c.  An.  I7f)d. 

11.  Description  of  a new  method  of  observing  the 
heavenly  bodies  out  of  the  mcridiiin.  An.  I70‘S. 

12.  Observations  on  a Solar  Hclips?.  An.  I70'9* 

13.  IX’scription  of  a new  Hygiomeier.  An.  1771. 

14.  An  Experimental  Examination  of  the  quantity  and 
proportion  of  Mechanical  - Power,  necessary  to  be  em- 
ployed in  giving  different  degrees  of  velocity  to  heavy  bo- 
dies from  a state  of  rest.  An.  177^.  pa.  450. 

In  two  of  those  articles,  vi*,  the  experiments  of  1759 
and  of  1776,  it  may  be  remarked  that  Mr.  Smeaton  has 
manifested  several  incoruiistenck^  and  inaccuracies,  appa* 
rcnily  from  erroneous  notions  concerning  the  Newtonian 
diKilrinr  of  the  force  of  boiiies  in  motion.  Hcncc,  though 
the  experiments  are  good  in  themselves,  from  reasoning 
wrongly  upon  them,  he  fallaciously  infers  that  their  re- 
sults are  contrary  to  ihc  theory,  whlct^  rightly  managed, 
they  tend  to  confirm.  He  dues  nut  prupeily  distinguish 
between  what  he  calls  Mechanical  Povyer,  and  the  New- 
tonian term  Momeutum,  or  quantity  of  motion.  These 
two  powers  are,  from  their  very  definiiioDS,  as  wrii  as 
from  their  nature,  of  diffcreiii  kinds.  The  one  being 
measured  or  estimated  by  its  momeniary  or  instantaneous 
action ; the  other  by  its  action  during  some  certain  time. 
l‘hc  one,  by  its  tlehnition,  is  in  the  compound  ratio  of 
the  mass  of  a body  and  its  velocity  ; or  as  the  product  of 
the  body  and  irs  vel<Kiiy,  and  therefore  simply  as  the  ve- 
locity in  a given  body  : whereas  the  other,  by  its  defini- 
tion, is  estimated  by  the  mass  or  weight  cumpmmded  with 
the  space  it  has  fallen,  or  described,  in  acquiring  its  ve- 
locity : otnd  since,  as  is  well  known,  the  space  fallen  by  a 
body,  is  as  the  square  of  the  velocity  acquired;  it  follow', 
that  this  force  must  needs  be  as  the  square  of  the  velocity 
in  a given  body.  The  Newtonian  momentum  or  force, 
therefore,  and  Mr.  Smeaion’s  mechanical  force  or  power, 
are  two  things  that  are  quite  different  in  their  nature  or 
measure,  and  in  their  mode  of  action;  though  both  may 
produce  true  results  when  applied  to  their  proper  objects. 

SMITH  (Robert)  d.  d.  and  f.  n.a.  It  seems  not  a 
little  remarkable  (hat  1 have  not  met  with  any  account  of 
the  life,  or  death,  or  works  of  Dr.  Smith,  a man  who, 
from  bis  connections  and  situation  and  works,  has  so  well 
deserm)  of  (he  literary  world.  It  barely  appears,  that  he 
was  the  maternni  cousin  of  the  celebrated  Roger  Cotes, 
whom  he  succeeded,  in  the  ^ear  1716,  as  Plumian  pro- 
fessor at  Cambridge;  that  he  became  master  of  Trinity 
College  there  ; that  be  published  some  of  the  works  of 
his  cousin  Coles;  as,  his  Hydrostatical  and  Pneumatical 
lo’ctures,  in  8vo,  1737  ; also  a collection  of  Mr.  Cotes’s 
pieces  from  the  I'hilosophical'rransactions,  and  elsewhere, 
iiml  his  Harmonm  MenMirarum,  with  a large  coinmentiny, 
5cc,iti  one  vul.  4(o,  1722  : that  Dr.  Smith  published  alvo 
two  excellent  works  of  his  owrn,  vib,  hU  complete  System 
of  Optics,  in  2 v(»U.  4to,  I72S;  and  his  Harmonics,  or 
the  Philosophy  of  Musical  Sounds,  dtc. 

SMOKE,  or  Smoaji-,  a humid  matter  exhaled  in  form 
of  vapour  by  the  action  of  heat,  either  external  or  inter- 
nal; or  smoko  consists  of  palpaMe  particles,  elevated  by 
means  of  the  rarefying  heat,  or  by  the  force  of  the  ascend- 
ing current  of  air,  from  certain  bodies  exposed  to  heat ; 


wrhich  particles  vary  much  in  their  properties,  according 
to  the  substances  from  which  they  are  produced. 

Sir  Isaac  Newton  observes,  that  »inokc  aacuuds  in  the 
chimney  by  the  impulvc  of  the  nir  it  floats  in:  for  that 
air,  bt'ing  rarrhed  by  the  heat  of  the  tiic  underneath,  has 
its  spi'Cthc  gravity  diminished  ; and  thus,  being  disposed 
to  aKCi-ml  iiseU,  it  carries  up  ihe  smoke  along  with  it. 

I hc  tail  of  a com<t>  the  same  author  supposes,  ascends 
from  the  nucleus  after  the  same  manner.-^bmuke  of  fat 
unctuous  woods,  as  hr,  .beech,  tcc,  makes  what  is  called 
lani|»-blHck. 

I’herc  arc  various  inventions  fur  preventing  and  curing 
smokey  chimneys  : as  the  a*olipiles  of  Vitruvius,  the  ven- 
tiducts of  Cardan,  the  wiiidmilis  of  Ik'rnard,  the  capitals 
of  berlin,  the  little  drums  of  Paduanuv,  and  teveral  arti- 
fices of  De  Lormc.  See  also  the  philosophical  woiks  of 
Dr.  Franklin.  Pans,  resembling  sugar  pans,  placed  over 
the  lops  of  chimneys,  arc  useful  to  make  them  draw 
better;  and  the  fire-grates  called  register-stoves,  are  al- 
ways a sure  remedy. 

In  the  Philosophical  Transactions  is  the  description  of 
an  engine,  invented  by  M.  Dalesme;  which  consumes  the 
smoke  of  nil  kinds  of  wood  so  efl'eciually,  that  the  rye 
cannot  discover  it  in  the  room,  nor  the  nose  distinguish 
the  smell  of  it,  though  the  fire  be  made  in  the  miildleof 
the  door.  It  consists  of  several  iron  hoops,  4 or  5 inches 
in  diameter,  which  shut  into  one  another,  and  is  placed 
on  a trevet. 

The  late  invention  called  Argand's  lamp,  also  consumes 
the  smuke,  and  gives  a very  strung  light.  Its  principle 
is  a thin  hroati  cotton  wick,  rolled  into  the  form  of  a 
hollow  cylinder ; the  air  passes  up  the  boUt^w  of  it,  and 
the  smoke  is  almost  all  consumed. 

Smokf.  Jacit,  is  a jack  fur  turning  a spit,  tun>ed  by 
the  smoke  of  the  kitchen  fire,  by  means  of  thin  iron  sails 
set  obliquely  rm  an  axis  in  (he  flue  of  the  chimney.  Si'e 
Jack. 

SNF.LL  (Rodolpii),  a respectable  Dutch  philosopher, 
was  born  at  Ouderiwaier  in  1546-  He  was  some  time 
professor  of  Ilebiew  and  mathematics  nl  Leyden,  where 
he  died  in  l6l3,  at  67  years  of  age.  He  was  author  of 
several  works  on  geometry,  and  on  all  parts  of  the  philo- 
sophy of  his  time. 

Snell(Wi  LLEHBORD),sonof  Rodolphabuve  mention- 
ed, an  excellent  mRthemattclan,wasbomatLe)dt-nin  1591, 
where  he  succeeded  his  father  I'n  the  mathematical  chair 
in  |6|3,  and  where  he  died  in  I626,  at  only  J3  years  of 
age.  VVillebmrd  Snell  was  author  of  several  ingenious 
works  and.  discov.-ries.  Thus,  it  was  he  who  first  disco- 
vered the  true  law  uf  the  nTraction  of  the  rays  of  light ; a 
discovery  which  he  made  before  it  was  announccti  by  Des- 
carU's,  as  Huygims  assun'a  us.  . Though  the  work  which 
Snell  prepared  on  this  suhject,  and  on  optics  in  general, 
was  never  published,  yet  the  discovery  was  very  well 
known  to  belurg  to  him,  by  several  authors  about  tiis 
time,  who  had  setnilinhis  manusenpu. — He  undeituok 
also  to  measure  the  earth.  This  he  eiWeted  by  measuring 
a space  between  Alcinaer  and  BiTgi  n-op-*ooin,  the  dif- 
ference of  latitude  biiween  these  places  licing  I®  1 1'  30". 
He  also  measured  another  divlance  U’twten  the  parallels 
of  Alcmacrand  Leyden  ; and  from  the  mean  of  both  ihesc 
measurements,  he  made  a degree  to  consist  of  55021 
French  toises  or  fathoms.  These  measori*s  were  after- 
v'nrds  repeated  and  corrected  by  Muschc‘iibri>ek,  who 
found  the  decree  (ucoiitain  57033  toises.— lie  was  author 
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of  a great  many  leariictl  malhemalicul  works,  the  princi- 
pal of  which  nrr, 

t.  Apollonius  Ratavu«;  being  the  rcitomtion  of  some 
loM  pieces  of  Apulloniuf,  concerning  Di  terminate  Section, 
with  the  Secitun  of  a Ratio  and  Space:  in  4to,  1608, 
published  in  hit  J7th  ^ear. 

2.  A curious  tract,  Do  Re  Nummaria;  in  l2mo,  l6l3. 

3.  Erato>lhcnes  Ratuvus  ; in  4to,  1CI7*  Being  the 
work  in  which  he  gives  an  account  of  his  operations  in 
measuring  the  earth. 

.4.  A translation  out  of  the  Dutch  language,  into  Latin, 
of  Ludolpb  vun  CoUen’s  book  De  Circulo  Adscriptis, 
A'C  ; in  4lo,  l6l>)- 

3.  Cyclomeincus,  De  Circuli  Dimensione  &c  j 4to,  162  L 
In  this  work,  the  author  gives  several  ingenious  approxi- 
mations to  the  measure  of  the  circle,  both  arithmetical 
end  geometrical. 

6.  Tiphis  Batavus;  being  a treatise  on  Navigation  and 
Naval  Affairs;  in  4lo,  1624;  a very  well-written  work. 

7>  A posthumous  treatise,  being  four  books  Ductriiitc 
Triangulurutn  Cnoitnica:;  in  8vo,  l6'27>  In  which  arc 
contained  the  canon  of  secants;  and  in  which  the  con- 
struction of  sines,  tangents,  and  secants,  with  the  dimen- 
sion or  calculation  of  triangles,  both  plane  and  spherical, 
are  briefly  and  clearly  treated. 

8.  Hessian  and  Ruheniian  Observations;  with  his  own 
notes. 

9.  Libra  Astronomica  & Philosophical  in  which  he 
undertakes  the  examination  of  the  principles  of  Galileo 
concerning  comets. 

10.  ('uncerning  thcComcl  which  appeared  in  16I8,  &c. 

SNOW,  a well  known  meteor,  formed  by  ihe  freeing 

of  the  vapours  in  the  atmosphere.  It  differs  from  hail  and 
boar  frost  in  being  as  it  were  chr^siallizcd,  which  they 
are  not.  Hiis  appt'ars  on' examination  of  a Hake  of  snow 
by  a magnifying  glass;  when  the  whole  of  it  appears  to 
b<!  Composed  of  tine  shining  spicula  diverging  like  rays 
from  a centre.  As  the  flak<*s  di^ccnd  through  the  atmo- 
sphere, they  arc  cuntinually  joined  by  more  of  these  ra- 
diated spiculu,  and  thus  increase  in  bulk  like  the  drops  of 
ruin  or  haiUturH*s;  so  that  it  seems  as  if  the  whole  body 
of  snow  were  an  mlinite  mass  of  icicles  irn^ularly  figuri-d. 
The  lightness  of  snow,  though  it  is  firm  ice,  is  owing  to 
the  excess  of  its  surface,  in  comparison  to  the  matter 
contained  under  it ; as  even  grild  its*  If  may  be  extended 
in  surface,  till  it  will  float  upon  the  least  breath  «f  air. 

According  to  Bt^ccaria,  clouds  of  snow  differ  in  nothing 
from  clouds  of  rain,  but  in  the  circumstatuc  of  cold  that 
freezes  them.  Both  the  rt-gular  diffusion  of  (he  snow, and 
the  regularity  of  the  structure  of  its  parts,  show  that 
clouds  of  snow  an*  acted  <»o  by  some  uniform  cause  like 
electricity;  and  heendeavour>  to  show  bow  electricity  is 
capable  of  forming  these  figures,  lie  was  confirmed  in 
his  conjectures  by  observing,  that  his  apparatus  f t show- 
ing the  electricity  of  the^atmoophere,  never  failed  to  be 
eUctrififd  by  snow  as  well  as  by  min.  Piofessor  Wintrop 
sometimes  found  his  apparatux  electrified  by  snow  w’hen 
driven  about  by  the  wind,  though  it  bad  not  been  af- 
fected by  it  when  the  snow  ifwif  was  falling.  A more 
intense  electricity,  according  to  Rrccaria,  unites  the  par- 
ticles of  hail  more  closely  ihaii  the  more  moderate  elec- 
tricity does  those  of  snow,  in  the  same  manner  as  we  see' 
that  the  drops  of  rain  which  fall  from  the  thunder-clouds, 
are  larger  than  (hose  which  fall  fiom  others,  though  the 
former  descend  through  a less  space. 


In  the  northern  countries,  the  ground  i»  covered  with 
snow  for  several  months;  which  proves  e.xcediogly  favo- 
vourable  tor  vegetation,  by  presi*rving  the  plants  trom  those 
intense  frosts  which  arc  common  in  such  countries,  and 
which  would  certainly  destroy  them.  Bartholin  ascribes 
great  virtues  10  snow-water,  but  experience  docs  not  seem 
to  warrant  his  assertions.  Snow-wafer,  or  ice-water,  is 
always  deprived  of  its  fixed  nir:  and  those  nations  who 
live  among  the  Alps,  and  use  it  for  their  cotisfanl  drink,  are 
subject  to  affections  of  the  throat,  which  it  is  thought  are 
occasioned  by  it. 

From  some  lute  experiments  on  ihc  quantity  of  water 
yielded  by  snow,  it  ap{>ears  that  the  laUiTgivev  only  about 
one-tenth  of  its  bulk  in  water. 

SOCIL’I’Y,  an  asscniliage  or  union  of  several  Ie*arncd 
persems,  fur  their  mutual  assistance,  improvement,  or  in- 
formation, and  fur  the  promotion  of  philosophical  or 
other  knowledge.  Ihere  arc  various  philosophical  so- 
cieties instituted  in  different  parts  of  the  woild.  See 
Roy.sl  Society. 

Royal  Society  of  En»landy  is  an  academy  or  body  of 
persons,  supposed  to  be  eminent  for  their  learning,  msti- 
tuted  by  king^Cburles  the  2d,  for  promoting  nalurni  know- 
ledge. Tbis  society  origimited  from  an  assembly  of  in- 
genious men,  residing  in  London,  who,  being  inquisitive 
into  natural  knowledge,  and  the  new  and  experimental 
philosophy,  agreed,  about  the  year  1643,  to  mei*t  weekly 
on  a certain  day,  to  discourse  upon  such  subjects.  These 
mrotiiigs,  it  is  said,  were  suggested  by  Mr.  Theodore  Haak, 
a native  of  the  Palatinate  in  Germany  ; and  they  were  held 
sometimes  at  Dr.  Goddard^s  lodgings  in  Wood-street, 
sometimes  at  a convenient  place  in  Chcapside,  and  some- 
times in  or  near  Gresham  College,  'I'his  assembly  seems 
to  be  that  mentioned  under  the  title  of  the  Invisible,  or 
Philosophical  College,  by  Mr.  Boyle,  in  some  letters  writ- 
ten ill  1646  and  1647*  About  the  years  1648  and  1649> 
the  company  which  formed  these  meetings,  began  to  be 
divided,  some  of  the  gemlerncn  rcimoing  to  Oxford,  aa 
Dr.  Walbs,  and  Dr.  Goddard,  w here,  in  cunjunertun  with 
other  gentlemen,  they  held  meetings  also,  and  brought  the 
.study  of  natural  and  ex|K‘rimeniat  philosophy  into  fashion 
there;  meeting  first  in  Dr.  Petty's  lodgings,  afterwards  at 
Dr.  Wilkins's  apartments  in  Wudh.xm  College,  and,  on  his 
removal,  in  the  lodgings  of  IVIr.  Robert  Boyki ; while  those 
genilemcn  who  remained  in  lamdon  continued  their  meet- 
ings as  before.  The  greater  part  of  the  Oxford  .'*‘Ociety 
coming  to  London  about  the  year  1 039,  they  met  once  or 
twice  u week  in  ti'mi-timc  at  Gresham  College,  till  they 
were  dispcr*zd  by  the  public  diairactions  of  that  year, 
the  place  where  they  met  being  made  a quarter  for  sol- 
diers. On  the  rc^toralion,  in  lOtKf,  their  meetings  were 
revived,  and  attemled  by  many  gentlemen,'  eminent  for 
their  character  and  learning. 

They  were  at  length  noticed  hy  the  government, 
and  probably  by  the  ailvicv  of  Sir  J«»nas  .Moore,  the  king 
granted  them  a charter,  first  the  l3th  of  July  1662,  then  a 
more  ample  one  on  the  22d  of  April  l66s,  and  thirdly 
the  8th  of  April  I669  ; by  which  they  wticerected  into  a 
corporation,  “ consisting  of  a president,  council,  and  fel- 
lows, for  promoting  natural  knowledge,”  and  endued  with 
various  privileges  and  authorties. 

Their  mamier  of  electing  members  is  by  baHotirg;  amf 
two-thirds  of  the  members  presenL  i|fc  necessary  tt>  carry 
the  election  in  favour  of  the  candidate.  The  council  con- 
sis»of  2 f members,  including  ibc  president,  vicc-prvsideoL 
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treasurer,  and  two  »crc(aries;  ten  of  whom  go  out  an- 
nually* and  ten  new  members  are  elected  instead  of  them* 
all  chosen  on  St,  Andrew’s  day.  They  bad  formerly  al»o 
two  curators,  whose  business  it  was  to  perform  experiments 
before  the  society. 

Each  member,  at  his  admission,  subscribes  an  enj^age- 
mrnt,  that  he  svill  endeavour  to  promote  the  good  of  the 
society  ; from  which  he  may  be  freed  at  any  time,  by  sig- 
uifying  to  the  president  that  be  desires  to  wilhdrnsv. 

The  charges  are  five  guineas  paid  to  the  treasurer  at  ad- 
mission ; and  one  shilling  per  week,  or  52s.  per  year,  as 
long  as  the  person  continues  a member ; or,  in  lieu  of'  the 
annual  subscription,  a composition  of  25  guineas  in  one 
payment. 

The  ordinary  meetings  of  the  society,  are  once  a week, 
from  Nuvembt'r  till  the  end  of  Trinity  term  the  next  sum- 
mer. At  first,  the  lime  of  met^ting  was  from  3 o'clock  till 
6 in  the  afiorrK>on.  Afterwards,  it  wav  from  6 till  7 in 
the  evening,  to  allow  more  lime  for  dinner,  which  con- 
tinued for  a long  series  of  years,  till  the  hour  of  meeting 
was  removed,  by  the  present  prt*^ideitt,  to  between  8 and 
9 at  nigbt,  that^mlemen  of  fashion,  as  was  alleged,  might 
have  the  opportunity  of  coming  to  attend  the  meetings 
after  dinner;  winch  has  not  been  found  to  atuwer  the 
purpo-w';  besides  that  many  members,  especially  elderly 
persons,  find  it  inconvenient  to  L»c  so  late  out  as  9 of 
o'clock  at  night 

Their  design  is  to  **  make  faithful  records  of  all  the 
w'orks  of  nature  or  art,  which  come  within  their  reach  ; 
so  that  the  present,  as  well  as  after  ages,  may  be  enabled 
to  pula  mark  on  errors  which  have  been  strengthened  by 
long  prescription  ; to  restore  truths  that  have  been  long 
neglected  ; to  push  those  already  known  to  more  various 
uses ; to  make  the  way  more  passable  to  what  remains  un- 
reveah’d,  &c.” 

To  this  purpose  they  have  made  a great  number  of  ex'- 
periments  and  observations  on  roost  of  the  works  of  na- 
ture; as  eclipses,  comets,  planets,  meteors,  mines,  plants, 
carthrpiakes,  inundations,  springs,  damps,  fires,  tides,  cur- 
rents, the  magnet,  dtc:  their  motto  being  Nullius  in  Ver- 
ba. They  have  registered  experiments,  histories,  rela- 
tions, obiuTvalions,  ^c,  and  reduced  them  into  one  com- 
mon stock.  They  have,  from  time  to  time,  published 
some  of  the  most  useful  of  these,  under  the  title  of  Philo- 
sophical Transactions,  &c,  usually  one  volume  each  year. 
Those  papers  that  arc  not  printed, *are  laid  up  in  their  re- 
gisters. 

They  have  u good  library  of  books,  which  has  been 
formed,  and  continually  augnicnliiig,  by  numerous  dona- 
tions. They  bad  also  a museum  of  curiosities  in  nature, 
kept  in  one  of  the  moms  of  their  own  bouse  in  Crane  Court, 
Flecl-stn-fl,  where  they  held  their  mmings,  with  the  great- 
est reputation,  for  many  years,  keeping  registers  of  the 
weather,  and  making  other  expi*riment8 ; for  ail  which 
purpose*  those  apartments  weie  well  adapted.  But,  dis- 
posing of  these  apartmq;its,  in  order  to  remove  into  those 
allotted  them  in  Somerset  Place,  where  having  neither 
room  nor  convenience  for  such  purposes,  the  museum  was 
obliged  to  be  disposed  of,  and  ilieir  useful  meteorological 
registers  disconiinued  for  many  years. 

Sir  Godfrey  Copley,  hart,  lefl  5 guineas  to  be  given  an- 
nually to  the  person  who  should  write  the  best  paper  in 
the  year,  under  the  ligad  of  experimental  philosophy  : this 
reward,  which  is  now  changed  to  n gold  medal,  is  ihu 
higboit  honour  the  ifociety  can  bestow ; and  it  is  conferred 


on  St.  Andreil's  day : but  the  communications  of  lau 
years  have  been  thought  of  so  little  importance,  that  the 
prixe  medal  remains  sometimes  for  years  undisposed  of. 

Indeed,  this  society  now  consists  of  a great  proportion  oC 
honorary  members,  who  do  not  usually  communicate 
papers ; and  many  scientific  members  being  discouraged 
from  making  their  usual  communications,  by  what  is 
deemed  the  pw-st-nl  arbitrary  government  of  the  society, 
the  annual  volumes  have  in  consequence  become  of  much 
less  importance,  both  in  rt>pi  ctof  their  bulk  and  the  qua- 
lity of  their  contents.  The  number  of  home  members  has 
increased  to  about  fiOO ; the  foreign  members  arc  about 
44  in  number. 

Atnfru<fn  PMUo$ophicai  Society,  was  <-subiisbed  at 
Philadelphia  in  the  year  I769il^r  promoting  useful  know- 
ledge, under  the  direction  of  a patron,  a president,  three 
vice-presidents,  u treasurer,  four  secretaries,  aint  three  cu- 
rators. The  first  volume  of  their  Transactions  compre- 
hends a period  of  two  years,  vis,  from  Jan.  1,  2760,  to 
Jan.  1,  1771.  Their  labours  seem  to  have  been  interrupted 
during  the  troubles  in  America,  which  commenced  soon 
after;  but  since  their  termination,  other  volumes  have 
been  published,  containing  a ourabiT  of  very  ingenious  and 
usi'ful  mcmi  ir». 

^jvHTiron  Academy  of  Am  and  SriVmres,  w as  established 
by  u law  of  ibeCoromonwcallh  of  Massachusetts  in  North 
America,  in  the  year  1780. 

bottm  Academy  Am  and  Sciencet,  This  is  a society 
similar  to  the  former,  which  has  lately  been  established  at 
Boston  in  New  England,  under  the  title  of  the  Academy 
of  Arts  and  Sciences  &c. 

Berlin  Society.  The  Society  of  Natural  Historians 
at  Beilin,  wras  founded  by  Dr.  Martini.  There  is  also  a 
philosophical  society  in  the  same  place. 

.&nuse^  Society.  The  Imperial  and  Royal  Academy 
of  Sciences  and  Belles  Lettres  of  Brussels  was  foundi'd  in 
1773.  Several  volumes  of  their  Transactions  have  since 
been  published. 

Dublin  Society.  This  is  an  experimental  society,  for 
promoting  natural  knowledge,  which  was  institute  in 
1777 1 the  members  uii'ct  once  a week,  and  distribute 
three  honarary  gold  medals  annually  for  the  most  approved 
discovery,  invention,  or  essay,  on  any  mathematical  or 
philosophical  subject.  The  weirty  is  under  the  direction 
of  a president,  two  vice-presidents,  and  a kecretary. 

Edinl^r^k  Royal  ot  Society,  succeeded 

the  Medical  SeKiiety,  and  waslormed  upon  the  plan  of  in- 
cluding all  the  ditferent  branches  of  natural  knowledge 
and  the  aritiquitK-*  of  Scotland.  The  meetings  of  ihii  so* 
cicly,  interrupuxl  in  1745,  were  revivt'd  in  1752*  and  in 
1754  the  finyl  volume  of  their  colk*clion  was  published, 
under  the  title  of  Kssays  or  Observations  Physical  and  Li- 
terary, which  has  been  succeeded  by  other  vidumes.  This 
society  has  Urn  lately  incorporated  by  royal  charter,  un- 
der the  name  of  the  Royal  Society  of  Scotland,  instituted 
for  ilm  advancement  of  learning  and  useful  knowledge. 
The  members  are  divided  into  two  classea,  physical  and 
literary  ; and  those  who  are  near  enough  to  Edinburgh 
tti  attend  the  meetings,  pay  a guinea  on  admission,  ard 
the  same  sunMennually.  The  first  meeting  was  held  on 
the  first  Monday  of  August  1783;  when  there  were 
choaen,  a pri'kident,  two  vice-pmidenu,  a secretary,  trea- 
surer, and  a council  of  12  persons.  Several  of  the  vo- 
lumes uftbeirTransactions  have  been  published,  which  are 
very  respectable  both  for  tbuir  magnitude  and  contents. 
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In  Fraaee  (here  have  been  •cvcml  inititutioiu  of  this  kind 
for  (be  improvement  of  science,  besides  (hose  recounted 
under  (he  wo(d  Ac«dcm>  : A*,  the  Royul  Academy  at 
Soiftvoiis,  founded  in  l674  i at  Villefrancbc,  Bcaujolois, 
in  ot  Nismet,  in  id&S;  at  Angeri,  in  16(^5;  the 

Kuyai  Society  at  Montpelier,  in  which  is  so  inti- 

mately connected  with  the  Royal  Academy  of  Sciences  of 
Paris,  as  to  form  with  it,  in  oome  respects,  one  body : the 
literary  productions  of  (his  society  are  published  in  the 
memoin  of  the  tcadcin  v : the  Royal  Academy  of  Sciences 
and  Ik'Hcs  Lettres  al  Lyons,  in  1700;  at  Bourd(*nux,  in 
1703;  at  Marseille*,  in  17^ » at  Hochclic,  in  1734;  at 
Dijon,  in  1740;  at  Pau  in  Beni,  in  17^1 ; at  tk^ziers,  in 
17^;  at'  Mootauban,  in  1744;  at  Hourn,  in  l/4t;  at 
AraieiiH,  in  1730;  at  Toulouse,  in  1730;  at  Uesanfoii,  in 
1739;  at  hirti,  in  I7<10;  at  Arra>,  in  1773;  and  al 
Chalons  sur  Maine,  in  1773.  And  the  National  Inidlute, 
established  at  Paris  in  1794*  For  other  institutions  of  a 
similar  nature,  and  their  literary  productions,  see  the  arti- 
cles Academy,  Juu»m  al,  and  Taa  vsAcrions. 

A/oftcAeslcr  Litcrarjf  and  Pkilonophical  Society,  is  of 
CoiiSklerable  reputation,  and  has  bcc‘u  lately  established 
there,  under  the  direction  of  two  prc»idem*,  four  vico-pre- 
sidents,  and  <wo  secretaries.  The  number  of  members  is 
limited  to  30 ; besides  these  there  are  several  honorary 
members,  all  of  whom  arc  elected  by  ballot;  and  the 
officers  are  chosen  annually  in  April.  Several  valuable 
essays  have  been  already  read  at  the  meetings  of  this  so- 
ciety. 

Sttocastle^upon-^Tyne  Literary  and  PAi'Zo«cpAsea^$<»ciSTY. 
7*bis  society  was  instituted  the  7th  of  February  1793,  un- 
der the  diri'ClKm  of  a president,  four  vice-presidents,  two 
sccn'tarics,  a treasurer,  which  together  with  four  of  the 
ordinary  members  form  a committee,  all  annually  elected 
at  tt  genera)  mcettug.  The  subjtcts  proposed  for  the  con- 
sideration and  imp>ovement  of  this  society,  cumpri'hend 
tJie  matbrmatios,  natural  philosophy  and  history,  che- 
mistry, polite  literature,  antiquity,  civil  history,  biogra- 
phy, questions  of  geneial  lav  and  policy,  commerce,  and 
(hearts.'  From  such  ample  sct»pe  in  the  objects  of  (be 
society,  with  the  known  respectability,  zeaL  and  talents 
of  the  members,  the  greatest  iinproveraenls  and  discoveries 
may  be  expected  to  be  made  in  those  important  branches 
of  useful  k nowledge. 

Several  other  similar  societies  have  been  since  instituted 
at  other  places. 

SOf-UATRS,  the  chief  of  the  ancient  philosophers,  was 
born  at  Alopecc,  a small  villogr  of  Attica,  in  the  4tb  year 
of  the  77th  olympiad,  or  about  46*7  years  before  Christ. 
Sopbroniscus,  his  father,  being  a statuary  or  carver  of 
images  in  Htone,  our  author  followed  th^  same  profession 
for  Some  time,  for  a subsistence.  But  being  naturally 
averse  to  this  employment,  be  only  followed  it  when  ne- 
cessity compelled  him  ; and  on  getting  a little  befurc-hand, 
would  for  a while  lay  it  aside.  These  interraissiuns  of  his 
trade  were  lie^towed  upon  philosophy,  to  which  be  was 
oaturaJly  addicted  ; and  this  being  obsened  by  Crito,  a 
rich  philosopher  of  Athens,  Socrates  was  at  length  taken 
from  his  shop,  and  put  into  a condition  of  philosophising 
at  his  ease  and  leisure. 

lie  h.ad  various  instructors  in  the  sciences, as  Anaxago- 
ras, Archylaus,  Damon,  Prodicus,  to  whom  may  be  added 
the  two  learned  women  Diolyma  and  Aspasia,  of  the  l^st 
of  w hom  he  learned  rhetoric : of  £ucnus  be  leurned  poe- 
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try;  of  Ichomachus,  husbandry;  and  of  Tbeodorus,  geo- 
metry. 

At  leugth  be  began  himself  to  (each  ; ahd  was  so  elo- 
quent, that  bo  could  lead  the  iqind  lo  approve  or  disa|v 
prove  whatever  he  pleased  ; but  never  used  this  laleiit  lor 
any  other  purpose  than  to*couduct  hia  fellow-citiiiiif  into 
the  path  of  viitue.  I'he  academy  of  the  l.ycirum,  ami  a 
pleasant  meadow  without  the  city  on  the  side  of  the  riser 
ll^ssus,  were  places  where  hechiefiy  delivered  his  instruc- 
tions, though  it  seems  be  was  never  nut  of  his  way  in  that 
respect,  as  he  made  use  of  all  times  and  places  for  that 
purpOH'. 

1 le  is  represented  by  Xenophon  as  excellent  in  all  kinds 
of  learning,  and  particularly  instances  ariiliiueiiL,  geoiuo- 
try,  and  astrology  or  astronomy  ; Pluto  menlitmv  natural 
philosophy;  Idoroeneus,  rhetoric;  Laertius,  medicine. 
Cicero  affirms,  that  by  the  testimony  of  all  (ho  learned, 
and  the  judgment  of  all  Greece,  be  was,  os  well  in  wisdom, 
acutenesa,  |>olitcncs»,  and  subtlety,  as  in  eloquence,  va- 
riety, and  richness,  in  whatever  he  applied  himself  to,  w iib- 
oul  exception,  the  phnee  of  alj. 

It  has  been  observe^  by  many,  that  Socrates  little  affi'Ct- 
ed  travel;  bis  life  being  wholly  «pcnt  at  borne,  excepting 
when  he  went  out  upon  military  fervicei.  In  the  IMopon- 
iiiwiuii  war  he  wa»  thnee  personally  engaged:  on  which 
occasiunsit  itsaidhc  outwent  all  thesoldieis  in  hardiness: 
and  if  at  any.  time,  sailh  Aicibiades,  as  it  ollvn  happens  m 
war,  the  p^visions  lulled,  there  were  none  who  could 
U*ar  tlie  want  of  meat  and  drink  like  Socrates:  >e(,  on 
the  other  hand,  in  times  of  teusting,  he  .done  MXMned  to 
enjoy  them  ; nnd  though  of  himself  he  would  not  drink, 
yet  bt'iiig  invited,  bo  far  outdrank  every  one,  though  be 
was  never  sceu  iiiioxicHteJ. 

To  this  great  nhilcm*|)hcr  Greece  was  principally  in- 
debted for  her  glory  and  splendor.  He  formed  the  inars- 
ners  of  the  most  celebraud,  persons  of  Greece,  as  Aici- 
biades, Xenophon,  Plato,  3ec.  Hut  his  great  services  and 
(he  excellent  qualities  of  his  mind  could  nut  secure  him 
from  envy, ‘persccutioo,and  calumny.  *rhe  thirty  tyrants 
forbad  bis  instructing  youth  ; and  os  he  Uerided  the  plu- 
rality of  (he  Pagan  deities  accused  of  impiety. 

The  day  of  trial  being  come,  Socrates  mode  his  own  de- 
fence, without  procuring  an  advocate,  as  the  custom  was, 
to  pleoil  for  him.  He  did  not  defend  himself  with  the  tone 
and  language  of  a suppliunt  or  guilty  person,  but,  as  if  he 
were  master  of  Che  judges  themselves,  with  freedom,  firm- 
ness, and  some  degree  of  contumacy.  Many  of  his  friends 
also  spoke  in  bis  behalf;  and  lastly,  Plato  went  ^ into 
ibe  chair,  and  began  a speech  in  these  words  : **  Though 
I,  Athenians,  am  the  youngest  of  those  that  come  up  into 
this  place” — but  they  slopped  him,  crying  out,  **  of  th«*»e 
that  go  down,”  which  he  was  thereupon  cuuofrained  lo  do ; 
and  then  proceeding  to  vote,  they  condemned  Socratt^  to 
death,  which  was  cflected  by  mi'ons  of  poison,  whc^i  be  was 
70  years  of  agr.  Plato  gives  an  aflectirtg  account  of  his 
imprisonment  and  death,  and  concludes,  **  This  was  the 
end  of  the  best,  the  wisest,  and  the  justest  of  men.”  And 
that  account  of  it  by  Plato,  Tully  professes,  he  could  ne- 
ver read  without  tears. 

As  to  the  person  of  Socrates,  he  i»  represented  as  very 
homely  ; he  was  bald,  had  a dark  complexion,  a fiat  nose, 
eyes  slicking  nut,  and  a severe  downcast  look.  But  the 
defects  of  his  person  were  amply  compensated  by  the  vir- 
tuesand  accoiuplisbmenls  of  his  mind.  Socrolcs  was  in- 
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lUrd  m nan  of  all  virtues ; and  so  remarkably  frugal,  that 
bow  little  soever  he  had,  it  was  always  enough.  When 
he  was  amidst  a gieet  varkHy  of  neb  and  e>if)rnsivc  ob> 
jeets,  he  would  often  say  to  binisdf,  **  How  many  things 
are  there  which  I do  not  waat  !‘^ 

Socrates  had  (wo  r ives,  one*  of  which  was  tl»e  noted 
Xaniippe;  whom  Aultis  Gellius  di-scribes  as  an  accursed 
frowar«j  woman,  always  chiding  and  sculdiug,  by  day  and 
by  night,  and  whom  it  was  said  he  made  choice  of  as  a 
trial  and  exercise  of  his  temper.  Several  instance  are 
rccorditl  of  her  impatience  ami  his  furf>earance.  One 
day,  before  some  of  his  fiiemis,  she  Icll  iiitb  the  uvual  ex- 
travagances of  her  passion  ; when  he,  wiilmut  answering 
a word,  went  abr<^ad  with  them  : hut  on  his  going  out  of 
the  door,  she  mu  up  into  the  chamber,  wikI  thiew  down 
water  upon  his  luad;  upon  which,  turning  to  bi>  friends, 
**  Did  nut  1 tell  you  (says  he),  that  after  >o  much  thunder 
wc  should  have  rain  Another  time  she  pulled  his  cloak 
from  his  shoulders  in  the  open  forum;  and  some  of  his 
friends  advising  him  to  Ixat  her,  “ Ves  (says  be),  that 
while  wc  two  tight,  you  may  all  stand  by,  and  cry,  Well 
done,  Socrates  ; to  him,  Xanlippc." 

'i'ln'y  who  affirm  that  Socrates  wrote  nuthiiig,  mean 
only  in  respect  to  his  philosophy;  for  it  is  attested  and  al- 
lowed, that  he  assisted  Euripides  it)  oompoMug  tragedies, 
anil  wa->  the  nuthur  of  some  pieces  of  poetry.  Dialogues 
also  and  epivtlcs  arc  useribed  to  him  : but  Ins  philosuphi- 
t-iil  divpiitaiioiis  were  committed  to  w riting  only  by  his 
scholars:  aud  that  chiefly  by  Plato.aml  Xenophon.  The 
Utter  set  the  example  to  the  rest  in  doing  it  tirvt,  and  also 
with  the  greatest  punctuality;  us  Plato  did  it  with  the* 
most  liberty,  intermixing  so  much  of  bis  own,  that  it  is 
hardly  possible  to  know  what  part  belongs  to  each. 
Hence  iterates,  hearing  him  recite  bis  Lysis,  cried  out, 
flow  many  things  doth  this  young  man  feign  of  roc  1’* 
Accordingly,  the  greatest  pact  of  his  pliilosophy  is  to  bo 
found  in  the  writings  of  Plato.  To  Socrates  is  ascribed 
the  first  introduction  of  moral  philosophy.  Man  having 
a twofold  relation  to  things  divine  and  human,  bis  doctrines 
were  with  regard  to  the  furiuer  metaphysical,  to  the  latter 
moral.  His  metaphysical  opinions  were  chiefly,  that, 
There  arc  three  principles  of  all  things,  God,  matter,  and 
idea.  God  is  the  universal  intellect ; matter  the  subject 
of  generation  and  corruption  ; idea,  an  incorporeal  sub- 
stance, the  intellect  of  Goil;  God  the  iuteiiect  of  the 
world.  God  is  one,  perti  ct  in  hirnMdf,  giving  the  being 
and  well-being  of  every  creature.— ’I’hat  God,  not  chance, 
made  the  world  an<l  all  creatures,  is  deinonsirablc  from 
the  reasonable  dixposition  of  their  parts,  as  well  for  use  as 
defence ; from  their  care  to  preserve  themselves,  ami  con* 
linue  their  species. — That  he  particularly  regards  man  in 
bis  body,  appv‘nrs  from  bU  noble  upright  form,  and  from 
tlie  gift  of  speech  ; in  his  soul,  from  the  excellency  of  it 
above  others. — That  God  lakes  care  of  all  creatures,  is  de- 
monstrable from  the  benetit  he  gives  them  of  light,  water, 
fiiT,  and  fruits  of  the  earth  in  due  seaiujn.  That  he  hath 
a particular  regard  of  man,  from  the  destination  of  all 
plants  and  creatures  for  his  service  ; from  their  suhyectioo 
to  man,  tht>ugh  they  may  excml  him  ever  so  much  in 
strength  ; from  the  variety  of  man's  aeiiac,  accommodated 
bo  the  variety  of  objects,  for  necessity,  use,  und  pleasure; 
from  reason,  by  which  he  discoaraelh  through  reminiscence 
from  sensible  objects  ; from  speech,  by  which  ho  commu- 
nicates all  he  kiiowsi  ^ves  laws,  and  governs  stales.  Fi- 


nally, that  God,  ihougK  invisible  bianself,  at  once  eeet  all, 
brurs  all,  is  cvuiy  w here,  :uid  orders  all. 

As  to  oibrr  greot  of  metaphyucal  research, 

the  soul,  Socraies  taugbt,  that  it  is  priM:xisteut  to  the 
body,  endmd  with  the  knowledge  of  eternal  uieaa,  which 
in  tti>  union  to  thu  body  it  losdb,  as  stupefied,  until 
awakened  by  diao*ursc  from  sensible  objects;  on  which 
account,  all  il>  learomg  is  only  reminiscence,  a rt'covery 
o(  its  first  kimwledge.  I'bxt  tbe  body,  being  compound* 
ed,  is  tiisvdved  by  death  ; but  thut  the  sou),  being  simpiiv 
poskcth  iulu  another  life,  incapable  of  corrupliim.  'I'hat 
the  souls  of  men  are  divine.  1 hat  the  M»ufi  of  the  good 
after  death  are  in  a happy  state,  united  to  God  in  a blessed 
inaccessible  place;  that  the  bad  in  convsmeiit  places  suf- 
fer condign  punishment. 

All  the  Grecian  st*cts  of  philosophers  refer  their  origin 
to  the discipliiK'  of  Socrates;  particularly  the  Platonics, 
Penpaielio,  Academics,  Cyreitaics,  Stoics,  &c> 

SULAU,  si>rocthiiig  relating  to  the  sun.  Thus,  we  say 
solar  tire  in  coutradistiACiion  to  culinary  tire. 

Solar  OtU  MoiuM.  See  Mux  ru. 

SoLAU  t>c/c.  Si'c  Cycle. 

SoLAH  Comet.  Soe  Discus. 

SuLAK  Eclipitr  it  a privatitm  of  the  light  of  the  |un,  by 
the  intcrpohiiKm  of  tlic  opake  body  ol  the  moon.  See 
Eclipse. 

Solar  A/oaM,  Rismgf  ^ois.  Sec  the  sutitan'.ivcs. 

Solar  Sysiew,  the  order  and  disposition  of  ibe  several 
heavenly  bodies,  which  revolve  touiid  tin-  sun  as  the  centia 
of  their  motion;  vis,  the  {danets,  primary  aud  secondary,. 
and  the  comets.  See  System. 

Solar  Veor.  See  Year.  * 

SOLID,  in  Physic^,  a body  whose miaute  parts  arecon^ 
Dccicd  together,  so  us  nut  to  give  way,  or  slip  from  each 
other,  on  the  &mall(*sl  impicssii'R  'l  lie  word  is  used  iis 
tills  sense,  in  contradivliiiciloii  to  fluid. 

Solid,  in  (><*oraetry,  ism  magnitude  extended  in  every 
possible  direction.  'I  bouxb  it  is  ci  mmonly  said  to  be  en- 
dued with  three  dimensions  only,  hngth,  breadth,  and 
depth  or  ibickness.  Hence,  as  all  bodp^*  have  these  three 
dimensions,  and  nothing  but  bodies,  aolid  and  body  are 
often  used  indiscriminately.  The  extreroes  of  solids  are 
surfaces.  That  is,  solids  arc  terminatrd  tilher  by  one 
surface,  as  a gP>bc,  or  by  several,  either  plane  or  cuned.^ 
Ar»d.frumthccircunistancf>s  of  tlu*ic,  solids  arc  distinguish- 
ed into  regular  or  irregular. 

KeguLr  Solids,  are  those  thul  arc  tcRsinatcd  by  re- 
gular and  equal  planes.  These  arc  the  ictiwcdron,  hex* 
ue^lron,  or  cube,  octaedroo,  dodccacdrun,  and  ico$aedron; 
nor  con  thcit*  possibly  be  more  than  these  five  regular  so- 
lids or  bodies,  iinU'ss  perhaps  the  sphere  or  globe  be  con- 
sidered as  one  of  an  tnliniie  number  of  sidn.  these 
articles  severally,  also  the  article  Regular  Boor. 

Inegutar  tkiLiDS,  are  all  such  as  do  not  come  under 
the  detinition  of  regular  oucs:  such  as  cylinder,  cone, 
prism,  pyramid,  die.  Similar  solids  arc  to  one  another  in 
the  triplicate  ratio  of  their  like  sides,  ot  as  the  cubes  of 
the  »me.  Ami  alt  sorts  of  prisms,  as  also  pyramids,  are 
to  one  another  in  the  compound  ratio  of  their  bases  and 
altitudes. 

Solid  e4ngle,  k that  formed  by  three  or  more  plane 
angles  meeting  in  a point ; like  an  angle  of  a die,  or  the 
point  of  a diamond  well  cut.  The  sum  of  all  the  plane 
angles  formiug  a solid  angle,  is  always  less  thau  S6o°| 
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Atlierwlye  they  would  coii«tilute  the  plane  of  a circle,  and 
nut  a auliii.  Si-e  a dif(]ui»ition  on  the  iiuturc  and  tnca> 
•urc  of  suUtI  angles  in  my  Course  of  Mathematics,  vol.  3. 

Jtmo:fjthrrc  qf  Sotins.  Sec  AxMoapuLkt:. 

Solid  Bastion.  Sec  Hast  ION. 

Cubature  of  Souna.  See  Cubatuke  and  SoLiniTT. 

.Measure  fif  a SoLII).  Sec  M ea!»V  KB. 

Solid  Foot.  St'e  rotiT. 

Solid  Numben^  arc  thove  which  arise  froiT>tbc  muiti*> 
plicauon  of  u plane  number,  by  any  other  number  what- 
ever. Thu»,  18  is  a solid  number,  produced  from  the 
plane  number  6 and  8,  or  from  y and  % 

Solid  IHace.  See  Locus.  . 

Solid  ProbUm,  is  one  which  cannot  Ik>  construchnl 
getniK-trically ; but  by  the  intersection  of  a circle  and  a 
conic  stretion,  or  by  ibc  intersection  of  two  conic  m-c- 
lions.  Thus,  to  describe  an  isosceles  triangle  on  a given 
base,  «i9  that  either  angle  at  ibc  base  .shall  be  triple  of  that 
at  the  vertex,  is  a solid  problem,  D»solved  by  the  intersec- 
tion of  a parabola  and  circle,  and  it  serves  to  inscribe  a 
regular  ^ aiven  circle. 

in  like  nmoner,  tom^cribc  an  isosceles  triangle  having 
its  angles  at  the  bnse  each  rc|Kul  to  4 times  that  at  the 
vertex,  tr  a solid  problem,  efiecU-d  by  the  intersection  of 
an  hyperbola  and  a parabola,  and  serves  to  inscribe  a re- 
gular nonagon  in  a given  circle.  And  such  a problem  as 
this  has  four  solutions,  and  no  more  ; because  two  conic 
•eciions  can  intersect  in  4 points  only.'— How  all  such 
problems  arc  cmutructed,  is  shown  by  Ur.  Halley,  irt  iho 
Philos.  Trans,  nura.  188. 

Solid  JiasMTaace.  See  Resistance. 

Surfnees  qf  SoLiDS.  See  Area,  and  Suberiticibs. 

Solid  Theorem.  Six*  Theorem. 

SOLIDITY,  in  Physics,  a properly  of  matter  or  body, 
by  which  it  excludes  every  other  body  from  that  place 
which  ie  poaessed  by  itself.  Solidity  in  this  sense  is  a 
property  common  to  all  bodies,  whether  solid  or  fluid. 
It  is  usually  called  impenetrability  ; but  solidity  expresses 
it  better,  as  carrying  with  it  somewhat  more  of  positive 
than  the  otln'f,  which  is  a negative  idea. 

The  idea  of  solidity,  Mr.  Locke  observes,  arises  from 
the  resistance  we  find  one  body  makes  to  the  entrance  of 
another  into  its  own  |>lace.  Solidity,  he  adds,  seems  the 
most  extensive  property  of  body,  as  being  that  by  which 
we  conceive  it  to  fill  space:  H is  distinguisheil  from  mere 
Bpgce,  by  this  latter  not  being  capable  of  resistance  or 
motion.— It  is  distiuguislieit  from  hardness,  which  is  only 
a firm  cohi‘sii>n  of  the  solid  parts. 

The  difficulty  of  changing  situation  gives  no  mure  soli- 
dity to  the  hardest  body  than  to  the  soltest  j nor  is  the 
hardest  diamond  properly  a Jut  more  solid  than  water. 
Uy  this  we  distinguish  the  idea  of  the  extension  of  body, 
from  that  of  tbc  extension  of  space  : that  of  body  is  the . 
continuity  or  cohesion  of  solid,  si’panible,  moveable 
parts : (hat  of  space  tbc  continuity  of  unsolid,  inseparable, 
immoveable  parts. 

The  Cartesians  however  will,  by  alt  means,  deduce  so* 
)tdily,or,  as  they  Ciill4t,  impenetrability,  from  tbc.naturc 
of  extension  ; they  coiiteml,  that  the  irii*a  of  the  former 
is'conlaim'd  in  that  of  the  latter*,  and  Jience  they  argue 
against  a vacuum.  Thus,  say  they,  one  cubic  foot  of 
exiriisinn  cannot  be  added  to  another  widiout  having  two 
cubic  feet  of  extension  ; for  each  has  in  itself  all  that  U 
required  to  constitute  that  magnitude.  And  hence  they 
conclude,  tliat  every  part  of  space  n solid,  or  iropciiotrw* 
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bio,  as  of  its  own  nature  it  explodes  all  other.  But  the 
conclusion  is  false,  and  the  instance  they  give  follows  Irom 
this,  that  the  parts  of  space  arc  immoveable,  not  from 
their  being  impenetrable  or  solid.  See  Matter. 

Solidity  is  also  \tscd  for  hardness  or  firnmrss;  aa 
opposed  to  fluidity;  via,  wlfcn  body  » considered  either 
as  fluid  or  solid,  or  Isarfl  or  firm. 

!>OLt  uiTY,  in  Geometry,  denotes  the  quantity  of  spura 
contained  in  a solid  body,  or  occupied  by  it ; called  also 
thu  solid  content,  or  the  cubical  Cunrent;  for  all  solids 
arc  measured  by  cubes,  whose  sides  are  inches,  feet,  i»f 
yards,  btc  ; and  hence  the  solidity  of  a body  is  said  to  be 
so  many  cubk  indy  s,  feet,  yards,  &c,  as  will  fill  its  ca- 
pacity or  spare,  or  another  of  an  equal  magnitude.  • 

1 he  solidity  of  a cube,  pnrallelopipedun,  cylinder,  or 
any  other  prismatic  body,  i.  e,  one  whose  parallel  action* 
arc  all  equal  and  similar  throngbout,  is  found  by  multi- 
plying llic  ba'‘c  by  the  height  or  perpendicular  altitude. 
And  of  any  cone  or  other  pyramid,  the  solidity  is  equal 
tOQpc'tliird  part  of  the  same  prism,  because  any  pyramid 
M equal  totbe3d  part  of  its  chrcamscribtng  prism.  Abo, 
because  a sphere  or  globe  may  be  considmd  as  made  up 
of  an  infinite  number  of  pyramids,  whose  basers  form  the 
surface  of  the  globe,  and  thrir  vertices  ail  meet  itf  the 
centre,  or  having  their  common  altitude  equal  to  the  ra- 
dius of  The  globe  ; tberefitre  tbc  solid  content  of  b i» 
equal  to  one-third  part  of  the  product  of  its  radius  and 
surface.  For  tbc  solidity  of  other  figures,  see  each  figure 
separately. 

The  foregoing  rules  are  such  as  arc  derived  from  com- 
mon geometry.  But  there  are  in  nature  imtnberlcssother 
forms,  which  require  (he  aid  of  other  methods  and  prin- 
ciples, as  follows. 

ty  the  Soli  DiTY  of  Bodies  formed  by  <i  Plane  rrcolving 
about  any  Axis^  either  within  nr  xcithout  the  Body. — Con- 
cerning such  bodies,  (here  is  a remarkable  property  or 
itriaiion  between  their  solidity  ai»d  the  path  or  line  de- 
scribed by  the  C(*ntrr  of  gravity  <4  the  revolving  plane; 
via,  ihe  solidity  of  the  body  generated,  whether  by  « 
whole  revolution,  or  only  a part  of  one,  is  always  equut 
to  the  product  arising  from  the  generating  plane  drawn 
Into  the  put!)  or  line  described  by  its  centre  of  gravity, 
(luring  its  motion  in  describing  the  body.  And  this  rule 
holds  true  for  figures  gertenitod  |p'  all  kinds  of  motion 
whatever,  wltelhor  rotatory,  or  direct  or  parallel,  or  ir- 
regularly xigzag,  &c,  provided  the  generating  plane  doea 
not  vuiy,  but  continue  the  same  throughout.  And  the 
same  law  holds  true  also  for  afl  surbees  any  how  gene- 
rated by  the  motion  of  a right  line.  1‘his  is  called  the 
O*ntrobaric  method.  See  Cektrobaric,  and  my  Men- 
surntion,  sect.  3,  .part  4. 

(if  the  Solidity  qf  Bodies  by  the  Method  of  F/rrxioaF— 
This  method  applies  very  advantageously  in  all  cases  also 
in  which  a body  is  conceived  to  be  generated  by  the  revo- 
lution of  a plane  figure  about  an  axis,  or,  which  is  much 
the  same  thing,  by  the  parallel  motion  of  a circle,  gra- 
dually expanding  and  contracting  itself,  according  to  the 
OiOtua*  of  the  generating  plane.  It  is  also  particularly 
useful  for  the  solids  generated  by  any  curvilineal  pl»n» 
figuiTS.  Thus,  let  the  plane  abd  revolve  about  the  axis 
ad;  then  It  will  generau- the  solid  abilc.  Hutasevery 
ordinate  db,  perpendicular  to  the  axis  ad,  di’Scrib<A  a 
circle  BCEE  in  the  revolution,  therefore  tbc  same  solid 
may  be  conceived  as  georraled  by  a circle  bcef,  gra- 
dually expanding  itseli'  larger  and  larger,  and  moving 
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perpendiculnrljr  aloni;  tbe^  a\i»  *ad.  Con^uently  ihc 
arva  of  tliat  circlu  being  drawn  into 
the  Huxiun  of  the  m-iII  proriOce 

the  tluxion  of  (be  aoliU ; Hiui  there- 
foro  liie  (lucnt,  when  taken,  wiU  give 
the  solidity  of  that  body.  11>at  is,  ad 
* circle  ttcr,  (whose  radius  iv  ne,  or 
diameter  hk)  is  the  fluxion  of  ibe  so- 
iidily. 

Hence  then,  putting  ad  =:x,  de  =s 
y,  c = 3'lM6i  because  equal  to  the  area  of  the 

circle  acr  ; Ihercforr  cy'^x  is  the  fluxion  of  the  solid. 
ComA'qutnily  if  the  value,  of  cither  or  x be  U)und  iu 
terms  of  each  other,  from  the  given  et|ualiun  eNpressing 
the  nature  of  the  curve,  and  that  value  be  substiluied  for 
it  in  the  fluxional  expression  ty'xt  the  fluent  of  the  result* 
ing  quantity,  being  taken,  will  be  the  required  solidity  of 
the  Uxly. 

Fill'  £x.  Suppese  the  figorr  to  be  a parabolic  conoid, 
generated  by  the  rotation  of  the  common  parabola  «ne 
about  its  axis  ap.  Jn  this  caNe,  the  equation  of  the 
curve  of  the  paiabola  is  px  where  ;>  denotes  the 

parameter  of  the  axis.  Substituting  tberefure  px  instead 
ofy*,  m the  iluxton  cy*x,  it  becomes  cpix;  and  the  fluent 
of  this  is  \cpx^  = iexy*  tor  the  solidity  ; that  is,  half  the 
product  of  the  base  of  the  soiid  drawn  into  its  altitude; 
tor  is  the  area  of  the  circular  base  Bcr,  and  x is  the 
altitude.  And  so  on  for  other  such  figures.  6ee  the  con- 
tent of  each  solid  under  its  proper  article. 

For  the  SoLlDlTV  irregular  SoUdt^or  %uch  as  cannot 
be  considered  as  ^ncraied  by  any  legubir  motion  or  de- 
scription ; they  must  either  be  considered  as  cut  or  di- 
vidfHi  into  several  parts  of  known  forms,  av  prisms,  or  py- 
ramids, or  wedges,  Acc.  -and  the  contents  of  ihev*  parts 
found  separately.  Or,  in  the  case  of  the  smaller  bouics, 
of  forms  »o  irregular  as  not  to  be  easily  divide*!  in  that 
way,  put  them  into  some  hollow  regular  vevud,  ns  a 
hollow  cylinder  or  parallelopipctloii,  ^tc;  then  pour  in 
water  or  sand  so  ihut  it  may  till  the  vessid  exactly  to  the 
top  of  (he  iiiclu<M.d  irregular  body,  nuiing  the  height  it 
rises  to;  then  take  out  the  body,  and  nuie  the  height  the 
fluid  again  stands  at ; the  difliTence  of  these  two  heights 
IS  lo  hti  considered  as  the  allilutle  of  a prism  of  the  same 
tiase  and  form  as  the  Imllow  vessel ; and  consequently  the 
prmluct  of  tflat  aUituilc  and  base  wilt  be  the  accurntc  so- 
lidity of  the  immerged  bmiy,  be  it  ever  so  irregular. 

sOLSTICF,,  in  AMronomy,  is  the  time  when  the  sun 
is  in  one  of  the  solstitial  points,  that  is,  when  he  is  at  the 
greau*s(  distance  from  the  I'rjuator,  which  is  i»ow  nearly 
23^  28*  on  cither  side  of  it.  It  is  so  called,  because  the 
sun  then  seem«  to  stand  still,  and  not  to.change  his  place, 
AS  to  declination,  either  way.  There  are  two  solstices, 
xn  each  year,  when  (he  sun  is  a(  the  greatest  distance  on 
the  north  and  south  side*  of  the  etjuAtor  ; viz,  the  estival 
or  summer 'olstjcc,  and  the  hyemul  or  winter  solstice. 

The  suimiier  solstice  is  when  die  sun  is  in  the  tropic  of 
Cancer;  which  is  about  the  2Ut  of  June,  whrii  he  makes 
the  longest  day.  And  the  winter  solstice  is  when  hr  en- 
U*rs  the  flisl  degree  ut  Citpricom  ; which  is  about  the  2Jd 
of  Uicembcr,  when  he  makes  the  short/ si  day.— This  is 
to  hi.-,  understood,  as  in  our  northern  hemisphere ; foi  in 
the  souiln  rn,  the  sun’s  entrance  into  Capricorn  makes 
thi'ir  KUiumer  solstice,  aud  that  into  Cancer  the  winter 
- one.  So  that  it  is  more  precise  and  determinate,  to  say 
the  nuribcrn  and  suuibcru  solstice. 
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S()LST1T1.'\L  Poinfs,  are  those  points  of  the  ecliptic 
the  nun  is  in  at  the  runc!i  of  the  two  solvticcs,  being  iho 
firvi  of  Cancer  und  Capricorn,  which  arc  duimetri- 

cally  c<p[>usite  to  (‘uch  other. 

SoLSTiTi  A i.  Co/i/rc,  IS  that  which  passes  through  the 
soUtitial  |K»inL<. 

SOLUTION,  in  Mathematics,  Is  the  answering  or  re- 
solving of  a qtiebtion  or  probtem  tiiat  is  proposed.  See 
Hesoe^tiox,  and  KcDUcriOK  q/' £9^0/40/1#. 

Solution,  in  Physics,  is  the  reduction  of  a solid  or 
firm  body,  into  a fluid  state,  by  means  of  some  mciLslru- 
um. — S*dutlon  is  often  confaunded  witl^what  is  called 
dissolution,  though  there  is  a diflerence. 

SOSlO LNICS,  was  an  Kgyplian  mathematician,  whose 
prihcipnl  .vludus  were  chronology  and  the  iiiathcmatict 
in  geiiiTal,  and  who  flourished  in  the  lime  ol  Julius 
Caesar.  He  is  repiesenied  as  well  versed  in  the  mathe- 
inatics  and  the  usirononiy  of  the  ancients  ; particularly  of 
Ibove  celebrated  nialheinRliriaiiv,  Thales,  Archimedes, 
Ilippaichuv,  Calippus,  and  many  others,  who  hud  un- 
dertaken lo  determine  the  quantiu  of  the  volar  yc'ar; 
wliich  they  had  nvccriained  mucirnearcr  tbe  truth  than 
one  can  well  imagine  they  should,  with  instruments  so 
very  impeifeci;  as  may  appear  by  reference  (u  Ptolemy's 
AlinagiSt.  • 

It  seems  that  Sosigenes  made  gn'at  improvemcnls,  and 
gave  proofs  of  his  being  able  to  demiiRStratc  the  ccitainty 
of  hiv  discoveries  ; by  which  means  he  became  popular, 
and  obtained  repute  wiili  tho»>e  who  had  a genius  to  un- 
derstand and  ndish  such  inquiries.  lienee  he  was  sent 
for  by  Julius  Ca»ar,  who  being  convinced  of  bis  capacity, 
employed  him  in  reforming  the  calenunr ; and  it  was  he 
who  fornitd  the  Julian  year  which  begins  45  years  before 
the  birth  ol  Christ,  iiis  other  works  are  lost  siikc  tJiaC 
penod. 

SOUND,  in  Geography,  denotes  a strait  or  inlet  of 
the  Mra,  between  two  capes  or  head-lands. 

The  Sound  is  uved,  i>y  way  of  eminence,  for  that  ce- 
lebrated strait  which  connects  fbe  German  sea  to  the 
lUiliic.  It  is  situated  between  the  island  of  Zealand  and 
the  coa$t  of  SchoGcn.  It  is  about  I6 leagues  in  length, and 
in  general  about  5 in  breadth,  except  near  the  castle  of 
Cronenberg,  where  it  is  but  one;  so  that  there  is  no  pas- 
sage for  vessels  but  under  tbe  cannon  of  the  fortress. 

Sound,  in  piiysics,  a perception  of  the  mind,  com- 
municated by  means  of  the  ear;  being  an  effect  of  the 
collision  of  bodies,  and  their  consetj«*'nt  tremulous  mo- 
tion, comniunicuted  to  the  ambient  fluid,  and  so  propa- 
gated through  it  to  the  organs  of  hearing. 

To  illustrate  the  cause  of  sound,  it  is  to  be  observed, 
1st,  That  a motion  is  necessary  in  the  sonorous  body  for 
the  production  of  sound.  - 2dly,  That  this  motion  exists 
iinit  in  the  small  and  insensible  parts  of  the  sonorous  b'> 
dies,  and  is  excited  in  them  by  their  mutual  collision 
against  each  other,  which  produces  the  tiemulous  motion 
so  observable  in  bodies  that  have  a clear  sound,  as  bells, 
musical  chords,  &c.  3dly,  '1  bat  this  motion  is  commu- 
nicated In,  or  produces  a like  molion  In  the  air,  or  such 
parts  of  it  as  are  fit  to  receive  and  propagate  it.  Lastly, 
That  this  motion  must  be  communicated  to  iboffe 
parts  that  are  the  proper  and  immediate  instruments  of 
hearing.  / 

Now  that  motion  of  a sonorous  body,  which  is  the  im- 
mediate cause  of  sound,  may  be  owing  to  two  differeiU 
causes;  either  the  percussion  between  it  and  other Aard 
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fti  in  drums,  bells,  chords,  kc ; or  the  beating  and 
dashing  of  the  s«inorous  body  and  the  air  immediately 
against  each  other,  as  in  flutes,  trumpets,  <S:c. 

But  in  both  these  caM’s,  the  motion,  which  is  the  con- 
sequence of  the  niuluariu'tion,  as  well  as  (he  immi‘<iiatc 
muse  of  the  sonorous  motion  which  the  air  conves^s  to 
the  ear,  is  silppqped  to  be  an  invisible,  tremulous  or  un- 
dulating motion,  in  (he  small  and  insensible  parts  of  the 
boily.  IVrrault  adds,  (bat  the  visible  motion  of  the 
grosser  parts  contributes  no  otherwise  to  sound,  than  as 
it  causes  the  invisible  motion  of  the  smallrr  paris|  which 
he  calls  particles,  in  distinguish  them  fmm  (hesv'nsiblc 
ones,  winch  he  calls  parts,  and  from  the  smallest  of  all, 
which  are  called  corpuscles. 

Thu  sunomus  b(K)y  having  made  its  impn-ssion  on  the 
contiguous  air,  that  impression  is  propagated  from  one 
particle  to  another,  according  to  the  laws  of  pneumatics. 
A lew  particle*,  for  instant  e,.diivrn  from  the  surtacc  of 
(he  body,  push  or  po’ss  their  adjac<  Dt  particles  into  a less 
space : and  the  medium,  as  it  is  thus  rareheil  in  one  place, 
becomes  condensed  in  the  other  ; but  the  air  thus  cum- 
pn*s»ed  in  the  secon<l  place,  is,  by  its  elasticity,  returned 
back  again,  both  to  its  former  place  and  Its  fmmer  state ; 
and  tiiv  air  cunliguods  to  that  is  compressed ; and  the  like 
obtains  when  the  air  h-st  compressed,  expanding  itself,  a 
new  compression  is  itcnrraied.  Therefore  from  each  agi- 
tation of  the  air  there  aris<  s a motion  in  it,  analogous  to 
the  motion  of  a wavt^on  the  surface  of  the  water;  which 
U called  a wave  or  unduhilion  of  air.  In  each  wave,  the 
particles  go  and  reinm  back  again,  through  very  short 
equal  spaces ; the  motion  of  each  pariiclc  being  analo- 
gous to  the  motion  of  a vibrating  pendulum  while  it  pc'r- 
i^irros  two  oscillations;  mo>t  of  the  laws,  of  the  pendu- 
lum, with  very  little  alteration,  being  applicable  to  the 
fijriner; 

’ Soumis  are  as  various  ns  are  the  means  (bat  concur  in 
producing  them.  The  chief  varieties  result  from  the 
figure,  constitution,  quantity,  dec,  of  the  sonorous  body  ; 
the  manner  of  pcrcuHion,  with  the  velocity,  dec,  of  the 
consequent  vibrations;  the  state  and  cunsututioti  of  the 
medium ; the  disposition,  distance,  dtc,  ol  (he  organ  ; the 
obstacles  between  the  organ  and  the  sonorous  object  and 
the  ailjacqpt  bodies.  The  most  notable  distinction  of 
sounds^arising  from  the  various  dc^reci  and  combiniltions 
of  the  conditions  above  mentioned,  are  into  loud  and  low 
(or  strong  and  weak) ; into  grave  and  acute  (or  sharp  and 
Wlat,  or  high  ami  low);  and  into  long  and  short.  The 
matuigemenl  of  which  is  (he  office  of  music. 

Eular  is  of  opinion,  that  no  sound  making  fewer  vibra- 
tions than  30  in  a. second,  or  more  than  75V),  is  distin- 
guishable by  the  human  ear.  According  to  (his  doctrine, 
the  limit  of  our  hearing,  as  to  acute  and  grave,  is  an 
interval  of  8 octaves.  Tenfam.  Nov. Tlieor.  Mils.  cap.  I, 
sect.  13. 

•Hie  viclocily  of  sound  is  (be  same  with  that  of  (he 
aeiial  waves,  and  d(<es  not  vary  much,  whether  it  go  with 
the  wind  or  against  iu  By  the  wind  indeed  a certain 
quantity  of  air  it  earned  from  one  place  to  another  ; and 
the  si>und  isaccelcruted  while  its  waves  move  through  that 
part  of  the  air,  if  their  direction  be  the  same  as  that  of 
the  wind.  But  as  sound  moves  vastly  swifter  than  the 
wind,  the  acceleration  it  will  hereby  receive  is  but  incon- 
siderable ; and  the  chief  effect  we  can  perceive  from  the 
wind  is,  that  it  increases  and  ditninishca  the  space  of  the 


waves,  so  that  by  help  df  it  the  sound  may  be  heard  to  a 
greater  distance  than  otherwivc  it  would. 

That  the  air  is  the  ufdal  nu-dium  of  sound,  appears 
from  various  ex|ieiini(-nts  in  rurefii-d  and  condensed  air. 
In  an  unexhausted  receiver,  a small  bell  may  be  heard  to 
sometdislance;  but  when  much  exhausted,  it  can  scarce 
be  iieaid  at  the  sniallcsl  distance,  not  at  all  in  a perfect 
vacuum.  When  the  air  is  condensed,  the  sound  is  louder 
in  proportion  to  the  condi*nsation,  or,,  quantity  of  air 
crowded  in;  of  which  there  are  many  instancesin  Hanks* 
bee  s e.spenmenls,  in  Dr.  Prievlley's,  and  others.  Be- 
sides, sounding  bodies  communicate  m inors,  to  distant 
bodies;  for  exiunple,  the  vibrating  moliuns  of  a musicaj 
string  put  others  in  motion,  whose  tension  and  quantity 
of  mutter  dinxm*  their  vibrations  to  keep  lime  with  the 
pulses  of  ail,  propagated  fnira  the  string  that  was  struck. 
Galileo  explains  this  phenomenon  by  observing,  that  a 
heavy  p<  mlulum  may  be  put  in  motion  by  (he  least, 
breath  of  (he  mouth,  provided  the  blasts  be  repeatiHl,  s<»as 
to  keep  time  exactly  with  (be  vibralionv  of  the  {wndolum  ; 
and  also  by  attending  to  the  same  circumstances  of  vi- 
bration, the  nisuig  a large  bell  is  easily  effected. 

It  is  not  air  alone  tifat  is  capable  of  the  impiesiious  of 
sound,  but  water  also;  as  is  manifest  by  striking  a bell 
under  water,  the  sound  of  which  may  plainly  enough  be 
heard,  only  not  so  loud,  and  alv»  a fourth  deeper,  accord- 
ing to  good  judges  in  musical  notes.  And  Mersenne 
says,  a sound  made  under  water  is  of  the  same  tone  or 
note,  a*  if  made  in  air,  and  heard  under  the  water. 

The  real  vehicle  of  souml,  nr  that  by  which  it  is  trans- 
mitted from  (he  sonorous  body  to  the  car,  is  a subject 
that  has  much  engaged  the  attention  of  philosopbeis. 
Kfom  (he  tbove-mentioned  experiments,  in  an  exhausted 
receiver  some  have  concluded,  rather  hastily,  that  air  is 
this  vehicle;  but  though  air  will  convey  sound,  and  even 
though  it  cannot  be  transmitted  through  a vacuum,  yet 
it  does  not  follow  that  air  is  the  only  medium  of  trans- 
mission : this  indeed  is  proved  by  the  experiment  of  strik- 
ing a bell  in  water,  which,  as  above  observed,  may  he 
heard  nearly  as  well  as  when  sounded  in  the  air.  Again, 
solid  bodies  transmit  sound  much  more  readily  than  the 
air : it  has  been  lately  determined,  by  some*experimen(s 
accurately  made  and  Irequeiilly  repeated  in  France  by  Mr. 
Biot,  that  sound  is  iransmitted  through  a solid  bc^y  in 
which  in  open  air  would  require  ^'79  lo  be  con- 
veyed to  the  same  divtaneg,  according  to  the  experiments 
of  the  Academy  of  Sciences. 

The  velocity  of  sound,  or  the  spact*  through  which  it  is 
pVopagated  in  a given  time,  ha»  b^*n  very  differently  esti- 
motml  by  authon  who  have  written  on  this  subject. 
berval  states  it  at  (he  rate  of  5(>n  feet  in  a secomi;  Gas- 
sendusat  1473;  .Mersenne  at  1474;  Duhamei,  in  the 
History  of  the  Academy  of  Sciences  at  Parts,  at  1338 ; 
Newton  at  9bH;  Derham,  in  w buie  measure  Flamsteed 
and  Halley  acquiesce,  at  li4’3.— 'Hie  rrnson  of  ibis.va- 
riety  is  ascribed  by  Derham,  partly  to  some  of  thos<fgen- 
llcmen  using  strings  and  plummet*  instead  of  r<*gular 
pcmJuiums;  and  partly  to  the  too  small  dbtance  bctwi-eu 
the  sonorous  body  and  the  place  of  observation;  and 
partly  to  no  regard  being  had  to  (he  winds. 

But  by  the  accounts  since  published  by  M.  Cussini  do 
'Fhury,  in  the  Memoirs  of  the  Kuyal  Acad,  of  Sciences  at 
Paris,  1738,  where  cannon  were  fired  at  various  great 
diitaaces,  under  many  varieties  of  weather,  aviod,  and 
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other  circun^!»nces,  and  wlicre  the  mcftiiiir*  of  the  dif- 
fcrtnl  places  had  liccn  scUlcd  with  the  utmost  cxactncii»» 
it  was  found  that  sound  wa»  propagated,  on  a medium^  at 
the  rale  of  1038  French  feet  in  a second  of  time.  But 
the  French  fool  is  in  proportion  to  the  English  us  15  to 
16;  and  consequently  1038  Fnmeh  feel  are  wjual  tol  107 
English  feel,  'i  hercl'orc  the  difhTcnce  of  the  measures  <«f 
Perhum  and  Cic^sini  is  35  English  fi'et,  or  53  French 
feet,  in  a second.  WhciKetlie  medium  velocity  of  sound 
is  nearly  at  the  rale  of  a mile,  or  5‘280  feet,  in  4}  se- 
conds, or  u leugue  in  14  seconds,  or  13  miles  in  a minute. 
But  gpograpiucai  miles  are  to  English  miles  nearly  us  7 
tp  6;  and  therefore  sound  moves  over  a geographical  mile 
in  54  seconds  nearly,  or  a sea  league  in  l6  seconds. 

Farther,  it  hi  a common  observation,  that  persons  in 
good  health  have  about  75  pulsations,  or  beats  of  the  ar- 
tery althe  wrist,  in  a minute:  consequently  in75  pulsa- 
^ons,  sound  tiles  iibuut  13  EnglUh  miles,  or  Ilf  sea 
miles,  which  is  about  1 English  mik  tti  6 pulses,  nr  a 
league  in  20  pui^.  And  hence  the  distance  of  ubjects 
may  be  found,  by  knowing  the  tunc  employed  by  sound 
in  moving  from  those  objects  to  an  observer  For  ex. 
On  seeing  the  flash  of  a gun  at  aeb,  if  54  beats  of  the 
pulse  at  the  wrist  were  counted  before  the  report  was 
heard;  the  distance  of  the  gun  will  easily  be  fourul  by 
dividing  54  by  20,  which  givi^  2 7 leagues,  or  about  8 
miles. 

On  the  nature,  production,  &c,  of  sound,  sec  tlic  arit* 
cle  Phonics  and  Echo;  also  the  Memoirs  of  the  Acad, 
and  the  Philos.  I'rans.  in  many  places;  Newton,  Prin- 
cipia;  Kirchrr,  Mesurgia  UniversaUs;  Mvrsenne;  Ho- 
Trlli,  flei  Suono;  Burnuulli  and  Euler,  &c,  in  the  Peters- 
burg Memoirs;  Priestley,  Kx(n.t.  and  Observ.  vol. .5; 
Halc^,  Sonorum  Doclriiia  ration-dlis  et  experimcntalis, 
4to,  1/78  ; Pr.  Matthew  Young  on  Sounds  and  Musical 
Strings;  see al.su  an  logcmous  treatise  published  1790,  by 
Mr.  Geo.  Saunders,  on  Tlieatrcs;  in  which  he  elates 
many  cApcnmcnls  made  by  himself,  on  the  nature  and 
propagation  nf  sound.  Jn  this  work,  lie  shows  the  great 
effect  of  water,  and  some  other  bodit'S,  in  conducting  of 
ft<3Uod.  Some  of  his  conclusions  and  observations  arc  as 
follow : 

Earth  may  be  supposed  to  have  a twofold  property 
with  resp«‘Ct  to  sound.  Iking  very  porous,  it  absorbs 
souikI,  which  is  counteracted  by  its  property  of  con- 
ducting M>unda  and  occasions  j^t  to  past  on  a plane,  in 
on  equal  proportion  to  its  progicss  in  air,  unencumbered 
by  any  biKly*  ..  if  a sound  bo  sufliciently  intense  to  im- 
press the  earth  in  its  tremulous  quality,  it  will  be  car- 
ried to  a considrrabie  dii»tanLV,  us  when  the  earth  is 
struck  with  any  thing  hard,  hs  by  the  motion  of  a car- 
riug<-,  horses  feet,  &c.  Plaster  is  proportionally  better 
than  loose  e>irlh  for  corvducting  sound,  as  it  is  more 
compact.  Clollies  of  every  kind,  particularly  woollen 
clui^hs.-arc  very  prejudicial  to  sound:  their  absorption  of 
sound  may  be  compared  to  that  of  water,  which  they 
greedily  imbibe. 

A number  of  people  seated  before  others,  os  in  the  pit 
or  galli-ry  of  a theatre,  do  considerably  prevent  tho  voice 
rcarhins  those  behind  ; and  benco  it  is,  thiit  wc  bear  so 
mtiih  better  in  the  front  of  the  galleries,  or  of  any  sitiia- 
<1  n.  than  Ubmd  others,  though  we  may  be  nearer  to  the 
s:.**aker.  Our  seats,  rising  so  little  above  each  oUier,  oc- 
casion Ibis  defect,  which  would  be  remodied,  could  we 


have  the  seats  to  rise  their  whole  height  above  each  other, 
as  ill  the  ancient  theatres.  PuinC  has  gcnerully  been 
thought  unfavourable  to  >ound,  from  its  being  so  to  musi- 
cal instruments,  whose  effects  it  quiU^  destroys. 

Mu-ical  instruments  mostly  depend  on  (he  vibraiivc  or 
tremulous  properly  of  the  material,  which  a body  of 
colour  hardened  in  oil  roust  very  much  alter;  but  we 
should  distinguish  that  this  regards  tiiu  formation  of 
sound,  which  may  not  altogether  be  the  case  in  the  pro- 
gress of  it.  Water  has  been  little  noticed,  with  respect 
to  its  conducting  sound  ; but  it  will  be  found  to  be  of  the 
greatest  consequence.  1 bad  often  perceived  in  newly- 
flnished  houses,  that  while  they  were  yet  damp,  they 
produced  echoes;  but  that  the  echoing  abated  as  they 
dried. 

Exp.  When  I made  the  following  experiment  there  was 
a gentle  wind ; consequently  the  water  was  proportionally 
agitated.  1 chose  a quiet  part  of  the  river  Thames,  near 
ChclsoH  Hospital,  and  with  two  boats  tried  the  distance 
the  voice  woubl  reach.  On  the  water  we  could  distinctly 
bear  a |>orson  read  at  the  distance  of  140  on  land  at 
that  of  76.  It  should  be  observed,  that  on  land  no  noise 
intervened;  but  on  the  river  some  noise  was  occasioned 
by  the  flowing  of  the  water  against  the  boats ; so  (hat  the 
difh^rence  on  land  uiui  on  water  must  be  much  more. 

Watermen  ol>»ervc,  ibui  when  the  water  is  still,  and 
the  wealluT  quite  calm,  if  no  noise  intervene,  a wliisper 
may  be  heard  across  the  river;  and  that  with  the  current 
it  will  be  carried  to  a mudi  greater  distance,  and  vice 
versa  against  the  current.— Mariners  well  know  the  di^ 
ference  of  sound  on  sea  and  land.  When  a canal  of  water 
was  laid  under  the  pit  floor  of  (be  theatre  of  Argentino, 
at  Rome,  a surprising  difference  was  observed;  the  voice 
has  since  been  heard  at  the  end  very  distinctly,  where 
it  was  before  scarce  dislinguisbable.  It  is  observable  that, 
in  ibis  part,  the  canal  is  covered  with  a brick  arch,  over 
which  there  is  a quantity  of  earth,  and  the  timber  floor 
over  all. 

l‘he  villa  Simonclta  near  Milan,  so  reroarkabic  for  its 
echoes,  is  entirely  over  arcades  of  water.  Another  villa 
near  Rouen,  remarkable  for  iu  echo,  is  built  over  subter- 
raneous cavities  of  water.  A n-servoir  of  water  domed 
over,  near  Stanroore,  has  a strong  echo.  I do  not  remem- 
ber cter  being  under  the  arches  of  a stone  bridge  (hat 
did  not  echo;  which  is  nut  always  (he  case  with  similar 
structure?!  on  land.  A house  in  1.4tmbelh  Marsh,  inha- 
bited by  Mr.  Turtle,  is  very  damp  during  winter,  when  it* 
yields  an  echo  which  abates  a»  the  house  becoau's  dry  in 
summer.  Ktrchcr  observes,  that  echoes  repeat  more  by 
night  than  during  the  day:  be  makes  the  diflcrence  to  be 
double.  Dr.  Pioli  says,  tho  echo  in  Woodstock  park, 
repeated  17  limes  by  day.  and  20  by  night.  And  Addi- 
son's experiment  at  the  Villa  Niinonclta  was  in  a fog,  when 
it  produced  56  n*prtitio|is. 

After  all  thm*  instances,  I think  little  doubt  can  rc- 
main  of  the  influence  water  has  on  sound  ; and  I con- 
clude dial  it  conducts  sound  more  ihaa  any  other  body 
whatever.  Afu^r  water,  stone  may  bo  reckoned  (he  best 
conductor  of  sound.  'I'o  what  cause  it  may  be  attri- 
buted, 1 leave  to  future  enquiries  : I have  conhned  my- 
self to  speak  of  facts  only  as  (hey  appear,  luitone  is  sono- 
rous, but  gives  a harsh  disagrciahlu  tone,  unfavourable  to 
music.  Brick,  in  respect  to  sound,  has  nearly  (be  same 
properties  as  stone.  Fart  of  thu  garden  wail  of  the  late 
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W.  PiU,  etq.  of  Kington  in  Dorvetshirr,  conveys  n whis- 
per to  the  distance  of  near  200  feet.  ^Vood  is  sonorous, 
ccmduciivey  and  vibrative;  of  alt  malenaU  ii  pro<lucrs  u 
tone  the  most  agrtvahic  and  melodious  ; and  it  h therefore 
the  fittest  for  rou»ical  instruments,  and  for  lining  of  ruom» 
.and  theatres. 

The  common  notion  that  whispering  at  one  end  of -a 
long  piece  of  limber  would  be  beard  at  the  other  end,  1 
found  by  ex|Mrriinenl'to  be  erroneous.  A stick  of  timbt*r 
63  feet  long  being  slightly  struck  at  oik*  end,  a sound 
was  heard  at -the  other,  and  the  tremor  very  ^perceptible  : 
which  is  easily  accounu-d  for,  when  we  consider  the  num- 
ber or  length  of  the  fibres  tiiat  compose  it,  each  of  which 
may  be  compared  to  a string  of  catgut. 

for  the  R^eettout  Re/ractioHt  ^c,  SovKO  ; ace  £ciio, 
and  Piiusics. 

Jrticuiaie  Sow  V*  See  Articvlatb. 

Sound,  in  Music,  denotes  a quality  of  the  severnl 
^agitations  of  the  air,  so  as  to  make  music  or  harmony.^ 
Sound  is  the  object  of  music;  which  U oolbhig  but  the 
art  of  applying  sounds,  under  such  circumstances  of  tone 
and  time,  as  to  raise  agreeable  sensations.  The  principal 
affection  of  sound,  by  which  it  bc'Ccmcs  hited  to  have  tbit 
end,  is  that  by  which  it  is  di<«tinguishrd  iiiio  acute  and 
grave.  This  diAerence  dc{iends  on  ihe  lulun*  of  the  sono- 
rous b<xiy  ; the  particular  bgurv  and  quamiiy  of  it;  and 
even  in  ihmuc  cases,  on  the  purl  of  the  bcnly  where  it  is 
struck : and  it  is  this  that  conalitutes  what  are  called  dif- 
ferent tunes. 

The  cause  of  this  difference  appears  lu  be  no  other  than 
the  d^fli^rent  vriocilies  of  the  vibiations  of  the  sounding 
body.  Indeed  the  tmtc  of  a sound  is  found,  by  numerous 
experiment',  to  <Je]M-nd  on  the  nature  of  tlmsc  vibrations, 
whose  differences  we  can  conceive  no  otherwise  than  a.s 
having  difTenmt  velocities : and  since  it  it  proved  that  the 
small  vibrations  of  the  same  chord  are  all  performed  in 
equal  times,  and  that  Ibe  tone  of  u sound,  which  contiiiui^s 
for  tome  time  alter  the  itruke,  it  the  same  from  hrst  to 
last,  it  follows,  that  the  toiM^is  necessarily  cotmecied  with 
a certain  quantity  of  lime  lo  making  each  vibration,  or 
each  wave ; or  that  a certain  number  of  vibrations  or 
waves,  madi*  in  a given  time,  constitute  a certain  and  de* 
terminal!'  tone.  From  this  principle  arc  all  the  pheno- 
mena of  tune  deducotl.  • 

If  the  vibrations  be  ivochronaus,  or  performed  in  the 
same  time,  tbc  souad  is  called  musical,  and  it  said  to  con- 
tinue at  the  same  pitch;  and  it  is  also  accounted  acutrr, 
sharper,  or  higher  than  any  other  sound,  whose  vibrations 
arc  slower,  and  therefore  graver,  Hatter,  or  lower,  than  any 
mher  whose  vibrutiona  are  quicker.  See  Unison. 

From  the  same  principle  arise  wbat  are  called  concords, 
Icc;  which  result  from  tbc  frequent  unions  and  coinci- 
dences of  the  vibrations  of  two  soru>rou8  bodies,  and  con- 
•cqurnily  of  the  pulses  or  the  waves  of  the  air  occasioned 
by  them.  On  tbe  contrary,  the  result  of  less  frequent 
coincidences  of  thoae  vibrations,  is  what  is  called  dis- 
cord. 

Another  considerable  distinction  of«musical  sounds, 
is  that  by  which  they  are  called  long  and  short,  owing  to 
tbe  continuation  of  the  impulse  of  the  edicienl  cause  on 
the  sonorous  body  for  a longer  or  shdrtor  time,  as  in  tbc 
notes  of  a violin  &c,  which  are  made  longer  or  shorter  by 
strokes  of  different  length  or  quickness.  This  continuity 
hi  properly  a successioii  of  severaf  souudv,  or  tbc  effect  of 
sevcimi  dbunct  strokes,  or  repealed  impulses,  on  tbc  sono- 


rous body,  so  quick,  that  we  judge  it  one  coutinued 
sound,  cs|ieciaUy  where  it  is  continued  in  the  same  de- 
gree of  strength;  and  bence  arises  tbe  doctrine  of  mea- 
sure and  time. 

Musical  sounds  are  also  divided  into  simple  and  com- 
pound ; and4hat  in  two  dilTerent  ways.  In  the  first,  a 
sound  is  said  to  be  compound,  when  a number  of  succes- 
sive vibrations  of  the  sonorous  body,  and  the  air,  come  so 
fust  upon.the  ear,  that  uc  judge  ihem  the  same  continued 
soiTnd;  like  as  in  tlie  phenomenon  of  the  circle  of  Hre, 
caused  by  putting  the  lighted  end  of  a stick  in  a quick 
circular  motion  ; where  supposii\g  the  end  of  iho  stick  in 
any  point  of  the  circle,  the  idea  we  receive  of  it  there 
continues  till  the  impression  is  renewed  by  a sudden  ror 
iifrn.  * 

A Simpk  Sou  fr  d tlipn,  with  regard  this  composition, 
should  he  tbe  effect  of  a single  vibialtCMi,  or  of  as  many 
vtbruliofn  at  are  necessary  to  raise  in  us  tbe  idea  of  sound. 
Ill  the  second  sense  of  compositiuii,  a simple  sourtd  is  tb« 
product  of  one  voice,  or  one  invtiument,  6tc. 

A Compoiuid  SotfND  consists  of  tiu'  sounds  of  several- 
distinct  voices  or  instruments  ali  unitn)  ih  the  same  indi- 
vidual time,  and  measure  of  duration,  that  is,  all  striking 
the  air  ti^ether,  whatever  ihrir  other  diHR-miCes  may  be. 
But  in  this  sense  again,  there  is  a twofold  compo^itkm  ; a 
natural  aud  an  artificial  one.  The  natural  composition  is 
that  proceeding  from  tbe  manifold  retketions  of  tbw  first 
sound  from  adjacent  iMKlies,  where  the  reflections  are  not 
so  sudden  as  to  occasina  .echoes,  but  arc  all  in  the  same 
tune  with  the  first  note. 

The  artificial  composition,  which  alooe  comes  under 
the  musician’s  province,  is  that  mixture  of  several  sounds, 
which  being  made  by  art,  the  higredtent  sounds  are  se- 
parable, and  djstinguishabto  'from  one  another.  In  this 
sc'ittc  tbe  distinct  sounds  of  several  voices  or  instruments, 
or  several  notes  of  the  same  instrument,  are  cailcd  viniplo 
sounds,  in  contradistinction  from  the  compound  ones, 
which,  in  order  to  answer  the  end  of  music,  tbc  simples 
must  have  such  an  agm^ment  iu  all  n*lations,  chiefly  as 
to  acutciir^s  and  gravity,  as  that  the  ear  may  receive  tbc 
mixture  with  phavurc. 

Another  dietinclion  of  soands,  with  regard  to  music,  is 
that  by  which  ihey  are  said  to  be  smooth  or  even,  and 
rough  or  barvb,  also  clear  and  honrti*:  thf  cause  of  which 
diffcrrivcc  depentls  on  the  disposition  and  state  qf  the  so- 
norous body,  or  the  circumstances  of  the  place;  but  tbe 
ideas  of  ihq  differences  must  besought  from  observation. 

&nootb  and  rough  sounds  de{>rDd  chiefly  on  the  sound- 
ing body ; of  which  wc  have  a remarkable  instance  in 
strings  that  are  uneven,  and  not  of  the  same  ditnension 
and  constitution  thrmighoat. 

As  to  clear  and  hoarse  iouimIs,  they  depctid  on  cir- 
cumstances that  are  accidental  to  tbe  sonorous  body. 
Thus,  a voice  or  initrument  will  be  hollow  and  hoarse 
if  sounded  within  an  empty  hogshead,  that  yet  is  clear 
and  brigiit  out  of  it : the  ^ect  is  owing  to  tbe  mixture  of 
different  sounds,  niivcd  by  reflectioiss,  which  corrupt  aud 
change  the  species  of  the  primitive  sound. 

For  sounik  to  be  fit  lo  obtain  the  end.  of  music,  they 
ought  to  be  smooth  and  clear,  especially  the  fint;  since, 
without  this,  they  cannot  have  one  certain  and  diveemi- 
blc  tone,  capable  of  being  compared  to  others,  in  a cer- 
tain relation  of  acuteness,  which  the  ear  may  judge  of. 
So  that,  with  Malcolm,  we  tall  that  an  harmonic  or  mu- 
sical sound  which,  being  clear  and  even,  it  agrocmble  to 
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c^r,  and  givc«  a ccrlain  and  discertiible  tuDC  (hence 
called  lunablc  »ouiul),  which  the  subject  of  the  whole 
theory  of  harntt>ny.>— Wood  bus  a purlicular  vibrating 
quality,  owing  to  its  ohiaiicity  ; ami  all  musical  imtru- 
iiienis  iniule  of  this  matter,  arc  of  a thickm*»!i  prupor* 
tioiH'd  to  the  sujicrncies  of  the  wood,  and  tiu-  tone  they 
arc  to  producc.'-'Mctuls  arc  soiiorous  and  vibrativc,  pro> 
ducing  a harsh  tune,  very  serviceable  to  5.onae  parts  of 
music.  Must  wind  instrumciifsare  made  of  mc[Rl,  which 
is  acted  on  in  its  elastic  and  tremulous  quality,  btdng ca- 
pable of  being  reduced  very  thin  for  that  purpose.  In- 
struments of  this  kind  arc  such  as  horns  trumpets,  &c. 
Some  instruinenU  however  depend  more  on  the  form  than 
the  material;  as  flutes,  for  instance,  which,  if  their 
lengths  and  bore  be  the  same,*  ha»c  very  little  difference 
in  their  sounds,  whatever  (he  mister  of  ibcm  may  be. 
See  Harmon iCAt. 

SOUND-BuaR1>,  the  principal  part  of  an  organ,  and 
that  which  makes  (he  whole  machine  ptay>  Tliis  sound- 
board, or  summer,  is  a reservoir  into  which  the  air,  drawn 
in  by  the  bellows,  is  conducted  by  a port-vent,  and  thence 
distributed  into  the  pipes  placed  over  the  holes  of  its  up- 
per part.  This  wind  enters  them  by  valves,  which  open 
by  pressing  upon  tW  stops  or  keys,  after  drawing  the  re- 
gisters* which  present  the  air  from  going  into  any  of  the 
otii^r  pipes  beqte  those  it  is  required  in. 

SouND-fKiort/ denotes  also  a thin  broad  board  placed 
over  the  bead  of  a public  speaker,  to  enlarge  and  extend 
or  strengthen  his  voice.  SuuiuUbuarda,  in  theatres,  are 
found  by  experience  to  he  of  no  service;  ibdr  distance 
from  (he  speaker  being  too  grvat,  to  be  impressed  with 
sufficient  force.  But  sound-boards  immediately  over  a 
pulpit  have  often  ii  good  effect,  when  the  case  is  made  of 
a just  thickness,  and  according  to  certain  principles. 

Bound-/’oj/,  is  a post  placed  withinsidc  of  a violin, 
&c,  as  a prop  between  the  back  and  the  belly  of  the  in- 
strument, and  nearly  under  the  bridge. 

SOUNDING,  in  Navigation,  the  act  of  trying  the 
depth  of  the  water,  and  the  quality  of  the  bottom,  by  a 
line  and  plummet,  or  other  artifice.  At  sea,  there  arc 
two  plummets  used  for  this  purpose,  both  sbap^  like  the 
frustum  of  a cone  nr  pyramid.  One  of  nbese  is  called 
the  band-lead,  weighing  abouthor^lb;  and  the  other 
the  deep-sea-lead,  weighing  from  25  to  30lb.  'Hic  former 
is  used  in  shallow  waters,  and  the  latter  at  great  di- 
stances from  the  shore.  The  line  of  the  hand-lead,  is  about 
25  fathoms  in  length,  and  marked  at  every  two  or  three 
fathoms,  in  this  manner,  via,  at  2 and  3 fathoms  from 
the  lead  there  arc  marks  of  black  leather ; at  5 fathoms 
a while  rag,  at  7 a n d mg,  at  10  and  at  13  black  leather, 
at  15  a white  rag,  and  at  17  a red  one. 

Sounding  with  the  handdead,  which  the  seaman  call 
heaving  the  lead,  is  generally  performed  by  a man  who 
stands  in  (he  main-chains  to  windwrard.  Having  the  lino 
all  ready  to  run  out,wjthoutinterruptiun,  he  holds  it  nearly 
at  the  distance  of  a fathom  from  the  plummet,  and  hav- 
ing swung  the  latter  backwards  and  forwapds  three  or  four 
times,  in  order  to  acquire-  the  greater  velocity,  he  swings 
it  round  his  hea«l,  ami  thence  as  far  forward  us  is  nec»-s- 
sary;  so  that,  by  the  lead's  siuking  whiUt  the  ship  ad- 
vance»,  the  line  may  be  atmusc  pcrpendicalar  when  it 
reaches  the  bottom.  The  piTson  sounding  then  proclaims 
the  depth  of  the  water  in  a kind  of  song  resembling  (he 
crk‘s  of  hawkers  in  a city  4 thus*  if  the  murk  of  5 be 
£lo6C  to  the  surface  of  the  water,  he  calls,  * by  the  mark 


5/  and  as  there  is  no  mark  at  4,  6,  8,  8tc,  he  estimates 
those  numbers,  and  calls,  * by  the  dip  four,  tic*  If  he 
judges  it  to  be  a quarter  or  a half  more  than  any  particu- 
lar nunibiT,  he  calls,  * and  a quarter  5,*  * and  a half  4' 
Ace.  If  he  conceives  the  depth  to  be  thn^;  quarters  more 
than  a particular  number,  he  calls  it  a quarter  less  than 
the  next : thus,  at  4 fathom  be  calls,  * a quarter  K^s 
5,’  and  so  on. 

The  deep* M.a- lead  line  is  marked  with  2 knots  at  20 
fathom,  3 at  30,  4 at  40,  &c,  to  the  end.  It  is  also 
marked  wiih^a  single  knot  at  the  middle  of  wach  interval, 
as  at  2.5,  35,  45  fathoms,  &c.  To  use  this  lead  more  cl- 
fcclimlly  at  sea,  or  in  deep  water  on  the  sca-cnast,  it  is 
u*^ual  previously  to  bring-tn  the  ship,  in  order  to  retard 
her  course:  the  lead  is  then  thrown  as  far  as  possible 
from  the  ship  on  (he  line  of  her  driu,  so  that,  as  u sinks, 
the  ship  drives  more  perpendicularly  over  it.  I'he  pilot 
frelii^  the  h‘ad  strike  the  bottom,  readily  discovers  llte  , 
depth  of  the  water  by  the  mark  on  the  line  nearest  its  ' 
surface.  The  boUum  of  the  lead,  which  is  a little  hol- 
lowed there  for  the  purpose,  being  also  well  rubbed  over 
with  tallow,  retains  the  divtinguishing  marks  of  the  bot- 
tom, as  shells,  oose,  gravely &c,  which  naturaliv  adhere 
to  it. 

The  depth  of  the  water,  and  the  nature  of  the  ground, 
which  are  called  the  soundings,  aie  carefully  marked  in 
the  lug-book,  as  well  to  determine  the  distance  of  the 
place  from  the  shore,  as  to  correct  the  observations  of  for- 
mer pilots.  Falconer.  For  a machine  to  measure  un- 
fathomable depths  of  the  sea,  sec  Altitude. 

SouNDiKO  lAc  yump,  at  sea,  is  dune  by  letting  fall  a 
sinult  line,  with  some  weight  at  the  end,  down  into  the* 
pump,  to  know  what  depth  of  .water  there  is  in  it. 

SOUTH,  one  of  the  four  cardinal  points  of  the  wind, 
or  compass,  being  (hat  which  is  directly  op{)osite  to  the 
north. 

South  Direct  Dials.  Sec  Prime  Fcrticals. 

SOUTHERN  Hemisphere,  ^gns,  ifc,  those  in  the  south 
side  of  the  equator.  « 

SOUTHING,  in  Navigation,  the  difference  of  latitude 
made  by  a ship  in  sailing  to  the  southward. 

SPACE,  dciHites  room,  place,  distance,  capacity,  ex* 
tension,  duration,  &c.  When  space  is  considered  barely 
in  length  between  any  two  bmlics,  it  gives  (he  same  idea 
as  that  of  distance.  When  it  is  considered  in  length, 
breadth,  and  thickness,  it  is  properly  exiled  capacity. 
And  when  considered  between  the  extremities  of  matter, 
which  fills  the  capacity  of  space  with  something  solid, 
tangible,  and  moveable,  it  is  thro  called  extension.  So 
that  exti-mion  is  an  idea  belonging  to  body  only^  but 
space  may  be  considered  without  it-  Therefore  space,  in 
(he  general  signification,  is  the  same  thing  with  distance 
considen^d  every  way,  whether  there  be  any  matter  in  i( 
or  not. 

Space  is  usually  divided  into  absolute  and  relative. 

ylbtolute  Space  is  that  which  is  considered  in  its  owu. 
nature,  without  regard  to  any  thing  external,  which  al- 
ways remains  tht  same,  and  is  infinite  and  immoveable. 

Relative  Space  is  that  moveable  dimension,  or  measure 
of  the  former,  which  our  fcnses  define  by  its  positions  to 
bodies  within  it ; and  this  is  the  vulgar  use  for  immoveable 
space.  Relative  space,  in  magnitude  and  figure,  is  always 
the  same  with  aWtute:  but  it  is  not  necessary  it  should 
be  so  numerically.  Thus,  when  a ship  is  perfectly  at  rest, 
iben  the  places  of  all  things  within  her  arc  ilic  same  both 
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al)<io1utc!y  and  rrlativHy,  and  nothing  change*  its  place  t 
hut,  or  the  contrary,  when  the  ship  is  under  sail,  or  in 
motion,  she  cuiilinually  passes  through  new  parts  of  abso- 
lute space  ; though  all  things  on  board,  considered  rela- 
tively, in  respect  to  the  ship,  may  yet  be  in  the  same 
, places,  or  have  the  same  situation  and  position,  in  regard 
to  one  another. 

The  Citriesians,  who  make  extension  the  essence  of  mat- 
ter, assert,  that  the  space  any  body  takis  up,  is  the  same 
thing  with  the  body  itself;  and  that  there  is  no  such  thing 
in  the  universe  as  mere  space,  void  of  alt  matter ; thus 
making  space  or  extension  a substance.  See  this  disproved 
undcrVacuuM.  Among  thi»se  too  who  admit  a vacuum, 
and  consequently  an  essential  di(h*rencc  between  space  and 
inailcr,  lber\‘ are  some  who  assert  that  space  is  n sub- 
stance. Among  ih^e  we  find  Uravestinde,  Introd.  ad 
PJiiios.sect.  19* 

Others  again  put  space  in  the  same  class  of  beings  as 
time  and  number;  thus  making  it  to  be  no  more  than  a 
notion  of  the  mind.  8o  that  according  to  these  authors, 
aWlute  space,  of  which  the  Newtonians  speak,  is  a mere 
chimera.  Sec  the  writings  of  the  late  bishop  Berkeley. 
Space  and  time,  according  to  Dr.  Clarke,  are  attributes  of 
the  Deity;  and  the  impossibility  of  annihilating  these, 
eveh  in  idea,  it  the  same  svith  that  of  the  neecsiary  exist- 
ence of  the  Deity. 

Space,  in  Geometry,  denotes  the  area  of  any  figure; 
or  that  which  Hits  the  interval  or  disunce  l>etwcen  the 
lines  that  terminate  or  bound  it.  Thus,  the  parabolic 
space  IV  that  included  in  the  whole  pafabola.  The  con- 
clioidal  space,  or  the  cissoidal  space,  it  what  is  included 
svitbiu  the  cavity  of  the  conchoid  or  cissoid.  And  the 
us>mpto(ic  space,  U what  is  Included  between  an  hyper- 
bjlic  curve  and  its  asymptote.  By  the  application  of  al- 
gebra to  geometry,  it  is  demonstrated  that  the  conchoidal 
and  ciMoidal  spaces,  though  infinitely  extended  in  length, 
are  yet  only  finite  magnitudes  or  spaces. 

Space,  in  Mechanics,  is  the  line  a moveable  body,  con- 
sidered as  a point,  is  conceived  to  describe  by  its  motion. 

SB.ANDKFJ.,  or  Spakoeil,  with 
builders,  is  the  space  included  be- 
tween the  Curve  of  an  arch  and  the 
straight  or  right  lines  which  inclose  it; 
as  the  sp.ice  o,  or  b. 

SPEAKING  TVuwprt.  Sec  Spcakmff  Teumpbt. 

SPECIIIS,  ill  Algebra^  arc  the  letters,  symbols,  marks, 
or  character?,  which  rrpniwnt  the  quantities  in  any  opera- 
tion or  equation.  Tliia  short  and  advantageous  way  of 
notation  waschufly  introduced  by  Viela,  a^ut  the  year 
I39O;  and  by  means  of  which  he  made  many  discoveries 
in  algebra,  and  the  theory  of  numbers.  The  reason  why 
Vieta  gave  this  name  of  **j>ccic*  to  the  letters  of  the  alpha- 
bet used  in  algebra,  and  hence  called  Aritbmelica  Specio- 
*a.  seems  to  have  been  in  imitation  of  the  civilians,  who 
call  caseir  in  law  (hat  are  put  abstractedly,  between  John 
a Nokes  and  Toro  a Stiles,  between  a and  b;  supposing 
iboM'  letters  (n  stand  for  any  persons  indefinitely.  Such 
cases  they  call  specie*  ; whence,  as  the  letters  of  the  al- 
phabet will  also  as  well  represent  quantities,  as  ptTrsons, 
and  that  also  indefinitely,  onv  quantity  as  well  as  another, 
they  are  properly  enough  called  species  ; that  is,  general 
symbols,  marks,  or  characters.  Whence  the  literal  alge- 
bra has  Jiincc  been  often  called  Specious  Arithmetic,  or 
Algebra  in  Species, 

Sprrip.5,  in  Optics,  the.  image  painted  on  the  retina  by 
V01..II. 


the  rays  of  light  reflected  from  the  several  points  of  the 
surface  of  an  object,  rt“ceivcd  in  by  the  pupil,  and  col- 
lected in  their  passage  through  the  crystalline,  flee.  Phi- 
losophers have  been  in  great  double  whether  thespecies  of 
objects,  which  give  the  soul  an  occasion  of  seeing,  are  an 
elTusiun  of  (he  substance  of  the  body  ; or  a mere  impres- 
sion which  they  make  on  all  ambient  bodies,  and  which 
these  nil  reflect,  when  in  a proper  disposition  and  distance; 
or  lastly,  whether  they  are  not  some  other  more  subtile 
body,  as  light,  which  receives  all  these  impressions  from 
bodies,  and  is  continually  sent  and  returning  from  one  to 
another,  with  the  different  impres.rion*  and  figuri^s  it  has 
taken.  But  the  modems  have  decided  this  point  by  their 
invention  of  artificial  eyes,  in  which  the  specie*  of  objects 
arc  received  on  a paper,  in  the  same  manner  as  tlicy  are 
received  in  the  natural  eye. 

SPECIFIC,  in  Philosophy,  that  which  is  proper  and  pe- 
culiar to  any  thing;  or  (hat  characterbes  it,  and  distin- 
guishes it  from  every  other  thing.  Thus,  theattracting  of 
iron  is  specific  to  the  loadstone,  or  is  a specific  property 
of  it.  A just  definition  should  contain  )be  specific  no- 
tion of  the  thing  defined,  or  that  which  specifics  and  dis- 
tinguishes it  from  cver^  thing  eUc. 

Specific  Grovi/y,  in  Hydrostatics,  is  the  relative  pro- 
portion of  the  weight  of  bodies  of  the  same  bulk.  See 
Spedjic  Ghavitt. 

Specific  Gniviiy  qf  living  men.  Mr.  John  Robertvtm, 
late  librarian  to  the  Royal  ^cicty,  in  order  to  determine 
the  specific  gravity  of  men,  prepared  a cistern  78  inches 
long,  30  inches  wide,  3U  inches  deep  ; and  having  pro- 
cured 10  men  for  bis  purpose,  the  height  of  each  was  taken 
and  his  weight;  and  afterwards  they  plunged  Miccessively 
into  the  cistern.  A ruler  or  scale,  graduated  to  inches 
and  decimal  parts,  was  fixed  to  one  end  of  the  cistern, 
ami  the  height  of  the  water  shtnvn  by  it  was  noted  before 
each  man  went  in,  and  to  what  height  it  rose  when  he  ire- 
mersctl  himself  under  its  surface.  The  following  table  corr* 
tains  the  Mvcral  reiults  of  his  experimentf  : 


No.  tt 
Men. 

Heijlit. 
F(.  In. 

)b^ 

W»HT 

nited 

Ihrhn. 

Solidiqr. 

Fm. 

Weight 

ofmicr. 

Ib«. 

8p«ei6c 

1 

6 

2 

161 

1-90 

2-573 

160-8 

1 001 

t 

6 lOi 

147 

1-91 

2-586 

161-6 

0901 

3 

5 

9i 

lAfi 

1-85 

2*503 

1 36*6 

0-991 

4 

5 

6i 

140 

204 

2763 

172-6 

0*801 

5 

5 

158 

2*08 

2*817 

176-0 

0*900 

fl 

5 

5i 

1^8 

217 

2-939 

183*7 

0849 

7 

5 

< 

140 

2*01 

2*722 

170*1 

0*823 

S 

5 

12i 

1-79 

2*424 

131*5 

0800 

s 

5 

3} 

I4fi 

1-73 

2*343 

146*4 

0-997 

10 

3 

132 

1*85 

2*305 

156*6 

0 843 

TnS" 

A 

14ti 

1*933 

2-618 

163  6 

0891 

One  of  the  reasons,  Mr.  Robertson  says,  that  induced 
him  to  make  these  experirocnls,  was  a desire  of  knowing 
what  quantity  of  timber  would  be  suflicienl  to  keep  a man 
afloat  in  water,  thinking  that  roost  men  were  specifically 
heavier  than  river  or  common  fresh  water;  but  the  con- 
trary ap|)ears  from  the  trials  above  recited;  for,  except 
the  first,  every  man  was  lighter  than  an  equal  bulk  of  fresh 
water,  and  much  more  so  than  that  of  sea-water.  So  tliat 
if  persons  who  fall  into  water  had  presence  of  mind 
enough  to  avoid  the  fright  usual  on  such  <»ccasions,  they 
might  be  preserved  from  drowning;  and  a piece  of  wtioil 
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not  larger  than  an  oar,  would  buoy  a man  partly  above 
water  as  long  as  he  had  strength  or  spirits  to  keep  bis  bold. 
Philos.  Trans,  vol.  50,  art  5.— From  tbe  last  line  of  the 
table  appears  tbe  m#dium  of  all  tbe  circumstances  of 
height,  weight,  5tc  ; particularly  the  mean  specific  gra- 
vity, 0*ripl,  which  is  about  ^ less  than  common  water. 

SPEd'ACLES,  an  optical  machine,  consisting  of  two 
lenses  set  in  a frame,  and  applied  on  the  nose,  to  assist  in 
correcting  defects  of  tbe  organ  of  sighL— Old  people,  and 
all  presbytee,  use  spectacles  of  convex  lenses,  to  make 
amends  for  the  llutoess  of  the  eye,  which  docs  not  make 
the  rays  converge  enough  to  have  them  meet  in  the  retina. 
Short-sighted  people,  or  myopes,  use  concave  lenses,  to 
prevent  tbe  rays  from  converging  so  fast,  on  account  of 
the  greater  roundness  of  the  eye,  or  smallness  of  tbe  sphere, 
which  is  such  as  to  make  them  meet  before  they  reach  the 
retina.— F.  Cherubin.  a capuchin,  describes  a kind  of 
spectacle  telescopes,  for  viewing  remote  objectswith  both 
eyes  ; and  hence  called  biuuculi.  Though  F.  Rheiia  had 
mentioned  the  same  before  him,  in  his  Oculus  Enoch  cl 
£li».  See  Dikocle.  The  same  author  invi-nled  a kind 
of  spectacles.  With  three  or  four  glasses,  which  performed 
very  well. 

The  ioventiou  of  spectacles  has  been  much  disputed. 
They  were  certainly  uol  known  to  the  ancients.  Fran- 
cisco Rcdi,  in  a Icarneii  treatise  on  spectacles,  conteiuls 
that  they  were  first  invented  between  the  yiiirs  12SOni>d 
1811,  probably  about  1290;  and  adds,  that  Alexander  de 
Spina,  a monk  of  the  order  of  Predicants  of  St.  Catharine, 
at  Pisa,  first  communicated  the  secret,  which  was  of  his 
own  invention,  on  learning  that  another  person  had  it  as 
well  as  himself.  The  author  tclU  us,  that  in  an  old  ma- 
Buscript  still  preserved  in  his  Library,  composed  in  I29d, 
^ctaclca  arc  mentioned  as  a thing  invented  about  that 
tune  : and  that  a celebrated  Jacobin,  oive  Jourdon  de  Ki- 


quantumconque  parvam  poKunt  viderc  in  sufficients  nuig- 
nitudine.  Hence,  and  from  other  passages  in  his  writings, 
much  to  tbe  same  purpose,  Mulyneux,  Ploti,  and  others, 
have  attributed  to  him  the  invention  of  rra  Jing-glasaes. 
Dr.  Smith  indeed,  observjng  that  there  arc  #Jme  mistakes 
in  his  reasoning  on  this  subject,  has  di»pu(ed  his  claim. 
See  Molyneux’s  Dioptr.  pa.  256.  Smith's  Optics,  Rem. 
86—89*  Also  the  artiele  Bacok.  R.  in  this  dictionary. 

SPECULATIV'E  Geometry,  AfatMem/tiict,  iViu/c,  and 
Phiioiophy.  See  the  Sl'bsta{9T1ves. 

SPECULUM,  or  Mirror,  in  Optics,  any  polished  bvdy, 
impervious  to  the  rays  of  light : such  as  polishrd  metals, 
and  glasses  lined  with  quicksilver,  or  any  other  opaque 
matter,  popularly  called  Looking-glasses  ; or  even  the 
surface  of  mercury  or  of  water,  A*c.  For  the  several 
kinds  and  forms  of  specula,  plane,  concave,  and  convex, 
with  their  theory  and  phenomena,  see  Mirror.  And 
fur  their  laws  and  effects,  see  RtrLECTiOR  and  Burx- 
lytc-GUui. 

As  for  the  specula  of  reflecting  telesaopcs,  it  may  here 
be  observed,  that  the  perfection  of  the  metal  of  which 
they  sbuttld  be  made,  consists  in  its  hardness,  whiteness, 
and  Compactness ; for  upon  these  properties  the  reflective 
powers  luid  durability  of  the  specula  depend.  There  are 
various  compositions  recommeniit'd  for  these  specula,  in 
Smiths  Optics,  books,  cb.  2,  sect.  7H7;  also  by  Mr. 
Mudge  in  the  Philos.  Trans,  vol.  67  ; and  in  various  other 
places,  as  by  Mr.  Edwards,  in  the  Naut.  Aim,  for  1787, 
whose  metal  is  tbe  whitest  and  best  of  any  that  1 have 
seen.— For  the  method  of  grinding,  sec  Grin  dimg. 

Mr.  liearne's  method  of  cleaning  a tarnished  specu- 
lum was  this  : get  a little  of  tbe  strongest  soap  ley  from 
the  soap-makers,  and  having  laid  the  speculum  on  a table 
with  its  face  upwards,  put  on  as  much  of  the  ley  as  iL 
Will  bold,  and  let  it  remain  about  an  hour:  then  rub  it 


ualto,  in  a treatise  compoaed  in  1305,  says  expressly,  that  softly  with  a silk  or  muslin,  till  the  ley  is  all  gone ; tlien 
It  ivai  notyet  20  years  since  tbe  invention  of  spectacles.  He  put  on  some  spirit  of  wine,  and  rub  it  dry  with  another 
likewise  quotes  Bernard  Gordon  ia  bis  Lilium  Medicine,  part  of  the  silk  or  muslin.  ]f  the  speculum  will  not  per- 
written  the  same  year,  where  he  speaks  of  a collyrium,  form  well  after  this,  it  must  be  new  polished.  A few 
proper  to  enable  an  old  man  to  read  without  spectacles.  fuint  spots  of  tarnish  may  he  rubbed  off  with  spirit  of 
Muiscbenbroek  obserros,  (Introd.  vnL2,pa.786)  that  wine  only,  without  Use  ley.  Smith's  Optica,  Rem.  p.  107- 
it  is  inscribed  on  the  tomb  of  Salvinus  Armatus,  a noble-  SPHERE,  in  Geometry,  a solid  body  cuutaiived  under 
man  of  Florence,  who  died  in  1317,  that  be  was  the  in-  one  single  unifurm  surface,  every  point  of  which^  equally 
wenlor  of  spectacles.  Du  Cangc^  however,  carries  iheiu-  distant  from  a certain  point  in  the  middle  called  its  cen-^ 
venlioBof  spectacles  further  back  ; assuring  us,  that  there  tre.  Tbe  sphere  may  be  supposed 
is  a Greek  poem  in  manuscript  in  the  French  kings  libra-  to  be  generateil  by  the  revolution 
ry,  which  shows  that  spectacles  were  in  use  in  tbe  year  of  a semicircle  aid  about  its  dia- 
1150;  however  the  dictionary  of  ihoAcadcmy  DclIaCrus-  mrlcr  ab,  which  is  also  called  the 
CB,  under  the  word  Occkiale,  inclines  to  Redi’s  side ; and  axis  of  the  sphere,  and  the  extreme 
quotes  a passage  from  Jourdon's  sermons,  which  says  that  points  of  the  axis,  a and  b,  the 
spectacles  bad  not  been  20  years  in  use;  and  Salvati  has  poles  of  the  sphere;  also  the  mid- 
observed  that  those  sermous  were  composed  between  the  die  of  the  axis  c is  tbe  centre,  and 
yean  1330  and  1336.  half  the  axis,  ac,  the  radius. 

It  is  probable  that  the  first  hint  of  the  construction  and  Propertiea  of  the  arc  as  follow.— 1.  A sphere 

use  of  spectacles,  was  derived  from  the  writings  either  of  may  be  considered  as  made  up  of  an  infinite  number  of 


Albaacn,  who  lived  tn  tbe  13th  century,  or  of  our  own 
countryman  Roger  Bacon,  who  was  born  in  I2l4i,  and 
died  in  1292,  or  1294.  The  following  remarkable  passage 
occurs  in  Bacon’s  Opus  Mujus  by  Jebb,  pa.  352.  vero 
homo  aspiciat  litcras  et  alias  res  minutas  per  medium 
crystalli,  vel  viiri,  vel  alterius  penpieui  suppositi  Uteris, 
et  sit  portio  minor  spherm,  cujus  convexiias  sit  venus 
•Kulum  et  oculus  sit  in  acre,  longc  melius  videbil  literas, 
el  apparebunt  ei  majores.— Ht  ideo  hoc  instrumentum  est 
adle  senibus  et  habentibus  oculus  debiles:  nam  litcram 


pyramids,  whose  Common  altitude  is  equal  to  the.  radius 
of  the  sphere,  their  bases  forming  tbe  surface  of  the 
sphere.  Therefore  the  solid  content  of  the  sphere  is 
equal  to  that  of  a pyramid  whose  altitude  is  the  railius, 
and  its  base  is  equal  to  the  surface  of  the  sphere,  that  is, 
the  solid  content  h equal  to  ^ of  the  product  of  its  ra- 
dius and  surface. 

2.  A sphere  is  equal  tq  ^ of  its  circumscribing  cylin**^ 
der,  or  of  the  cylinder  of  the  same  height  and  diameter,, 
and  therefore  equal  to  the  cube  of  tbe  diaiDoter  mulii- 
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by  or  } of  *7854 ; or  e<)uat  to  double  t cone 

of  tbcume  base  and  height.  Hence  aUo  different  tpberrt 
are  to  one  another  as  tba  cubes  of  tbeir  diametcra.  And 
tbeir  surface*  a*  the  squares  of  the  same  diameters. 

3.  The  surface  or  superficies  of  any  sphere,  is  equal  to 
4 times  the  area  of  its  great  circle,  or  of  a circle  of  the 
same  diameter  as  the  sphere.  Or, 

4.  .The  surface  of  the  whole  sphere  is  equal'to  the  area 
of  a circle  whose  radius  is  equal  to  the  diameter  of  the 
sphere.  And,  in  like  manner,  the  curve  surface  of  any 
segment  Bor,  whether  greater  or  less  than  a hemisphere, 
is  equal  to  a circle  whose  radius  is  the  chord  line  ok, 
drawn  from  (ho  vertex  d of  the  segment  to  the  circum> 
fcrencc  of  its  basc^  or  (he  chord  of  half  its  arc. 

5.  Thu  curve  surface  of  any  segment  or  ronq  of  a 
sphere,  is  also  equal  to  the  curve  surface  of  a cylinder  of 
the  same  height  with  that  portion,  and  of  the  same  dia* 
meter  with  the  sphere.  Also  the  surface  of  the  whole 
sphere,  or  of  a hemisphere,  is  equal  to  the  curve  surface 
of  its  circumscribing  cylinder.  And  the  curve  surfaces 
of  their  correeponding  parts  are  equal,  that  arc  contained 
between  any  two  planes  parallel  to  the  base.  And  conse* 
quentiy  cbe  surface  of  any  segment  or  lone  of  a sphere, 
is  as  its  height  or  altitude. 

Most  of  these  properties  are  contained  in  Archimedes’s 
treatise  on  the  sphere  and  cylinder.  And  many  other 
rules  for  the  surfaces  and  solidities  of  spheres,  their  seg* 
iDcnts,  zones,  frustums,  &c,  may  be  seen  in  my  Mensu- 
ration,  part  3,  seel.  1,  prob.  10, 6tc.  Hence,  if  d denote 
the  diameter  or  axis  of  a sphere,  t its  curve  surface,  c 
its  solid  content,  and  a s *7854  the  area  of  a circle 
Irhose  diameter  is  1 ; then  we  shall,  from  the  foregoing 
properties,  have  these  following  general  values  or  equa- 
tions, viz, 
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Doctrine  qf  the  S9itzvi%.  See  SpiiBaica. 

Prt^t ion  qf  the  SrmviZ.  See  PaojtCTiOK. 

Sriicas  of  Actnritjft  of  any  body,  is  that  determinate 
s|>acc  or  extent  all  around  it,  to  which,  and  no  fiinbcr, 
the  effluvia  or  the  virtue  of  that  body  reaches,  and  in 
which  it  operates  according  to  the  nature  of  the  body. 
Sec  Activity. 


Sphere,  in  Astronomy,  that  concave  orb  or  expanse 
which  invests  our  globe,  and  in  which  the  heavenly  bodies, 
the  tun,  moon,  stars,  planets,  and  comets,  appear  (o  be 
fi.xcd  at  an  equal  distance  from  (he  eye.  This  is  also 
called  (he  sphere  of  the  world ; and  it  is  the  subject  of 
spherical  astronomy, 

'Him  sphere,  as  it  includes  the  fixed  stars,  whence  it  is 
sometimes  callrJ  the  sphere  ot  the  fixed  stars,  is  immense- 
ly great.  So  much  so,  that  the  diameter  of  the  earth's  or- 
bit is  incomparably  small  in  respect  of  it ; and  conse- 
quently (he  centre  of  the  sphere  is  not  sensibly  changed 
by  nny  alteration  of  the  spectator’s  place  in  the  several 
parts  of  the  orbit : but  still  in  ail  point*  of  the  earth’s 
surface,  and  at  all  times,  (be  inhabiunts  have  the  same 
appearance  of  the  sphere;  that  is.  the  fixed  sursseem  to 
possess  the  same  points  in  the  surface  of  (he  qphere.  For, 
our  way  of  judging  of  the  pl&ccs  dtc  of  (be  stars,*  is  to 
conceive  right  lines  drawn  from  the  eye,  or  from  the  cen 


tfc  of  the  earth,  through  the  centres  of  the  stars,  and 
thence  continued  till  they  cut  the  sphere;  olid  the  points 
where  those  lines  so  meet,  are  the  apparent  places  of 
those  flan.  The  better  to  determine  the  places  of  the 
heavenly  bodies  in  the  sphere,  several  circles  are  con- 
ceived to  be  drawn  in  the  surface  of  it,  which  are  called 
circles  of  the  sphere. 

Sphere,  in  Geography,  &c,  denotes  a certain  disposi- 
tion of  the  circles  on  the  surface  of  the  earth,  with  regard 
to  one  another,  which  varies  in  the  different  parts  of  it. 
The  circles  originally  conceived  on  the  surface  of  the 
sphere  of  the  world,  are  almost  all  transferred,  by  ana- 
logy* to  the  surface  of  the  earth,  where  they  are  conceived 
to  bo  drawn  directly  underneath  those  of  the  sphere,  or 
in  the  same  positions  with  them;  ao  that,  if  the  planes  of 
those  of  the  earth  were  continued  to  the  sphere  of  the 
stars,  they  would  coincide  with  the  rrspeclive  circles  ow 
it.  Thus,  we  have  an  horizon,  meridian,  equator,  &c,  on 
the  earth.  And  as  the  equiooctial,  or  equator,  in  the 
heavens,  divides  the  ^bere.  into  two  equal  pans,  the  one 
north  and  the  other  south,  so  does  the  equator  on  the  sur- 
face of  the  earth  divide  its  globe  in  the  same  manner. 
And  as  the  meridians  in  the  heavens  pass  through  the 
poles  of  the  equinoctial,  so  do  those  on  the  earth,  8rc. 
With  regard  then  to  the  position  of  some  of  these  circles 
in  respect  of  others,  we  have  a right,  an  oblique,  and  a 
parallel  sphere. 

A Right  or  Direct  Sphere,  (fig.  4,  plate  32),  is  lft«t 
which  has  the  poles  of  (he  world  ps  in  its  horizon,  aud 
the  equator  sq  in  the  zenith  and  nadir.  The  inhabitants 
of  this  sphere  live  exactly  at  the  equator  of  the  earth,  or 
under  the  line.  They  have  therefore  na  latitude,  nor  no 
elevation  of  (he  pole.  They  can  see  both  poles  of  the 
world  ; all  the  sUrs  rise,  culminate,  and  set  to  them ; and 
the  sun  always  rises  at  right  angles  to  their  horizon,  mak- 
ing their  days  and  nighu  of  equal  length  at  all  times  of 
the  year,  because  (be  horizon  bisects  the  circle  of  the 
diurnal  revolution. 

An  Ohli^  Spiieri,  (fig.  5,  plate  32),  is  that  in  which 
the  equator  eq,  as  also  the  axis  PS.  cuts  the  horizon  no 
obliquely.  In  this  sphere,  one  pole  r is  above  the  hori- 
zon, and  the  other  bdew  it ; and  iherrforo  the  inhibi- 
tants  of  it  see  always  the  former  pole,  but  never  the  lat- 
ter; the  sun  and  stars  Ac  all  rise  and  set  obliquely;  and 
the  days  and  nights  are  always  varying,  becoming  alter- 
nately longer  and  shorter. 

A ParaUel  SpHXRB,(fig.  6,  plate  39), b that  which  his 
the  equator  in  or  parallel  to  the  horizon,  as  well  m all  the 
sun’s  pmHels  of  declination.  Hence,  tlic  poles  are  in 
the  zenith  and  nadir ; the  sun  and  stars  move  alwa)*!  quite 
arouml  parallel  to  the  horizon,  the  inhabitants,  if  any, 
being  just  at  the  two  poles,  having  6 months  continual 
day,  and  6 months  night,  in  each  year;  and  the  greatest 
height  to  which  the  sen  rises  to  them,  is  23^  28’,  or  equal 
to  his  greatest  declination. 

ArmiHnry  or  ArtificuU  Sphere,  ii  an  astronomical  in- 
strument, representing  the  several  circles  of  the  sphere  in 
their  natural  order  ; serving  to  give  an  idea  of  the  ofiice 
and  position  of  each  of  (hem,  and  to  resolve  varkwi  pro- 
blems relating  to  astronomy.  It  is  thus  called,  as  con- 
tbting  of  a number  of  rings  of  brass,  or  other  matter, 
called  by  the  Latiu*  armuiia,  from  tbeir  resembling 
bracelets  or  rings  for  the  arm.  Ry  thu,  it  b distinguish- 
ed from  the  globe,  which,  though  it  has  all  the  circles 
of  the  sphere  on  its  surface,  yet  b not  cut  into  ormillc 
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or  nngst  tu  rcurebcot  tbc  circles  simply  unt)  alone;  but 
exhibits  also  Inc  interroediate  spaces  l^twecn  the  circles. 

ArmilUry  spheres  are  of  ditferent  kinds,  with  regard, 
to  the  poailioo  of  the  earth  in  them ; uhence  they  be* 
come  distinguished  into  PtoUmaic  and  Copernican  ipnercs : 
in  the  first  of  which,  the  earth  is  in  the  centre,  and  in  the 
Utter  near  the  circumference,  according  to  the  position 
which  that  planet  obtains  in  those  systems. 

' The  Ptolemaic  SrHeas.,  is  that  commonly  in  use,  and 
is  represented  in  fig.  (>,  plate  2,  vol.  I,  with  ihp  names  of 
the  several  circles,  lines,  6lc  of  the  sphere  inscribed  upon 
it.  In  the  middle,  on  the  axis  of  the  sphere,  is  a ball  T, 
representing  the  earth,  on  the  surface  of  which  are  the 
circles  dec  of  the  earth.  The  sphere  it  made  to  revolve 
about  the  said  axis,  which  remuhts  at  rest;  by  which 
ineaus  iho  sun’s  diurnal  and  annual  counes  about  the 
r^rtb  arc  represented  according  to  the  Ptolemaic  hypo* 
thesis:  and  even  by  mean-  of  this,  all  prrllems  relating 
to  the  phenomena  of  the  %un  and  earth  are  nniolved,  as 
upon  the  celestial  globe,  and  after  the  samo  manner ; 
which  see  described  under  Globe. 

Copcrmctfn  Si'ifERE,  fig.7,pUte32,  is  very  different  from 
the  Ptolehiaic,  both  in  its  constiluiion  and  use;,  and  is 
more  intricate  in  both.  Indeed  the  instrument  is  in  the 
bands  of  so  few  people,  and  its  use  so  tncousiderablc, 
except  what  we  have  in  the  other  more  common  instiu* 
menis,  particularly  the  globe  and  the  PtoltMnaic  sphere, 
that  any  further  account  of  U is  unnecessary. 

Dr.  Lung  bad  an  annillary  sphere  of  gU&s,  of  a very 
large  sire,  which  is  described  and  represented  in  his  as* 
tronomy.  And  Mr.Tcrguson  constructed  a similar  one 
of  brass,  which  is  exhibited  in  bis  Li'CtUfes,  p.  I9I  &C. 

spherical,  something  relating  to  the  sphere. 

Spberical  An^U,  is  the  angle  formed  ou*tbe  surface 
of  a sphere  or  globe  by  the  circumferences  of  two  great 
circles.  This  angle,  formed  by  the 
circumferences,  is  e(|ual  to  that 
formed  by  the  planes  of  the  same 
circles,  or  equal  to  the  inclination 
of  those  two  planes;  or  equal  to, 
the  angle  made  by  tbeir  tangents  at 
the*  angular  point.  Thus,  the  in* 
clination  of  the  two  planes  cap, 

CBP,  forms  the  spherical  angle  ace,  equal  to  the  tangen* 
tial  angle  rcQ. 

The  measure  of  a spherical  angle,  ace,  is  an  arc  of  a 
great  circle  ae,  described  from  the  vertex  r,  as  from  a 
pole,  and  intercepted  U'lwecn  the  legs  c^  and  CB.  lienee, 
1st,  Since  the  inclination  of  the  plane  cep  to  the  plane 
CAP,  is  every  where  the  same,  the  angles  in  the  opposite 
intcrxi'cliuns,  c and  r,  art*  equal. — 2d,  Hence  the  mea- 
sure of  a spherical  angle  ace,  is  an  arc  described  at  the 
interval  of  a quadrant  ca  or  ce,  from  the  vertex  c be- 
tween the  legs  CA.  CE,^3d,  If  a circle  of  the  sphere 
CF.rGCut  another  AEito,  the  adjacent  angles  a EC  and  bbc 
are  together  equal  to  two  right  angles;  and  the  vertical 
angles  aec,  eef  are  equal  to  one  another.  Also  all  the 
angles  formed  at  the  same  point,  on  the  same  side  of  a 
circle,  urc  equal  to  2 right  angles,  and  all  those  quite 
around  any  p^dnt  equal  to  4 right  angles. 

SpiiEUlCAL  Tn/m^/e,  is  a trmngie  formed  on  the  sur- 
face of  a sphere,  by  the  intersecting  arcs  of  three  great 
circles;  as  the  triangle  ace. 

Spherical  trianglrs  arc  either  right-angled,  oblique, 
equilateul,  i&oscelo,  or  ccalenc,  in  the  same  manner  as 


plane  triangli's.  They  are  also  kdd  to  be  qnadrantai. 
when  they  have  one  side  a quadrant.  Two  sides  or  two 
angles  are  said  to  be  of  the  tame  attection,  when  they  are 
at  the  same  time  either  both  greeter,  or  both  less  then  a 
quadrant  or  a right  angle  or  ; and  of  diflerenc  aflec- 
iiortv,  when  one  is  greater  and  the  other  less  than 
degitrs. 

fVoperr/ci  q/*SpiiERiCAL  7Wflag/<j  — 1.  SpbericaL  tri- 
angles have  many  properties  in  common  with  plane  ones ; 
such  t»,  That,  m a triangle,  equal  sides  subte-nd  e<}uai 
angles,  nnd  equal  angles  arc  subtended  by  equal  sides  : 
Tbwithcffrcater  angles  are  subtended  by  tbe  greater  sides, 
aud  the  le^!>  angles  by  the  less  sides. 

2.  in  every  sphcncul  triangle,  each  side  is  h'ss  than  a 
scmicitcle:  any  two  sides  taken  together  are  greater  than 
the  third  side:  and  all  the  three  sides  taken  together  are 
less  than  the  whole  circumference  of  a circle. 

5.  in  every  vpherical  triangle,  any  angle  is  less  than  2 
right  angles ; nnd  the  sum  of  ail  the  three  angles  taken  to- 
gether, is  greater  than  2,  but  ii’ss  than  6,  right  angles. 

4.  In  an  oblique  spherical  triangle,  if  the  angles  at 
the  base  be  of  tbe  same  alfection,  the  perpendicular  from 
tbe  other  angle  fails  within  the  triangle;  hut  if  they  be 
of  dilfeicnl  afiections,  the  perpendicular  falls  without  the 
triangle. 

Dr.  Moskelynifc  remarks  on  (he  properties  of  spherical 
triangles,  areas  follow  : (Sec  tbe  introd.  to  my  Logs. ]>n. 
17i,  itii  edition.) 

6.  **  A spherical  triangle  is  equilateral,  isnscelar,  or 
scalene,  according  as  it  bus  its  three  angles  ail  equal,  or 
two  of  them  equal,  or  all  three  utuqunl;  and  vice  versa. 

(J.  The  gre.ilcat  side  isulwnys  op|H>site  the  greatest  angle,* 
and  the  snmllest  side  opposite  the  smallest  angle. 

7.  The  sum  of  any  two  sides  i»  greater,  and  their  dif* 
fercnce  has,  than  the  third  side. 

8.  If  the  three  ant>les  are  all  acute,  or  all  right,  or 

all  obtuse;  the  three  sides  will  be,  accordingly,  all  less 
than  or  equal  to  90°,  or  greater  than  Bnd 

vice  versa. 

9.  If  from  the  Uirc'e  angles  a,  b,  c,  of  a (rianglt*  abc, 
as  pub’s,  there  be  devcrilx'd,  on  th<-  surface  of  the  «phcre, 
ihriH-  arches  of  a great  circle  i>E.  dp,  fe,  forming  by 
their  intersectiuns  a new  iphincal  triangle  OT.r;  each 
side  of  the  new  triatigie  will  U*  the  supph-melit  of  4hr 
angle  at  its  pole;  and  each  angle  of  the  same  triangie.Avril 
be  the  supplement  of  the  side  opposite  to  it  in  the  tit- 
anglc  ABC. 

10.  In  any  triangle  gttt,  or  cAt,  right  angled  at  6,  Ur, 
The  angles  at  the  hypolbenuK  arc  always  of  the  same  kind 
as  their  opposite  sidi^s  ; 2dly,  'Ehe  bypothenu'sc  ss  less  or 
greater  than  a quadrant,  according  as  the  sides  including 
tbe  right  angle,  .'ire  of  the  same  or  difi'erent  kinds;  that 
is  to  say.  according  as  these  same  sides  are  either  boih 
acute,  or  both  obtuse,  or  as  one  is  acute  ami  the  other 
obtuse.  And,  vice  versa.  1st,  ’Ihe  sides  including  the 
right  angle,  are  always  oj  the  same  kind  as  their  opposite 
angles;  2dly,  The  sides  including  the  right  angle  will  be 
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of  ih(‘  same  or  different  kind's  according  as  ihc  hypothe- 
nusc  is  k*M  or  givnter  than  <^3*^  i hut  otK*  at  least  of  them 
will  be  of  90*^,  if  tha  hypoihenusc  is  so.**  . 

0/the  Area  of  a Spheiucal  Trinnt*if.  The  mensura- 
tion of  spherical  triuhgles  and  polygons  svas  first  found 
out  by  Albert  Gtrard,  about  the  year  KiOO,  and  is  given 
at  large  m his  liiveniion  Nouvcile  en  I’Algcbrc,  pa.  50, 
5cc;  4lo,  Amst.  l6?9.  In  any  spherical  triangle,  the 
area  or  surface  inclosed  by  its  throe  sides  upon  the  sur- 
. face  of  the  globe,  will  lie  found  by  this  psuporthm  : 

As  8 right  angl(»  or  720'*, 

Is  to  the  whole  stirlacc  of  the  spltcrc(  • 

Of,  as  2 right  angles  or  180^, 

To  one  great  circle  of  the  sphere  ; ♦ 

So  is  the  excess  of  the  3 angles  nbove  2 right  angles, 
To  the  urea  of  the  sphiTical  triangle. 

Hence,  if  a denote  '7854, 

d =s  diam.  of  the  globe,  and 
$ = sum  of  the  3 angles  of  the  triangle; 


= area  of  the  spherical  triangle. 


then  add  a • 

Hence  aUo,  if  r denote  the  radius  of  the  sphere,  and  c 
its  circumfenmee;  then  (he  area  of  the  triangle  will  be 
thus  variously  expressed ; vis,  urea  = 

,,  « — lao  , j ^ iho  j . ISO 

ad  * — = erf  X =s  <T  K — -r — ; 

ISO  7i0  360 

or  barely  = r x (s— 180^),  in  square  degrees, 
when  the  radius  r is  estimau-d  in  degrees;  fur  then  the 
circumference  c is  = 3(>0®, 

Further,  because  the  radius  r,  of  any  circle,  when  cs- 
tso  _ 

tested  in  degrics,  if,  = “ 57*2957/95, 

the  last  ruler  * («•>  180),  for  the  area  i4of  the  iphcrical 
itiangle,  in  stpiare  degrees,  will  be  li«rety 
' A = 57*2957795#  - 10313*24,  or  ' 

A =5  57-1^^  — 103 13i  very  nearly. 

Hence  may  be  iound  the  sums  of  the  three  angles  in 
any  spherical  triangle,  having  its  area  A known  \ for  the 
lost  equation  gives  the  sum 


180  =5 


S7*'#y  6wr. 


180  = 


Uf}A 


180. 


So  that,  for  a triangle  on  (lie  surface  of  the  earth,  whose 
three  sides  are  known  ; if  it  be  but  <imall,  as  of  a few 
miles  e.xlent,  its  area  snay  be  found  from  the  known 
' lengths  of  its  sides,  considering  it  os  a plane  triangle,  which 
gives  the  value  of  the  quantity  a ; and  then  the  last  rule 
above  will  give  the  value  of  i,  the  sum  of  the  three  angles ; 
which  will  serve  to  prove  whether  those  angles  are  nearly 
exact,  that  have  been  taken  with  a very  nice  instrument, 
as  in  large  and  extensive  measurements  on  the  surface  of 
the  earth.  Hence  a •—  57*29  Ac  is  the  spherical  excess. 

Ariofu/ion  of  Spherical  Triangfes,  ^cTriakole, 
and  Trioosometry. 

Spherical  Polygon,  is  a figure  of  more  than  three 
'ides,  formed  on  the  surface  of  a globe  by  the  Intersecting 
arcs  of  great  circles. 

The  area  of  any  spherical  polygon  will  be  found  by  the 
following  proportion  ; vi*, 

.^8  8 right  angles  or  720^, 

To  the  whole  surface  of  the  sphere ; 

Or,  os  2 right  angles  or  180°, 

To  a great  circle  of  the  sphere; 

So  is  (be  excoss  of  all  the  angles  above  the  product  of 
180  and  2 less  than  the  number  of  angles, 

To  the  area  of  the  spherical  polygon. 


That  is,  putting  n s=  the  number  nf  angles, 
j = num  of  all  the  angles, 
d s:  diam.  of  the  sphere, 
a = -78539  Ac; 

Then  A = od'  X — =s  the  area  of  the  sphe- 

rical polygon. — Hence  other  rules  might  be  found,  similar 
to  those  for  the  area  of  the  spherical  (riar.k'ft.  Hence 
. also,  the  sum  # of  all  the  miglt's  of  any  splu  rical  polygon, 
is  always  less  than  I80ji,  but  greater  limn  l«0(n  — 2), 
that  is  less  than  n times  2 right  angles,  but  greater  thap 
w — 2 limes  2 right  angles. 

bPHERiCAL  Astronomy,  that  part  of  astronomy  which 
considers  the  universe  such  as  it  appears  to  the  eye.  See 
Astronomy.  Under  spherical  astronomy  are  included 
all  the  plienomrna  and  ap}K-arances  of  the  heavens  and 
heavenly  bodies,  such  as  we  perceive  them,  withoQt  any 
inquiry  into  the  reason,  the  theory,  or  truth  of  them. 
By  which  it  is  distinguished  from  theorical  astronomy, 
which  considers  the  real  structure  of  the  universe,  and 
the  causes  of  thoM*  pbriiojncna.  Jn  sphcficaf  ai^trdnorny, 
the  world  is  conceived  to  be  a concave  sphericnl  surface, 
in  whose  centre  ii  the  earth,  or  rather  the  eye,  about 
which  the  visible  frame  revolves,  with  stars  and  planets 
fixed  in  its  circurofcri'nce.  And  on  this  huppovitiun  all 
the  other  phenomena  are  determined.  Theorical  astro- 
nomy teaches  us,  from  the  laws  of  optics,  6<c,  to  correct 
this  scheme  and  reduce  the  whole  to  a juster  system. 
Spherical  Comp/isscj.  See  Comp asres.' 

Spiibiucal  Excess.  See  Fncerh. 

Spherical  Geometry,  the  doctrine  of  the  sphere; 
particularly  of  the  circles  described  on  its  surface,  with 
the  method  of  projecting  the  same  on  a plane  ; and  mea- 
suring their  arches  and  angles  when  projected. 
Spherical  Nimbcn.  Sec  Circolar  A'l/mArr. 

Spherical  Trigonometry.  Sec  Trigonometry. 

SPHKKICrrV,  the  quality  of  a sphere;  or  that  by 
which  a thing  becomes  spherical  or  round. 

SPHERICS,  ibe  doctrine  of  (he  sphere,  particularly 
of  the  several  circles  described  on  its  surface;  with  the 
method  of  projecting  the  same  on  a plane.  Sec  Projec- 
tion qf*  the  Sphere. 

A circle  of  the  sphere  is  that  which  is  made  by  a plane 
cutting  it.  If  the  plane  pass  through  (be  centre,  it  is  a 
great  circle:  if  not,  it  is  a small  circle.  The  pole  of  a 
circle,  is  a point  on  the  surface  of  the  sphere  equidistant 
from  every  point  of  the  circumference  of  the  circle. 
Hence  every  circle  ha»  (wo  poles,  which  are  diametrically 
opjvositc  to  each  other ; and  all  circles  that  are  parallel 
to  each  other  have  the  same  poles. 

Properties  of  the  Circles  of  the  SpAere.— 1.  If  a sphere 
be  cut  in  ^ny  manner  by  a plane,  the  section  will  be  a 
circle  ; and  a great  circle  when  the  section  passes  through 
the  centre,  otherwise  it  is  a small  circle.  Hence,  all  great 
circles  are  equal  to  each  other : and  the  line  of  section  of 
(wo  great  circles  of  the  sphere,  is  a diametcrof  the  sphere: 
therefore  two  great  circles  intersect  each  other  in  points 
diametrically  opposite  ; and  make  equal  angles  at  those 
points ; and  divide  each  other  into  two  equal  parts  ; also 
any  great  circle  divides  the  whole  .sphere  into  two  equal 
parts. 

2.  If  a great  circle  be  perpendicular  to  any  other  circle, 
it  passcK  through  its  poles.  And  if  a great  circle  pass 
through  the  pole  of  any  other  circle,  it  cuts  it  at  ngbt 
aogles,  end  into  two  equal  parts. 
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3.  The  distance  between  ihc  polas  of  two  circlo^  ii 
equal  to  (he  an^lc  of  tlicir  inclination. 

4.  Two  great  circles  passing  through  (he)M>1cs  ofano> 
(her  great  circle*  tiU  all  the  parallels  to  tbia  iatter  into 
similar  arcs,  lienee*  an  angle  made  by  two  great  circlet 
of  the  sphere,  is  equal  to  thr  .'ingle  of  inclination  of  the 
planes  of  these  great  circles.  And  lienee  also  the  lengths 
of  those  parallels  are  to  one  another  as  the  tines  of  their 
distances  from  their  common  pole,  or  as  (be  cosines  of 
their  diilanees  from  (bur  parallel  great  circle.  Conse> 
quently,  us  radius  is  to  tlf«  cosine  of  the  latitude  of  any 
point  on  ihi-  globe,  so  is  the  length  pf  a degree  at  the 
equator,  to  the  length  of  a dcgriT  in  that  latitude. 

&.  If  a great  circle  pass  through  the  poles  of  another ; 
this  latter  also  passes  through  the  poles  of  the  former;  and 
the  two  circles  cut  each  other  perfieiidicularly. 

6.  >r  two  or  more  great  circles  interwet  each  other  in 
the  poles  of  another  great  circle;  this  Utter  will  pass 
through  the  poles  of  all  the  fortuer. 

7.  All  circles  of  the  sphere  that  arc  equally  distant 
from  the  ccritre,  are  equal ; and  the  fuftfaar  they  are  di> 
stant  from  the  centre,  the  less  they  are. 

8.  The  shortest  distance  on  the  surface  of  a sphere,  bo> 
tween  any  two^ioinii  on  thm  surface,  is  the  arc  of  a great 
circle  passing  through  those  points.  And  the  smaller  the 
circle  is  that  passes  through  the  same  points,  (he  longer  is 
the  arc  of  distance  between  them.  Hence  the  proper  mca<> 
sure,  or  distance,  of  two  places  on  the  surface  of  the  globe, 
is  an  arc  of  a great  circle  intercepted  between  the  same. 
Sec  Theodosius  and  other  writers  on  spherics. 

SPHEIlOIU,  a solid  body  approaching  to  the  figure  of 
a sphere,  though  not  exactly  round,  but  having  one  of  its 
diameters  longer  than  the  other.  This  solid  is  usually 
considered  as  generated  by  the  rotation  bf  an  oval  plane 
figure  about  one  of  its  axis.  If  that  be  the  longer  or  trans- 
verse axis*  the  solid  so  generated  is  called  an  oblong  sphe- 
roid, and  ^metimes  prolate,  which  resembles  an  egg*  or 
a lemon ; but  if  the  oval  revolve  about  its  shorter  axis, 
the  solid  will  be  an  oblate  spheroid,  which  resembles  an 
orange,  which  ii  the  figure  of  the  earth,  and  the  other  pla- 
ocu. 


The  axis  about  which  the  ova]  revolves,  is  called  the 
fixed  axis, as  ab  ; and  the  other  CD  is  the  revolving  axis: 
whichever  of  them  happens  to  be  the  longer. 

When  the  revolving  oval  is  a perfect  ellipse,  the  solid 
generated  by  the  revolution  is  propeHy  called  an  ellipsoid, 
as  distinguished  from  the  spheroid,  which  is  generated 
from  the  rcvulutit.'uof  any  oval  whatever,  whether  it  be  an 
ellipse  or  not.  But  generally  speaking*  in  the  common 
acceptation  of  the  word,  the  terra  spheroid  is  used  for  an. 
ellipsoid ; and  therefore,  in  what  follows,  they  arc  con- 
sidered as  om:  and  the  same  thing. 

Any  section  of  a spheroid,  by  a plane,  U an  ellipse  (ex- 
cept the  sections  perpendicular  to  the  fixed  axe,  which 
arc  circles)  ; andall  parallel  sections  are  similar  cIlipKs, 


or  have  ibelr  trtMVeiae  and  conjugate  axes  in  the  same 
constant  ratio  ; and  the  tcctioiks  parallel  to  the  fixed  axe 
are  similar  to  the  cilipee  from  whicli«tbe  solid  was  getw- 
rated.  See  my  Tracts,  vol.  3,  pa.  134. 

h'or  the  SurftKe  qf  a Sph^oid^  whether  it  be  oblong  ot 
oblate.  Let  /denote  the  fixed  axe,  r the  revolving  axe ; 

f*  ^ r* 

and  a ~ *7854,  and  y = -~y-,  — ; then  will  the  surface  j 

be  expressed  by  the  following  series,  using  the  upper  signs 
for  the  oblong  spheroid,  and  the  under  signs  for  the  oblate 
one : via, 

9 = 4aif  X (I  — —q  — — ' — q*  ^ &c)  ; 

Where  the  lign^of  the  terras,  after  the  first,  are  all  nega- 
tive for  the  oblong. spheroid,  but  alternately  positive  and 
negative  for  the  oblate  one.  Hence,  because  the  factoi 
4ai/is  equal  to  4 times  the  area  of  the  generating  ellipse* 
it  appears  that  the  surface  of  the  oblong  sphcioid  is  less 
than  4 limes  the  generating  ellipse,  but  the  surface  of  the 
oblate  spheroid  is  greater  than  4 times  (he  same  : while 
(he  surface  of  the  sphere  falls  in  between  the  two,  being 
just  equal  to  4 limes  its  generating  circle. 

Huygens,  in  bis  Horolog.  CHrillat.  prop.  9<  has  given 
two  elegant  construciiotis  for  describing  a circle  equal  to 
(he  superficies  of  an  oblong  and  an  oblate  spheroid,  which 
he  says  he  diacuvered  towards  the  latter  end  of  the  year 
lfi57*  As  he  gave  uo  demonstrations  of  these,  I have  de- 
monstrated them,  and  aUo  rendered  them  more  general, 
by  extending  and  adapting  ihcra  to  the  surface  of  any  seg- 
roeiit  or  zone  of  the  spheroid.  Sec  my  Meosuratioo, 
pa.  226  &c,  4ih  ed.  where  also  arc  several  other  rules  and 
constructions  for  the  surfaces  of  spheroids,  besides  those  o/ 
their  segments,  and  frustums. 

Qf  the  Solidity  qf  « Spkftoid.  Every  spheroid,  whether 
oblong  or  oblate,  is,  like  the  sphere, exactlyequal  to  two- 
-thirds  of  its  ciroumscribing  cylinder.  ^ that,  if/denote 
the  fixed  axe,  r the  revolving  a.xe,  and  a as  *7834;  then 
\qfr^  denotes  the  solid  content  of  either  spheroid.  Or, 
which  comes  to  the  same  thing,  if  r denote  the  I rm  us  versa, 
and  c the  conjugate  axe  of  the  generating  ellipse  ; 
then  |ocV  is  the  content  of  the  oblong  spheroid, 
and  yoc/*  is  the  content  of  the  oblate  spheroid. 
Cousequeuily,  the  ratio  of  the  former  solid  to  the  Utter,  is 
as  c to  /,  or  as  the  less  axis  to  the  greater. 

Further,  if  about  the  two  axes  of  an  ellipse,  there  be  ge- 
nerated two  spheres  and  two  spheroids,  the  four  solids  will 
be  continued  proportionals,  and  the  common  ratio  will  be 
that  of  the  two  axes  of  the  ellipse  ; that  is*  as  the  greater 
sphere,  or  the  sphere  upon  the  greater  axe*  is  to  the  oblate 
spheroid,  so  is  the  oblate  spheroid  to  the  obloqg  spheroid, 
and  so  is  the  oblong  spheroid  to  the  less  sphere*  and  so  is 
the  transverse  axis  to  the  conjugate.  ' See  my  Mensura- 
tion, pa.  248  &c,  4lh  ed.  where  may  be  seen  many  other 
rules  for  the  solid  contents  of  spheroids,  and  their  va- 
rious parts.  Si'c  also  Archimedes  on  spheroids  and  co- 
noids. 

Dr.  Halley  has  demonstrated,  that  in  a sphere,  Mcrca- 
lor*9  nautical  meridian  line  is  a scale  of  logarithmic  tan- 
gents of  the  half  complements  of  the  latitudes.  But  as  it 
has  been  found  that  the  shape  of  the  earth  is  spheroidal, 
this  figure  will  make  some  allcraiiun  in  the  numbers  re- 
sulting from  Dr.  Halley's  theorem.  Maclaurin  has  there- 
fore given  a rule,  by  which  the  mcridioual  parts  to  any 
spheroid  may  be  found  with  the  same  exactness  as  in  a 
sphere.  There  is  also  an  ingenious  tract  by  Mr.  Murdoch 
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on  tlie  tame  lubjrct.  See  Philo«.Tnins.  No. ?I9*  Mr. 
Coles  has  also  demonstraud  ihc  same  prupoMtiuii,  itarm. 
Mens.  pa.20,2I.  Meridi>>xal  f*ttru. 

U)UP«rM/ Spheroid,  a humc  given  |q  the  lidid  gene- 
rated by  the  roUiiun  uf  an  ellipu*  about  some  other  dia- 
meter, which  is  neither  the  transverse  iiur  conjugate  axis. 
This  produces  a figure  reserobling  a heart.  See  my  Men- 
suration, pa.  4lh  ed. 

SPI N DLE,  in  Geometry,  a solid  body  genertiled  by.  the 
revolution  uf  some  curve  line  about  its  base  or  double  or* 
dtnale  ab;  in  oppasith  n to  a co-  ^^>i~rwn 
uoid,.  which  IS  generated  by  ibe  ro- 
lation  of  tbe  curve  about  its  axis  ^ 

or  absciss,  perpendicular  to  its  ordinate.  The  spindle  is 
denominated  circular,  elliptic,  hyperbolic,  or  parabidic, 
&c,  according  to  the  figure  of  its  generating  curve. 
my  Mertsur.  in  M'veral  places. 

SpixPLC,  in  Mechanics,  souietinu:s  denotes  the  axis  of 
a wheel,  or  roller,  dec  ; and  its  cuds  are  the  pivots. 

See  also  Douifie  Coys. 

SPIRAL,  in  Geomeir)',  a curve  line  of  the  circular 
kind,  which,  in  its  progress,  recedes  always  more  and 
iiii>rc  from  a point  within,  called  its  centre  \ or  beginning 
its  motion  at  a distance  from  the  centre ; it  approaches 
Dearer  and  nearer  to  that  point.  A spiral  may  be  sup- 
posed lu  be  thus  generated. 

Divide  the  circumference  of  a circle  App  &cc  into  any 
number  of  equal  (Nirts,  by  a continual  bisection  at  ihu 
points pp  6tc,  Divide  also  the  radius  ac  into  the  same  num- 
ber of  equal  parts,  and  make  cn,  cm,  cm,  dec,  equal  to  1, 
2,  S,  dre  of  these  equal  parts;  then  a line  drawu,  with  a 
steady  hand,  through  a|l  the  p«>iiits/v,  m,  m,  &c,  will  trace 
out  the  spiral.  This  is  more  particularly  cuIUhI  the  tint 
spiral,  wiu-u  it  has  made  one  complete  revolution  to  the 
point  A ; and  the  space  included  between  ijic  spiral  and 
the  radius  ca,  is  the  spiral  space.  The  first  spiral  may  be 
cootinucti  to  a second,  by  describing  another  circle  with 
double  tbe  radius  of  the  hnt;  and  the  second  paay  be 
codtimicd  to  a third,  by  a third  circle;  and  so  on. 
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ceived  to  move  Qniformly  forward  from  a towards  a,  ia 
the  right  line  or  radius  ab,  so  that  tlie  point  may  describe 
that  line,  while  tbe  line  generates  the  circle ; tPien  will  the 
point,  with  the  doable  motion,  describe  the  curve  a,  1,.2, 
3,  4,  5,  dec,  ofihe  same  spiral  as  before.* 

Again,  if  iho  point  B be  conceived  to  move  only  half  as 
fast  as  the  line  a b revokes,  so  that  it  shall  get  bulimlfway 
along  BA,  when  that  line  shall  have  formed  tbe  circle ; and 
if  then  you  imagine  a new  revolution  tq,  be  made  ivf  the 
line  carrying  the  point,  so  that  they  shall  end  their  motion, 
at  last  together,  there  will  be  formed  a double  spiral  line, 
as  in  the  last  figure.  Trom  the  manner  of  iliis  description 
may  easily  be  drawn  these  corollMries  : 

1.  That  tbe  lines  b12,  b11,  bIO,  Ac,  making  equal  an- 
gles witn  tbe  nrst  and  second  spiral  (as  also  b12,  bIQ, 
b8),  Ac,  are  in  arithmetical  progression. 

2*  The  lines  n7,  niO,  Ac,  drawn  any  how  to  the  first 
spiral,  are  to  one  another  as  the  arcs  of  tbe  circle  inu*r- 
cepted  between  ba  and  those  lines;  because  whatever 
parts  of  the  circumference  the  point  a describes,  as  sup- 
pose 7,  the  point  b will  b1m>  have  rtm  over  7 parts  of  the 
line  AB. 

3.  Any  lines  drawn  from  b to  the  second  spiral,  as 
Blfi,  b22,  Ac,  arc  to  each  other  as  the  aforesaid  arcs,  to- 
gether >vith  tbe  whole  circumference  added  on  b<i(h  sides^: 
for  at  the  same  time  that  tbe  point  a runs  over  12,  or  thu 
whole  circumference,  or  perhaps  7 parts  more,  shall  tbe 
point  B have  run  over  12,  and  7 pans  of  tbe  line  a a, 
which  is  DOW  supposed  to  be  divided  into  24  equal  pans. 

4.  The  first  spiral  space  is  equal  to  j of  tbe  first  or  cir- 
cumscribing circle.  Thatis,  tbeareaCABDBoflhespiral, 
is  equal  to  part  of  the  circle  described  with  the  radius 
cc.  In  like  manner,  tbe  wbolc-spiral  area,  generated  by 
Ur'  ray  drawp  from  the  point  c to  the  cUrve,  when  it  makes 
two  revolutions,  is  of  the  circle  described  With  tbe 
radius  Sce. 


Ucnco  it  fi)tlow!»,  that  the  parts  of  the  circumference 
sp,  arc  as  the  pans  of  the  radii  cm;  or  Apis  to  the  whole 
circumference,  as  cm  is  to  the  w hole  radius.  Consequent- 
ly, if  c denote  :ne  circumfenmee,  r the  radius,  i =;  cm, 
aiidjr  ss  .\p;  then  there  arises  this  proportion  r : c; : x :y, 
v<.bicU  gives  ty  ss  cx  for  thu  equation  of  this  spiral ; and 
which  ibetcfoie  it  has  in  common  with  the  quadratrix  uf 
Dmostrates,  and  that  of  Tsehirnbausen : sotbatr*^s 
r"/*  will  serve  for  infinite  spirals  and  quadratrices. 

Thv  fiist  treatise  on  the  spiral  was  by  Archimedes,  who 
thtis  gives  tlie  description  of  it,  by  a Continued  uniform 
motion.  Ifa  right  line,  as  a 6 (/aH  Jig.  above)  having  one 
pnd  moveablr  about  a fixed  pointat  B,  be  uniformly  turned 
round,  so  as  the  other  end  a may  describe  the  circumfer- 
ence of  a circle;  and  at  the  same  lime  a point  be  con- 


And,  generally,  the  whole  an'a  generated  by  the  ray 
from  the  U’giiiuiiig  of  the  motidn,  till  afivr  any  number  a 
of  revolutions,  is  equal  to  ^ of  the  circle  whose  radius  is 
• K CK,  that  is  equal  to  the  3d  part  of  tbe  space  which 
is  thc^ame  multiple  of  the  circle  described  with  the  greatest 
ray,  as  the  number  of  revolutions  is  of  unity. 

In  like  maniHT  also,  any  sector  or  portion  of  the  area 
of  the  spiral,  lermimitcd  by  th(-  cueve  CmA  and  the  right 
line  CA,  is  equU  to  f of  the  circular  sector  cac  termi- 
nated by  the  right  lines  ca  and  cc,  this  lotter  Icmg  the 
situation  of  the  revolving  ray  when  the  puiut  that  describes 
the  curve  sets  out  from  c.  See  Maclaurin’s  Flux.  Introd. 
pa.  30,  31;  also  Qcadiistuke  of  the  .Spiral  of  Archi- 
medes ; and  Emerson's  neat  tract  pn  spiral-s  added  to  his 
Conic  .Sections. 

A brief  sy  nopsis  of  the  first  treatise  on  spirals,  by  Ar- 
chimedes, is  as  follows; — Proposition*  I and  2 are  of  the 
ngture  of  lemmas,  and  arc  eiD|duyed  to  demonsuate  the 
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ratios  of  i^ncs  that  arc  desoribctl  by  the  equable  motion  of 
points. — Propi.  3,  4,  5,  6,  7»  8,  demonstrate  ibe  possi- 
bility of  tailing,  in  a circle,  chords,  tangents,  secants,  &c, 
as  well  as  certain  j>arts  of  liicm,  in  a given  ratio. — Prop.  10 
shows  that,  in  a series  of  quantities  proceeding  from  0, 
and  equally  exceeding  one  another,  (via,  a continued  arith- 
metical series,)  the  sum  of  the  rectangles  of  the  least  term 
drawn  into  all  the  terms,  together  with  as  many  timesthc 
square  of  the  greatest  term  as  is  denoted  by  one  more  than  • 
the  number  of  the  terms,  is  equal  to  3 times  the  sum  of 
the  squares  of  all  the  urms:  that  is, 

h c -*■  d ike,  to  i)  i)2^  = 

3(0*  ^ A*  ^ &c z*)  ; 

where  a,  6,  c,  dec,  arc  the  terras  of  seiius^bose  common 
diderettcc  is  a,  the  greatest  term  t,  and  nuniLcr  of  terms  a. 
— Prop.  11  is  also  employed  about  the  squares  o(  the  terms 
of  such  a progression.  * 

Having  dciiverv'd  those  preparatory  propositions,  the 
author  conics  to  the  detinitions  of  the  helix  or  spiral,  and 
of  the  several  parts,  lines,  and  circles  attending  it ; in  par- 
ticular, his  helix  is  the  curve  described  by  a point  moving 
uniformly  through  a right  line  revolving cijuabiy  about  the 
end  from  which  llie  point  w-  ts  out. — ^1'hc  next  (i  piops.  arc 
employed  about  the  proportions  of  the  several  parts  and 
radii,  dec,  of  the  helix,  till,  in  the  18th  prop,  it  is  show  n 
lliat  the  circumference  of  the  first  circle,  i&  equal  to  a 
line  drawn  from  the  centre  perpendicular  to  the  radius, 
and  bounded  by  a tangent  to  the  spiral  at  the  extremity 
of  the  said  radius. 

Prop.  19  shows  that  such  a perpendicular,  as  above, 
from  the  centre  to  the  end  of  the  2d,  3d.  4th,  dec  spiral, 
and  bounded  by  the  tangent  at  the  same  point,  is  equal  to 
double,  triple,  quadruple,  &c,  of  the  circumference  of 
the  circle  described  through  the  same  tangent  point.^ 
Prop.  2CT,  in  like  manner  shows  that  such  a perpendicular 
to  a radius  at  any  {loint,  not  at  the  end  of  the  spiral,  is 
as  multiplex  less  by  one  of  the  circumference,  together 
wiUras  much  more  as  is  coniainetl  between  that  point  ami 
the  beginning.  So  that  here  we  have  the  rectification 
of  the  circular  arc  by  means  oflhc  construction  of  the 
spiral. 

Props.  21,  22,  23,  are  employed  in  showing  that  figures 
may  Ih-‘ described  in,  and  about  spirals,  that  shall  difier 
from  them  by  less  than  any  assignable  quantity.^And 
then  prop.  24  shows  that  the  1st  spiral  space  is  equal  to  | 
of  the  1st,  or  its  circumscribing  circle.  And  prop.  25 
shows  the  ratio  of  the  2d,  3d,  4lh,  &c  spiral  space,  to  tlie 
2d,  3d,  4lh,  dec  circle. 

Then  the  remaining  three  props,  show  the  ratios  of  dif- 
ferent parts  of  spirals  to  their  corresponding,  sectors  of  the 
circles.  After  which  is  added  a theorem  showing  the  pro- 
portions of  different  sectors  of  a spiral,  viz,  that  they  arc 
as  the  cuIm*s  of  their  respective  radii.  To  which  is  sub- 
joined a problem,  to  cut  an  angle,  or  a circular  arc,  in 
any  ratio,  by  means  of  the  spiral. 

Spiral,  lAtgitUic,  or  LogarUUmic,  See  Logistic,  and 
Quadkaturc. 

Spiral  q/"  Fuppust  a spiral  formed  on  the  surface  of  a 
sphere,  by  a motion  similar  to  that  by  which  the  Spiral 
of  Archimedes  is  described  on  a plane.  'J’his  spiral  is  so 
called  from  its  inventor  Pappus.  Collect.  Malhem.  lib.  4 
prop.30.  Thus,  if  c be  the  centre  of  the  sphen*,  area 
a great  circle,  p its  pole;  and  while  the  quadrant  pma 
revolvei  about  the  pole  p with  an  uniform  motion,  if  a 
point  proceeding  from  p move  with  a given  velocity  aloqg 


the  quadrant,  it  will  trace  upon  the  spherical  surface  the 
spiral  pzro. 

Now  if  we  suppose  the  quadrant  pm  a to  make  acorn- 
pleic  revolution  in  the  same  time  that  the  point,  which 
traces  the  spiral  on  the  surface  of  the  sphere,  describes  the 
quadrant,  which  is  the  case  considered  by  l*appus;  then 
the  portion  of  the  spherical  surface  terminated  by  the 
whole  spiral,  and  the  circle  area,  and  the  quadrant  pm  a, 
will  be  equal  to  the  square  of  ilic  diameter  ab.  In  any 
other  case,  the  area  pmaatzp  n to  the  square  of  that  dia- 
meter AB,  as  the  arc  ao  is  to  the  wrbolc  circumference 
AREA.  And  this  area  is  always  to  the  spherical  triangle 
PAO,  os  a square  is  toils  circumscribing  circle,  or  as  the 
diamoii-r  of  a circle  is  to  half  its  circumference,  or  as  2 
is  to  3'14159  &c.  See  .Maciaurm’s  Fluxions,  Introd. 

pa.  31 33- 

The  portion  of  the  spherical  surface,  terminated  by  the 
quadrant  pma.  with  tlie  arches  ar,  rn,  and  ihu  spiral 
pzr,  admits  of  u perfect  quadrature,  when  the  ratio  of 
the  arch  ao  to  tlic  whole  circumference  can  be  assigned. 
See  Maclaiirin,  ibid.  pa.  33. 

Pflroio/ic  Spiral.  Sec  Helicoid. 

Proportional  Spiral,  is  genemted  by  supposing  the  ra- 
dius to  revolve  uniformly,  and  a point  from  the  circum- 
ference to  move  towards  the  centre  with  a motion  di- 
creasing  in  geometrical  progression.  See  Logistic. 

From  the  nature  of  a decreasing  geoimnrical  pri^res- 
sion,  it  is  easy  to  conceive  that  the  radius  ca  may  be  con- 
tinually divided  ; and  though  t'ach  successive  division  be- 
comes shorter  than  the  next  preceding  one,  yci  there  must 
be  an  infinite  number  of  divisions  or  terms  before  the  Iiivi 
of  them  become  of  no  finite  magnitude.  Whence  it  follows, 
that  this  spiral  winds  continually  round  the  centre, 
without  ever  falling  into  it  in  any  finite  number  of  re- 
volutions. • 

It  is  also  evident  that  any  proportional  spiral  cuts  the 
intercepted  radii  «t 
equal  augles:  (or  if 
the  divisions  ad,  de, 

^c,  of  the  cir- 
cumference be  very 
small,  the  several 
radii  will  be  so  close 
to  nnc  another,  that 
the  intercepted  parts 
AD,  DC,  Er,  re*,  &c, 
of  the  spiral  may  be 
taken  as  right  lines; 
and  the  trianglesCAD, 

CDS,  CEP,  will  be 


similar,  having  equal  angles  at  the  point  c,  and  the  sides 
about  thoM'  angles  proportional ; therefor^  the  angles  at  a, 
D,  R,  p,  &c,  are  equal,  (hat  is,  the  spiral  cuts  tbe  radii  at 
equal  angles.  Robertson's  Klein,  of  Navig.  lnx»k  2,  pa.  87. 

Propoitiunal  spirals  arc  such  spiral  lines  as  the  rhumb 
liocs  on  the  terraqueous  globe ; which,  because  they  make 
equal  angUe  with  every  meridian,  must  also  make  equal 
angles  with  the  meridinns  in  the  sicrcographic  projoctibn 
on  the  plane  of  the  equator,  and  therefore  will  be,  us  Dr. 
Halley  observes,  Propirtinnal  spirals  about  the  polar 
point.  Whence  h6  demonstrates,  that  the  meridian  line 
is  a scale  of  log.  tangents  of  the  half  complements  of  the 
latitudes.  See  Rhusib,  Loxodromy,  and  .Meri- 
muNAL  Parts. 

Spiral  See  /lrcA/mede«'s  Screw. 
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SniiAi^  fn  Arcbitccture  and  ScoYptnre,  d<*not<*s  a 
curve  that  ascends,  winding  about  a cone,  or  spire,  so 
tbai  all  the  points  of  it  continually  approach  the  axis. 
By  thh  it  is  dislinguisbed  from  the  helix,  whi(h  winds  in 
the  »ame  manner  about  a cylinder. 

SPOU'AUKS,  in  Astronomy,  a name  by  which  the  an* 
cients  distinguished  such  stars  as  were  not  included  in  any 
constellation.  These  the  moderns  more  usually  call  un- 
formed, <jr  extnacoimlelltry  stars.  Many  of  the  sporades 
of  the  ancients  have  been  since  formed  into  new  constella- 
tions: thus,  of  those  between  Ursa  Majo^and  Loo,  He- 
veliushas  formed  a constrllalion  named  Lro  Minor;  and 
of  those  bciween  Urt-a  Minor  and  Auriga,  he  also  formed 
the  Lynx;  and  of  those  under  the  tail  of  Ursa  Minor, 
aisoiher  calird  Cams  Venalicus ; &c. 

SPOTS,  in  Astronomy,  arc  dark  places  observed  on  the 
disks  or  faces  of  the  sun,  moon,  and  planets.  The  spots 
on  the  sun  are  seldom  if  ever  visible,  except  through  a 
telescope.  I have  indeed  met  with  peraons  whose  eyes 
were  so  strong  that  they  have  declared  they  could  distin- 
guish the  solar  spots;  and  it  is  mentioned  in  Josephus  i 
Oxista’s  Natural  and  Moral  History  of  the  West  Indies, 
book  1,  ch-2,  before  the  use  of  telescopes,  that  in  Peru 
there  arc  spots  tu  be  seen  in  the  sun,  which  are  not  to  be 
seen  in  Europe.  See  a meraoir  by  Dr.  Zach,  in  the  Astro- 
nomical EpheSieris  of  the  Acad,  of  Berlin  for  1Z88,  re- 
lating to  the  discoveries  and  unpublished  papers  of  Thomas 
Harriot  tbc  celebrated  algebraist.  In  that  memoir  it  is 
shown,  for  the  first  lime,  that  Harriot  wm  also  an  excel- 
lent astronomer,  both  theoretical  and  practical;  that  he 
made  innumerable  observations  with  ielescop<^  from  the 
y*ear  16*10,  and,  among  them,  199  observations  of  the 
solar  spots,  with  their  drawings,  calculations,  and  ^he  de- 
terminations of  the  sun's  revolution  round  his  axis,  lltese 
spots  wore  also  discovered  near  about  the  same  time  by 
Gulilea  and  Scheiner.  See  Job.  Fabricius  Phrysins  Dc 
Maculis  in  Sole  obsrrv'atis  h appareiitc  corum  cum  sole 
conver>ioDC  narratto,  l6ll  ; also  Galileo's  Istoria  e l)e- 
mon^lraaioui  inturue  alle  Machie  Solare  e loro  accident!, 
10*13. 

Some  distinguish  the  spots  into  Maculv,  or  dark  spots ; 
and  Faculae,  or  bright  spots.  They  are  very  changeable 
as  to  number,  form,  &c;  and  arc  sometimes  in  a multi- 
tude, and  sometimes  none  at  all.  Some  imagine  they 
foay  become  su  numerous,  as  to  bide  the  whole  face  of 
the  son,  x>r  at  least  the  greater  part  of  it;  and  to  this 
they  ascriba  what  Plutarch  mentions,  via,  that  in  the  hrst 
year  of  the  reign  of  Augustus,  the  sun's  light  was  so  faint 
and  obacure,  that  one  might  look  steadily  at  it  with 
the  naked  eye.  To  which  Kepler  adds,  that  in  1547, 
the  sun  appeared  reddish,  as  when  viewed  through  a 
thick  mist ; and  hence  be  conjecture*  that  the  spots  in 
the  sun  are  a kind  of  dark  smoke,  or  clouds,  floating  on 
bit  surface.  ^ 

Some  again  will  have  them  stars,  or  planets,  passing 
over  the  body  of  the  sun:  but  others,  with  more  probability, 
think  th^'y  art*  opaque  bodies,  in  the  manner  of  crusts, 
formed  like  the  scifms  on  the  surface  of  liquor*. 

M r.  Gascoigne,  the  inventor  of  the  micromeler,  and 
some  others,  fancied  them  to  be  planets  revolving  very 
T>rar  the  sun.  But  his  friend  Mr.Crabtrie  explained  to 
him  very  good  reasons  against  such  a notion;  stating, 
from  his  observations,  that  they  are  no  stars  ;^but  mere 
**  fading  bodies,  unoonstant  (in  regard  of  tbeir  generation) 
and  irregular  o.xcretceocca  ariiing  out  or  proceeding 
VoL.II. 


from  the  sim's  body."  Abridg.  Philos.  Trans,  lol.  5, 
pa.  6SO,  &c. 

Dr.  Dorham,  from  a variety  of  particulars,  which*  lie 
has  recited,  concerning  the  solar  spots,  and  their  conr 
gruityto  what  we  observe  in  our  own  globe,  infers,  that 
they  arc  caused  by  thcer\iption  of  some  ih*w  wlrantj  in 
the  sun,  which,  pouring  out  ut  first  a prodigtilus  quantity 
of  smoke  and  other  opaque  matter,  causelh  the  spots:  and 
as  that  fuli^noiis  matter  decays  and  spemU  itsidf,  nml  the 
volcano  at  last  becomes  more  torrid  and  flaming,  w*  the 
spots  decay  and  Ijecome  uinbne,  and  at  Ui*t  facula* : w bich 
faciils  he  supposes  to  be  no  other  than  more  flaming* 
lighter  parts  than  any  other  parts  rd  the  sun.  Philo-.. 
Trans,  vol.  23,  pa.  I.S04,  and  vol.  *J7,  pa.  270;  or  oiy 
.\bridg  voL  5.  pa.  79  and  622.  • 

Dr.  Franklin  (in  his  Exper.  and  Observ.  pa.  2{>6*)  sug- 
gesis  a conjecture,  that  the  parts  of  the  sun*»  sulphur  se- 
parated by  fire,  rise  into  the  atmosphere,  uud  there  being 
freed  from  the  immedtate  action  of  the  fire,  they  t'ollecl 
into  cloudy  in.ssses,  and  gradually  becoming  loo  hcafy  to 
be  longer  supportixi,  they  descend  to  the  sun,  and  are 
burnt  over  again.  Hence,  he  says,*  the  spots  appearing 
on  his  fare,  vthich  are  observed  to  diminish  daily  in  site, 
their  consuming  edges  being  of  particular  brightness. 

Dr.  Alex.  Wilson,  of  Glasgow,  from  obse^rvations  and 
a train  of  reasoning,  is  of  opinion  that  all  spots,  small  at 
well  as  great,  which  consist  of  a dark  nucleus  and  sur- 
rounding umbra,  are  excavations  in  the  luminous  matter 
of  the  sun.  He  has  also  endeavoured  to  give  a general 
idea  of  the  production,  changes,  and  decay  of  the  solar 
spots,  considered  as  excavations  in  the  bi^y  of  the  sun. 
But  coiicernifig  the  nature  of  that  mighty  agency,  which 
occasions  those  amazing  commotions  in  the  luminous 
matter,  or  concerning  the  density,  viscidity,  and  other 
qualities  of  the  matter,  and  many  other  questions,  ho 
freely  confesses  that  they  far  surpass  bis  knowledge. 
Abridg.  Ph.  Tr.  r.  13,  pn.  .366,  and  t.  15,  pa.  482. 

To  ibis  opinion  of  Or.  Wilson  several  persons  uxblbit 
objections;  among  cithers  M.  Lalande,  in  the  Memoirs  of 
the  French  Acad.  1776,  contends  on  the  contrary,  that 
the  spots  arc  phenomena  prising  from  daik  bodies  like 
rocks,  which,  by  an  alternate  flux  and  reflux  of  the  liquid 
igneous  matter  of  the  sun,  sometimes  raise  their  heads 
above  the  general  surface.  That  part  of  the  opaque  rock, 
which  at  any  time  thus  stands  above,  gi^'cs  the  appearance 
of  the  nucleus,  while  those  parts  which  lie  only  a little  * 
under  the  igneous  matter,  appear  to  us  as  the  surround- 
ing umbra. 

Some  other  respectable  remarks  on  these  phenomena 
are  given  by  Mr.  H.  Manihal]  and  the  Rev.  F.  Wollaston. 
Sec  the  Abr.  Ph.  Tr.  v.  13,  p.i  529»  532. 

Dr.  Herschers  cxpl.nnaiinn  of  these  phenomtaa  is  dif- 
ferent from  ail  the  rest.  The  sun,  he  supposes,  has  an 
atmosphere  resembling  that  of  the  earth;  and  this  at- 
mosphere consists  of  various  elastic  fluids  •ome  of  which 
exhibit  a shining  brilliancy,  while  others  arc  merely  trans- 
patent.  Whenever  the  lucid  fluid  js  removed, ^ihe  body 
of  the  sun  may  be  se<'n  through  those  that  are  transparent, 
os  a dark  spot.  Like  as  an  observer,  placed  on  the  moon, 
sees  the  solid  body  of  our  earth  qidy  in  those'  places  where 
the  transparent  fluids  of  our  atmosphere  permit  him.  In 
others,  the  opaque  vaperyrs  reflect  the  light  uf  the  sun,  , 
without  pencilling  bis  view  to  ^>eneirAte  to  the  surface  of  . 
our  globe.  By  changes  in  the  atmosphere  of  Jupiter; 

Dr.  H.  accounts  for  the  phvooroena  of  his  belts;  and  on 
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ftie  «ime  prisciple  he  illusirates  tho  varioui  Appetrancci 
of  a spol,  which  he  observed  on  the  lun  in  1779*  f his 
spot  extended  norcihan  50  thousand  rnUes;  and  he  ta^’S 
thatf  * the  idea  of  its  being  occasioned  by  a volcanic  , 
cxploaioot  violently  driving  away  a fiery  fluid,  which  on 
ii\  return  would  gradually  fill  up  the  vacancy,  and  tbni 
restore  the  aun  in  that  place  to  its  former  splendour, 
ought  to  be  rejected  on  many  accounts,*  Dr.  H.  appre* 
heads  there  are  coosidcrabic  inequalities  in  the  surface  of 
the  sun;  and  that  theve  may  be  clirvatiom  not  lea  than 
5 or  $00  miles  high.  * A very  high  country,  or  chain  of 
mountainSf  may  oftener  become  visible,  by  the  removal 
of  the  obstructing  fluid,  than  the  lower  regions,  on  ac- 
count of  its  TMt  being  so  deeply  cov*ervd  with  it ; and  some 
of  the  solar  mountains  may  be  high  enough  occasionally 
to  projoci  above  the  shining  elastic  fluid,  when,  by  some 
agitation,  or  other  cause,  it  is  not  of  the  usual  height. 
And  ibis  opinion  is  much  strengthened  by  the  n^turn  uf 
some  remarkable  spots,  which  served  Cassini  to  ascertain 
the  period  of  the  sun's  rotation.—According  to  Dr.  li’s 
hypothesis,  the  black  spots  are  the  opaque  ground  or  bo<ly 
ol  the  sun ; and  the  luminous  part  is  an  ptmospherr,  which, 
being  interrupted  or  broken,  gives  us  a transient  glimpse 
of  the  sun  itself.  These  spots  appear,  with  a 7*feet  re- 
flector, much  depressed  below  the  surface  of  the  luminous 
art.  The  laculse,  as  Hevelios  calls  them,  are  elevated 
right  places,  which  appear  at  diflfcrenl  timesp  and  in  dif- 
ferent circumstances,  of  very  various  figures,  which,  with 
tbt  lower  opaque  parts,  gives  the  sun  at  times  a kind  of 
motlvd  appenranrr.  Philos.  Trani.  Abr.  v.  17,  pa.  478. 

In  short.  Dr.  Hrrschcl,  who  has  paid  great  attention 
to  the  spots  of  the  sun,  considers  that  iumiiniry  as  similar 
to  the  planets,  and  not  a flaming  body. — It  contains  moun- 
tains, some  of  which  he  vup|>osFS  to  he  900  leagues  in 
height.  lu  atmosphere  is  r<»mpo9>eil  of  ditfcrent  ulastic 
fluids,  some  of  which  un^  luminous  or  phosphoric,  and 
others  only  transparent.  'Hie  lormer  make  the  sun  appear 
like  a maM  of  light  or*  fire  ; but  the  parts  of  that  atmo- 
spherd  which  are  <»nly  transparent,  suffer  his  lH>dy  to  be 
sci'ii.  These  are  the  spits,  lie  believes  the  sun  to  be  in- 
habited like  the  other  filancts. 

Laluiide,  on  the  oih«T  hand,  thinks  that  the  sun  is 
really  a solid  hmiy,  but  that  his  suiface  and  part  of  his 
moss  are  composed  of  an  incandescent  fluid.  This  fluid, 
by  any  movement,  leaves  uncovered  sometimes  a portion 
of  the  body  of  ihe  sun  or  his  mountains,  and  tlii-se  are  the 

spdli.  ^^'il■M:>n  considers  the  spots  of  thcsunascrup- 

lions  or  volcanoes. 

For  another  solution  of  these  phenomena,  see  M aculw. 
Various  uibrr  accounts  ami  hypotheses  of  these  spots  may 
be  set*n  in  many  of  the  other  volumes  of  ihe  Philos.  Trans, 
In  one  of  these,  via,  vol.  67,  pa.  398,  Dr.  Horsley  attempts 
to  determine  the  height  uf  the  sun’s  atmosphere  fruro  the 
height  of  the  solar. spots  abuse  his  surface. 

By  means  of  the  obscrvaiiuns  uf  these  spots,  1ms  beep 
determined  the  period  of  the  sun’s  rotation  about  his  axis, 
^z,  by  observing  their  periodical  return.  • 

The  lunar  spots  are  fixed : and  astronomers  reckon  about 
iff  of  them  on.  the  mixms  face;  to  eaeh  of  which  they 
have  given  names.  The  2lit,  called  Tycho,  is  one  uf  the 
most  considerable. 

Onitlar  Spots,  in  Electricity.  See  Circular  .S|po/i 
and  Colours. 

Lucid  Spots,  in  the  heavent,  are  several  little  whitish 
spots,  that  a|ipear  magnified,  and  more  luminous  when 


seen  through  telescopes;  and  yet  without  hiny  sfon  in 
them.  One  of  these  is  in  Andromeda's  girdle,  and  was  fiivt 
observed  in  by  Simon  Marius:  it  has  some  whitish 

, rays  near  its  middle,  is  liable  to  several  changes,  and  is 
sometimes  invisible:  Another  is  near  the  ecliptic,  Jbetween 
the  head  and  bow  of  Sagittarius  ; it  is  small,  huP  very  lu- 
ininnus.  A third  is  in  lliu  baik  of  the  Centaur,  which  is 
too  far  south  to  be  K‘en  in  Britain.  A fuurth,  of  a smaller 
size,  is  before  Aiuinuus's  right  fooc  having  a star  In  it, 
which  makcii  it  appear  more  bright.  A filthis  in  the  con- 
stellation Hercules,  between  the  stars  C and  i;,  which  is 
visible  to  tlic  naked  eye,  though  it  is  but  small,  when  the 
sky  is  clear  and  the  moon  a^ent.  It  is  probable  that 
with  more  powerful  tcliwcopcs  these  lucid  <pois  will  bo 
found  to  be  congeries  of  very  minute  fixed  stars.  8vo 
NSRULOUft. 

/'/mKmty  Spots,  arc  those  of  the  planets.  Astronomers 
find  that  the  planets  are  not  without  their  spots.  Jupiter, 
Mars,  and  V'enus,  when  viewed  through  a leh'scope,  show 
several  very  reniaikable  ones:  and  it  is  by  the  motion  uf 
these sppts  that  the  ruCatiuii  of  the  planets  about  tbeir  axes 
is  concluded,  in  the  tame  manner  as  tliat  of  the  sun  is  de- 
duced from  the  apparcni  muiion  of  his  maculx. 

bPOUT,  or  Water  Spout,  an  cxiraordmary  meft'or, 
or  appearance,  consisting  of  u niuving  column  or  pillar 
of  water;  called  by  the  Latins  lyphu,  and^ipho;  and  by 
the  Kreach  irorope,  from  its  shape,  which  nsemblot  a 
speaking  trumpet,  the  widest  cud  uppermo«>t.  Its  first 
appearance  is  in  form  of  a deep  cloud,  the  upper  part  of 
which  is  white,  and  the  lower  black.  From  the  lower 
part  of  this  cloud  there  hangs,  or  rather  falls  down,  what 
is  properly  called  the  sp«»ut,  representing  a conical  lube, 
largess  at  lop.  Under  (his  tube  is  always  a great  agita- 
tion of  the  water  of  the  sea,  as  iu  a jet  d'eau.  Fur 
8<ime  yards  above  the  surface  ol  the  sea,  the  water  Mands 
like  a column,  or  pillar ; from  the  rxtrciniiy  of  which  it 
spreads,  and  goes  off,  as  in  a kind  of  smoke.  Kiequrnlly 
the  cone  descends  as  low  us  the  middle  of  this  column, 
and  cuntinues  lor  some  time  contiguous  to  it;  though 
sometimn  it  only  p<>ints  to  it  at  some  distance,  ‘either  in 
a perpendicular,  or  in  an  oblique  line.  , 

It  fti-quenily  ha;>pein  that  it  can  scarcely  be  distin- 
guished, w hetbv’r  the  concur  the  column  appears  the  first, 
both  rushing  as  it  were  to  ear  b other  instantaneously. 
But  sometimes  the  water  boils  up  from  the  sea  to  a grerft 
height,  without  any  appeurance  of  a spout  pointing  to  it, 
either  perpendicularly  or  ohliqoely.  Indeed,  generally, 
the  b'dling  or  flying  up  of  the  water  has  the  priority,  this 
always  preceding  its  being  formeil  into  a column,  it 
mure  commonly  liitppervs  that  the  cone  does  not  appear 
hollow  till  towards  the  end,  when  the  sea  Water  is  vio- 
lently thrown  up  along  its  middle,  as  smoke  up  a chiro* 
tiry  : soon  after  this,  the  spout  or  canal  4>reaks  and  di»- 
ap^M-ars;  the  boiling  up  of  the  water,  and  even  the  fdllar, 
cofltinuing  tu  the  last,  and  for  some  time  afterwards ; 
sometimes  till  the  spout  form  itself  again,  and  appear 
amwr,  which  it  will  do  several  times  in  a quarter  of  an 
hour.  See  a de^^riplion  of  several  vCater-spouts  by  Mr. 
Gordon,  and  by  Dr.  Stuart,  in  Phil.  Trans.  Abr.  vol.  i», 
pa.  564,  and  fi47. 

M.  del.i  Pry  me,  from  a near  obscrv*ation  of  two  or  three 
spouts  in  Yorkshire,  described  in  tlie  Philovopbical  Trans- 
actions, num.  981,  or  Abr.  vol.  iv,  pa.  709,  concludes, 
that  the  water  spout  is  nothing  but  a gyration  of  clouds 
by  contrary  grinds  meeting  in  a )h>Iiu,  or  centre;  and 
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ihbre,  where  the  greetc^t  coudcnsatioti  and  gravitation  it, 
f^llingdowQ  inlea  pipe,  orgreai  lube,  sunicn bat  like  Archi- 
raedca't  »{«'  «*!  icrew ; and,  by  itt  working  and  wbiilitig 
inolioo,  abnirbt  and  raitct  the  water,  itf  the  tame  manner 
ab^he  tpiral  terew  does;  thut  di-ttroying  even  the  largrtt 
atiipb  &c.  - 

In  the  month  of  June  he  observed  the  clouds  very  much 
agitated  above,  amJ  driven  log('lher ; upon  which  they  hc> 
came  very  blacky  and  were  hurried  round  ; whence  pro* 
ceeded  a most  audible  whirling  noise  like  that  usually 
heard  in  a mill.  Soon  alter  there  issued  a long  tuU\  or 
spout,  from  the  centre  of  the  congregated  clouds,  in  w hich 
bu  observed  a spiral  motion,  like  that  of  a screw,  by  which 
ihc  water  was  raised  up. 

Again,  August  15,  l6S7»  the  wind  blowing  at  the  same 
time  out  of  (be  several  quarters,  created  a great  vortex 
and  whirling  among  the  clouds,  the  centre  of  which  every 
now  and  then  drppt  down,  in  the  shape  of  a lung  thin 
black  pipe,  in  which  he  could  distinctly  behold  a motion 
like  that  of  a screw,  continually  drawing  upwards,  and 
screwing  up,  as  it  were,  wherever  it  touched. 

In  iu  progress  it  moved  slowly  over  a grove  of  trees, 
which  bent  under  it  like  wands,  in  a circular  motion. 
Proceeding  farther,  it  tore  off  the  thatch  from  a barn, 
beat  a huge  oak  tree,  broke  one  of  its  gnatest  branches, 
and  threw  it  to  a considerable  distance.  He  adds,  that 
whereas  it  is  commonly  said,  the  water  works  and  rises  in 
a column,  before  the  tabe  comes  to  touch  it,  ibis  is 
doubtless  a mistake,  awing  to  the  tineaess  and  tranvpa> 
rency  of  ibe  lubes,  which  do  most  certninly  touch  the* 
surface  of  the  .<ie:i,  liefore  any  cniuiderahle  m«>tion  can 
be  raised  in  it ; but  which  do  not  become  opaque  uiiii  vi- 
sible, till  after  they  have  imbibed  a considerable  quantity 
of  water. 

Tbc  dissolution  of  water  spouts  he  ascribes  to  the  great 
quantity  of  water  they  have  gathered : which»  by  its 
weight,  impeding  their  motion,  upon  which  their  iorct, 
and  even  c.xistancc  depends,  they  break,  and  let  go  ibeir 
contents;  which  frequently  proves  fatal  to  whatever  is 
found  underneath. 

A remarkable  instance  of  this  may  be  seen  in  the  Phi- 
losophical Tmnsactions  (num.  363,  or  Abr.  vol.  vi.  pa. 
4-K))  related  by  Dr.  Richardson.  A spout,  in  1718, 
breaking  on  Eromottnoor,  nigh  Coin,  in  Lancashire,  the 
country  was  immediately  inundated  { a brook,  in  a few 
minutes,  rose  six  feet  perpendicularly  high  ; and  the 
ground  upon  which  the  spout  fell,  which  was  66  feet  over, 
was  torn  up  to  the  very  rock,  which  was-  no  lens  than  7 
feet  deep  ; and  a Jeep  gulf  was  made  fur  above  half  a 
mile,  the  earth  being  raised  in  vast  heaps  oc  each  side. 
Sec  a dcscripUup  and  figure  of  a water-spout,  with  an 
attempt  to  account  fur  it  in  Franklins  Exp.  and  Obs. 
pa.  *206t  &c. 

Signor  Beccaria  has  taken  pains  to  show  that  water* 
spouts  have  an  electrical  origin.  To  make  this  the  more 
evident,  he  first  describes  the  circumstances  attending  (bcir 
appearance,  which  are  the  following. 

They  generally  appear  in  calm  weather.  The  sea  seems 
to  boil,  and  to  >end  up  a smoke  under  them,  rising  in  a 
hill  towards  the  spout-  At  the  same  time,  persons  who 
have  U'cn  near  them  have  heard  a rumbling  noise.  The 
form  of  a waler*spout  if  that  of  a speaking  trumpet,  the 
wider  end  bring  in  the  clouds,  and  the  narrower  end  to- 
wards the  sea. 

The  sue  is  various,  even  in  the  same  spout.  Tbc  co- 
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lour  IS  sometiaves  inclining  t«>  white,  and  soroclimrs  to 
black.  Their  piwiiion  is  sutmiiincs  perpendicular  !•.'  the 
sea,  s'>nietiini*s  oblique;  and  sometimro  the  S|MUt  i(>c]l 
forms  a curve.  'I  heir  continuance  is  very  variou>,  some 
disappearing  as  sooti  us  l->rtmsl,  and  some  continuing  a 
considerable  time.  One  that  be  had  heard  of  continued 
for  an  hour.  Hut  (hey  often  vanish,  and  presently  ap- 
pear again  in  the  same  place.  The  very  same  things  that 
water-spouts  are  at  sen.  are  some  kinds  of  whirlwinds  and 
hurricanes  by  land.  'I'huy  have  bet'n  known  to  (ear  up 
trees,  to*throw,down  buildtngt,  and  make  caverns  in  the 
earth ; and  in  all  6>e»c  cases,  (u  scatter  earth,  bricks, 
stones,  timber,  &c,  to  great  distances  in  every  direction. 
Great  quunlilies  of  water  have  been  left,  or. raised  by 
them,  so  as  to  make  a kind  Of  deluge;  and  (hey  havu  al- 
ways bet'n  attended  by  a prodigious  rumbling  noi-e. 

That  these  phenomena  depend  upon  electricity  cannot 
but  appear  very  probable  from  the  nature  of  several  ol 
(hem  ; but  the  conjecture  it  mode  more  probable  from  9 
tbc  following  additional  circumstances.  I'bey  generally 
appear  in  months  peculiarly  subject  to  ihundcr-sionns, 
and  are  commonly,  preceded,  accompanieti;  or  followed 
by  lightning,  rain,  or  hail,  tbe  previous  state  of  (he  air 
being  similar.  Whitish  or  yellowish  tiashec  of  light  hare 
somctiriK's  been  teen  moving  with  prodigious  swiftness 
about  them.  And  Uvtly,  tbe  manner  in  which  they  ter- 
minate exactly  resembles  wbat  might  be  expected  from 
tbe  prolongation  of  on«‘  of  the  uniform  protuberances  of 
electridcd  clouds,  mentioned  before,  towards  (be  sea;  the 
water  and  the  cloud  mutually  attracting  I'tcb  other:  lor 
they  suddenly  contract  themselves,  and  disperse  almost 
at  once;  the  cloud  rising, and  the  water  of  the  sea  unJt^ 
it  falling  to  its  level.  But  (he  most  remurkable  circunff 
stance,  and  the  rqost  favourable  to  tbe  supposition  of  their 
dopendiog  on  electricity,  is,  that  (bey  have  been  dispersed 
by  presenting  to  them  sharp  pointed  knives  or  swords. 
This,  at  least,  is  the  constant  practice  of  manners,  in 
many  parts  of  the  world,  where  these  water-spouts 
abound,  and  be  was  assured  by  several  of  dicm,  that  the 
method  has  often  been  undoubtedly  effectual. 

Tbe  analogy  bi'tween  the  phenomena  of  watcr-spouti  and 
electricity,  ho  says,  may  be  made  visible  by  banging  a drop 
of  water  toa  wire  corarotioicaung  with  the  prime  conductor, 
and  placing  a vcasel  of  water  under  it.  (n  tiicse  circum- 
stances the  drop  iMumcs  all  tbe  various  appi-arancts  of 
a water-spout,  both  in  its  rise,  form,  and  manaer  of  dis- 
appearing. Nothing  is  wanting  but  the  smoke,  which 
may  require  a great  force  of  electricity  to  become  visible. 

Mr.WiIcke  also  considers  the  water-spout  as  a kind  of 
great  electrical  cone,  raised  between  the  cloud  strongly 
electrified, 'and  the  sea  or  the  earth,  and  he  relates  a very 
remarkable  appearance  which  occurred  to  bunsclf,  and 
which  strongly  confirms  his  supposition.  On  the  20th  of 
July  1758,  ut  throe  o'clock  in  the  afternoon.  He  observed 
a great  quantity  of  dust  riving  fnim  the  grmind,  and  co- 
vering a field,  and  part  of  the  town  in  which  be  then  wot. 
There  was  no  wind,  and  the  dust  moved  gintiy  towards 
the  east,  where  appeared  a great  black  cloud,  which,  when 
it  was  near  its  xenith,  electrified  hit  apparatus  positively, 
and  to  as  great  a dcgriT  a>  ever  he  hail  olnM  rvcd  it  to  be 
done  hy  natural  electricity.  Tliis  cloud  parsed  his  s«'nilh, 
and  went  gradually  towards  tbe  west,  tbe  dust  thru  lol- 
lowing  it,  and  continuing  to  rive  higher  and  hi.her  till  it 
composed  a (hick  piiLr,  in  (be  form  of  « sugar-toaf,  and 
at  length  seemed  to  be  in  contact  with  the  cl^ud.  At 
3 1 % 
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wmr  dbtance  ffom  this,  there  came,  in  4he  sarne  path, 
another  ^rcat  cloud,  together  with  a long  str^-um  of 
smaller  clouds  moving  faster  than  the  preceding.  These 
clouds  eiectriiled  his  uppaiatus.negatively,  and  when  they 
came  near  the  postlivv  cloud,  a flush  of  lightning  wus 
s*'en  to  durt  (hrdugb  the  dluud  of  dust,  the  positive  cloud, 
the  large  negative  cloud,  ujid,  us  far  as  the  rye  could  dis* 
tmgui«li,  the  whole  tram  of  smaller  negative  clouds  which 
followed  it.  Upon  this,  the  negative  clouds  spread  very 
much,  and  dtssolvcil  in  rain,  und  the  air  whs  presently 
clear  of  all  the  dust.  The  whole  Hppeacance  lasted  not 
above  half  an  hour.  Sec  Priestley V Kiectr.  vol.  i. 
pti.  iSc-C. 

'Phis  lltcory  of  water  spout*  has  liecn  farther  confirmed 
by  the  account  which  Mr.  Forster  gives  of  one  of  ihcni, 
in  his  V'oyage  round  the  World,  vol.  i,  pa.  Ipl,  ^c.  On 
the  coast  of  New  Zralund  he  liad  an  opportunity  of  m'c- 
ing  Mrvi-ral,  otic  of  which  he  has  particularly  described, 
a The  water,  he  says,  in  a space  of  or  00  faihonis, 
moved  towards  the  centre,  and  there  rising  into  vapoui, 
by  the  force  of  the  whirling  motion,  ascended  in  a spiral 
form  towards  the  clouds.  l)irect)y  over  the  whirlpool, 
or  agitatAl  spot  in  the  sea,  a cloud  gradually  tapered  into 
A long  slender  lube,  which  seemed  to  descend  to  meet  the 
rising  spiral,  and  soon  united  with  It  into  a straight  Co* 
lumn  of  a cylindrical  form.  The  water  was  whirled  up> 
wards  w ith  the  greatest  violence  in  a spiral,  and  appeared 
tn  leave  a hollow  space  .injhc  ct title;  so  that  the  water 
seemed  to  form  a hollow  tube,  instead  of  a solid  column  ; 
and  tbut  this  was  the  case,  was  rendered  still  more  pro* 
bable  by  the  coluOr,  which  vvhs  exactly  tike  that  of  a 

4olluw  gluss  tube.  After  some  time,  this  last  column  was 
icurvHled,  and  broke  like  the  others  ; and  the  up|>car* 
ance  of  a fiash  of  hgiiining  which  aiiemk-d  its  disjunc- 
tion, as  well  as  the  baiUstones  which  fell  at  the  time, 
seemed  plainly  to  indicate,  that  water  spouts  either  owe 
their  formation  to  the  electric  matter,  or,  at  least,  that 
they  have  some  connexion  with  iu 

In  Pliny’s  time,  the  si'amen  used  to  pour  vinegar  into 
the  sea,  to  assuage  and  lay  the  spout  when  it  approached 
them : our  modern  seamen  think  to  keep  it  off,  by  making 
A fKiive  with  filing  and  scratcbins  violently  on  the  deck; 
or  by  dischurging  en*at  guns  to  di*.|>ersc  it. 

See  the  figure  of  a watcr-spoul,  fig.  I,  plate  33. 
SPRING,  III  NaturHl  History,  a lountain  or  source  of 
watiT.  fisuig  out  of  the  ground. — The  most  gviH’ral  and 
probable  opinion  among  philo!ujphers,  on  the  formation 
of  springs,  is,  that  they  are  foriiied  from  the  rain-water 
which  }>enetrates  the  earth  till  such  timd  as  it  meets  a 
clayey  soil,  or  stratum  ; which  proving  a bottom  sufii- 
cieiitiy  solid  to  sustain  and  slop  its  descent,  It  ^ides  along 
it  that  way  to  which  the  earth  dedim's.  till,  meeting  with 
a place  or  aperture  on  the  surface,  through  which  it  may 
esca{H‘,  it  forms  a spring,  and  perhaps  tbc  be:»<I  ofu  stream 
or  brook.  Now,  that  the  rain  is  sutiictetit  fur  this  effect, 
appears  from  hence,  that  upon  calculating  the  quantity  oJ[ 
rain  ami  snow  which  fulls  vrarly  on  the  tract  of  ground 
that  is  to  furnish,  fur  instance,  the  water  of  the  Seine,  it 
is  found  that  this  river  dot's  not  lake  up  above  oue-sixib 
part  of  it. 

Springs  commonly  rise  at  the  bottom  of  mountains: 
the  reason  is,  that  mountains  collect  the  most  waters,  aud 
give  them  the  greatest  descent  the  same  way.  And  if  wc 
sometiin^  see  springs  on  high  ground*,  and  even  on  the 
tops  of  mountains,  they  must  come  fium  other  remoter 


places,  considerably  higher,  along  beds  of  clay,  or  clayey 
ground,  as  in  their  iiaiurni  channels.  So  that  if  there 
happen  to  be  a valley  between  a mountain  pn  vvhusc  top 
is  A spring,  and  tRe  mountain  which  is  to  furnish  it  with 
water,  the  spring  must  be  considered  as  wAler  conducU'd 
from  a rc^servoir  of  a certain  height,  through  a subter- 
raneous chaimel,  to  make  a jet  of  an  almost  equal  height. 

As  to  the  manner  in  which  iliis  watec  is  coih'cli'd,  s«>  av 
to  furm  u sarvuirs  of  the  difiermi  kinds  of  springs,  it  saCins 
to  be  this:  the  tops  of  mouniains  usually  abound  with  ca- 
vities aud  subterraneous  caverns,  formed  by  nature  to  serve 
as  reservuiis : and  their  pumted  summits,  which  seem  to 
pierce  the  clouds,  slop  thovt*  vapours  uhtch  float  in  the 
atmosphere  ; which  being  thus  Condensed,  they  precipi- 
tate in  water,  and  by  their  gravity  and  Huidily  Vasily  peue- 
irate  through  beds  of  sand  and  the  lighter  earth,  till  they 
become  stopped  in  their  descent  by  the  denser  strata,  such 
as  beds  of  clay,  stone,  Ac,  where  ifu-y  form  a bason  or  ca- 
vein,  and  working  a passage  horizontally,  or  a little  de- 
clining, they  issue  out  at  the  sides  ot  (he  mountains. 
Many  of  these  springs  diacbargc  water,  which  running, 
dow  n between  (be  ndges  of  hills,  unite  their  streams,  and 
form  rivulets  ni  bruoks,  and  many  of  these  uniting  again 
ou  the  plain,  become  a river. 

']  he  perpetuity  of  some  springs,  always  yielding  the 
same  quantity  of  water,  as  well  when  the  least  rain  or  va- 
pour is  afforded  as  when  they  are  the  greatest,  furnish,  in 
the  opinion  of  some  persons,  coii>idrrable  obji  Ctions  to 
the  universality  or  sufficiency  of  the  above  theory.  Dr. 
Derbain  monlions  a spring  in  his  own  parish  of  Upmin- 
stet,  which  he  could  never  p4-rceive  by  his  eye  was  dimi- 
nished in  the  greatest  droughts,  even  when  all  the  ponds 
in  the  country,  as  well  as  an  adjoining  bmuk,  had  been  dry 
for  1‘Cveral  months  together;  nor  ever  to  be  increased  in 
the  most  rainy  tensorts,  excepting  periiaps  for  a few  hours, 
or  at  most  for  a day,  from  sudden  and  violent  rams.  Had 
this  spring,  he  ihougbi.  derived  its  origin  from  rain  or  va- 
pours,there  would  be  found  an  increase  and  decrease  of  its 
water  corresponcJjiig  to  tboM*  of  its  causes ; as  wc  actUHlIy 
find  in  such  temporary  springs,  as  have  undoubtedly  their 
rise  from  r*iin  nnd  vapour. 

Some  naturalivis  therefore  have  recourse  to  the  sea,  and 
derive  the  origin  of  springs  immediately  from  thence. 
Blit  how  the  sia-waier  should  be  raised  up  to  the  surface 
of  the  eaith,  and  even  to  the  tops  of  the  mouiituins,  is  a 
difficuliy,  in  the  schition  of  which  they  cumioi  agree. 
S<in)e  Uincy  a kind  of  hollow  subterranean  rocks  to  receive 
(lie  watery  vapours  raised  from  channels  communicating 
with  the  SI  a,  by  ineatu  of  an  internal  fire,  and  to  act  the 
part  of  alembics,  in  frtK>ing  them  from  their  saline  parti- 
clrii,  HH  well  A4  condensing  and  converting  tbrm  into  wa- 
ter. 'litis  kind  ol  subterranean  labontiory, serving  for  the 
distillation  of  sea-water,  was  (he  imention  of  Descartes: 
see  hiv  Princip.  part  4,  § 0+.  Others,  as  Lahirc  Sec  (.Mem. 
dc  I’Acad.  1703)  set  aside  the  alembics,  and  think  it 
enough  that  there  be  lai^e  subterranean  reaervoirs«f  wa- 
ter at  the  height  o(  the  sea,  Irom  whence  the  warinlb  of  the 
bottom  of  the  earth,  Ac,  may  raise  vapour^  ; which  per- 
vade not  only  the antervals  and  fissures  of  the  strata,  but 
the  bodies  of  the  simia  themselves,  aud  at  length  arrive 
near  the  surface  ; where,  being  comicused  by  the  cold, 
they  glide  along  on  the  first  bi*d  of  clay  they  meet  with, 
till  they  issue  forth  by  some  aperture  in' the  ground.  La- 
hire  adds,  that  the  salts  of  stone  and  minerals  may  contri- 
bute to  the  detaining  and  fixing  the  vapours,  and  convert- 
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ing  them  into  water..  Again,  il  it  urgrd  by  others,  that 
ti’t'U*  it  n slitl  mnic  uututal  atiU  easy  hh)  uI  exhibiting  the 
ri<-e  «it  the  ftcB'Wuler  u|>  into  mounliiiii»  &r,  ^is,  by  put* 
ting  H little  hea^  of  «aiiH,  or  a&bet,  nr  the  hke.  into  a .basi»n 
of  Witter ; UI  which  cum-  tliV  Mtmi  A'C  will  reprrs(*m  ihi*  dry 
lund,  or  an  i«lMnd;  and  the  bason  of  water,  the  tea  about 
it.  Ill  re,  say  fbey,  the  water  in  the  ba^oii  will  riMrtothe 
top  of  tIu'*houp,  or  nearly  in  the  same  tnaimer,  amT 
from  the  »ame  priitci|de,  as  the  waters  nf  ihvsi-a,  lakes, bec, 
rise  in  the  hilU.  The  principle  oC  ascent  in  both  is  ac- 
cordingly 5Up(K»cd  to  Ik*  the  same  with  that  nf.ibc  ascent 
ofliqi|idsin  capillury  tubes,  or  l>ctween  contiguous  planes, 
or  in  u^ul^  hik'd  with  ashes  i all  which  are  now  generally 
accounted  f*r  by  the  doctrine  of  attraction. 

Against  this  last  theory,  Perrault  and  others  have  urged 
*scvtTil  unanswerable  objccrtoiis.  It  supposes  a variety  of 
subterranean  passages  and  caverns  communicating  with 
the  sea,  and  a complicated  ap{>aratus  of  alembics,  with  heat 
and  cold,  Stc,  of  the  existence  of  all  which  we  have  no 
sort  of  proof.  Besides,  the  water  that  is  supposed  to  as- 
cend from  the  depths  of  the  sea,  or  from  subterranean  ca- 
nals proceeding  from  it,  through  the  porous  parts  of  the 
earth,  as  it  ris4*s  in  capillary  tubes,  ascends  to  no  great 
height,  and  in  much  loo  small  a quantity  to  lumish  springs 
with  water,  as  l\rrnult  has  suflicienily  shown.  And 
though  the  sand  and  earth  through  which  the  water  as- 
cends mny  acquire  some  saline  particles  from  it,  they  are 
ncu  riheless  locnpablc  of  rendering  tiso  fresh  as  the  water 
of  our  fountains  is  generally  found  to  be.  .Not  to  add, 
that  in  process  of  lime  the  saline  {farticles  of  which  the 
watiYis  deprived  either  by  subterranean  d<stilUtion  or  hi* 
tmtioii.  must  clog  and  obstruct  those  canals  and  alem- 
bicv,  by  which  it  is  supposed  to  be  ctmveyed  to  our 
spring',  and  the  sea  roust  likewise  gradually  lose  a con>i- 
dc  nible  quanlily  of  its  salt. 

Dtfitrcni  kind*  qf  SrHiHca.  Springs  are  either  such 
as  run  cutuinually,  called  perennial ; or  such  as  run  only 
for  a lime,  and  at  certain  seasons  of  the  year,  and  there- 
fore called  leniporary  springs.  Others  again  are  calk-d 
intermitting  springs  because  they  Aow  and  then  stop,  and 
flow  and  stop  again  ; and  reciprocating  springs,  whose 
waters  n-e  and  fall,  or  Aow  and  ebb,  by  regular  intervals. 

In  order  to  account  for  these  differences  in  springs,  let 
ABCDF.  (Ag.?,  pl*33)  represent  the  declivity  of  a hill, 
along  which  the  rain  descends;  passifig  through  ike  As- 
sures or  channels  b»,  co,  dii,  and  i.K,intu  the  cavity  or 
reservoir  toiiKMi;  from  this  cavity  let  there  be  u narrow 
drain  or  duct  Kr,  which  discharges  the  water  at  e.  As 
the  capacity  of  the  r(*scrvnir  issuppoH*ii  to  belai^e  in  pro- 
portion to  that  of  the  drain,  it  will  furnish  a constant  sup- 
ply of  water  to  the  spring  at  c.  But  if  the  reservoir 
louKMt  be  small,  and  the  drain  large,  the  water  coo- 
tained  in  the  former,  un)i*ss  it  is  supplied  by  rain,  will  be 
wholly  discharged  by  tire  latter,  and  the  spring  will  be* 
come  dry:  and  so  it  will  continue,  even  though  it  rains 
till  the  water  has  had  time  to  penetrate  through  the  curth, 
or  to  pass  through  the  channels  into  the  reservoir;  and 
the  lime  necessary  for  furnishing  a new  supply  to  the 
dmin  KLwilb depend  on  the  sire  ofibc  Assures,  the  nature 
of  the  soil,  and  the  depth  of  (he  cavity  with  which  it  com- 
municates. Hence  it  may  happen, that  the  spring  at  b may 
remain  n\sy  fur  a cbmuderaDle  time,  and  even  while  it 
rains ; but  when  the  water  has  found  its  way  into  the  ca- 
vity of  the  hill,  the  spring  will  begin  to  run.  Springs  of 
(his  kind,  it  is  evident,  may  be  dry  in  wet  weather,  espe- 


cially if  the  duct  be  be  not  exactly  level  with  the  bottom 
<j|  the  cavity  itt  the  hill,  and  discharge  water  in  dry  wea- 
ther; and  the  mtcrmissions  of  ihtf  spring  may  continue 
se  veral  days.  But  if  wesupposc  .\oP  to  rcpromi  another 
. cavity,  supplied  with  water  by  the  channel  Hp,  as  well  a« 
by  Assurea  and  clidts  in  the  rock,  and  by  (he  draining  of 
the  adjacent  earth  ; and  another  channolmrv,  coiqmuni- 
CHting  with  thq  bottom  of  it  at  s,  ascending  to  t,  and  u*!*- 
minaiitig  on  the  surface  at  v,  in  the  form  ol  a siphon ; 
this  disposition  of.  the  inidrnal  cavities  ol  the  earth,  which 
we  may  reasonably  suppose  that  nature  has  formed  in  a 
variety  of  places,  will  setvc  to  explain  the  principle  of  re- 
ciprocating sf>rings  ; for  it  is  plain,  that  the  cavity  xoP 
must  b«  supplied  with  water  to  the  height  qpt,  before  it 
can  pass  over  the  bend  of  the  ckanncl  at  t,  and  then  il 
will  Aow  through  the  longer  leg  of  the  siphon  tv,  and  be 
discharged  at  the  end  v,  which  is  lower  than  s.  Now  if 
the  channel  ktv  l>e  considerably  larger  (ban  Ko,by  which 
the  water  is  principally  conveyed  into  the  reservoir  xo^ 
(he  reservoir  will  be  emptied  of  its  water  by  the  siplion  ; 
and  when  the  water  descends  below  its  oriAcc  a,  the  air 
w ill  drive  th^  remaining  water  out  of  tbe*  channel  srv,  and 
the  spring  will  ctmsc  to  flow.  But  in  time  the  water  in  the 
reservoir  will  again  rise  to  the  height  qpt,  and  ^ di»- 
charged  at  v as  before.  It  is  easy  to  conci  ive,  that  the 
diameters  of  (he  channels  KO  and  stv  may  be  so  piopor- 
tloned  to  one*  another,  as  to  afford  an  intermissioi)  and  re- 
neiiial  of  the  spring  v ni  regular  intervals.  'Jhuv,  if  no 
conimuriiCMles  with  a well  supplied  by  ibv  tirle,  during  the 
time  of  Aow,  the  quantity  of  water  conveyed  by  ipMo  the 
cavity  xor  may  bcsutliucnt  to  All  it  up  loQpr;  and  stv 
may  be  of  such  a sise  ns  to  empty  il,  during  the  time  of 
ebb.  It  is  easy  to  apply  this  reasoning  to  more  cumpli- 
CAtrd  cases,  where  several  reservoirs  and  siphons  commu- 
nicating w ith  each  other,  may  supply  springsoa  iib  circum- 
stances of  greater  variety.  Si'e  Nlusschenbrot'ks  Intiud. 
ad  Phil.  Nat. tom.  li.  pa.  1010.  Desagu.  Kxp.Phil.  vu).ii,pa. 
173,Aec.And  NichoUon’s  Pnilos.  Journal,  v.33,p.  178, «c. 

We  shall  here  obs<*rve,  (hat  Desdguliers  aalls  those  rocs- 
prorating  spring  which  flow  constantly,  but  with  a stream 
subject  toinenase  and  decrease;  and  thus  he  distinguishes 
them  irons  iiitermitiing  springs,  which  A«)w  or  stop  alter- 
nately. it  is  said  ll)at  in  the  diocese  of  Pudrrborn,  in 
Westphaliar  there  is  a spring  which  disappears  after  twen- 
ty-four hours,  and  always  returns  at  theeud  ol  six  houn 
with  a great  noise,  and  with  so  miich  force,  as  to  turn  three 
mills,  ruit  far  from  it»  source,  his  called  the  Holdcrboro, 
or  boisterous  spring.  Phil.  Traot.  No.  7.  'Ihrre  are 
many  springs  of  an  cxtimordinary  nature  in  our  own  coun- 
try, which  it  is  nredleu  to  recite,  as  th|^  are  explicable  by 
the  general  principles  already  illustrated.  * 

bpRiKG,  Per,  in  Astronomy  and  C«*smography,  denotes 
one  of  the  seasons  of  the  year;  commencing,  in  the  norih- 
ern  part*  of  (Hi*  earth  on  the  day  the  sun  enters  the  Arst 
degree  of  Aries,  which  is  about  the  21st  day  of  March,  and 
ending  when  (he  sun  enters  Cancer,  at  the  summer  soislire, 
about  (he  2 1st  of  June;  spring  ending  when  the  summer 
begins.  Or,  more  strictly  and  gerH’rally,  for  any  part  of 
the  earth,  or  on  either  stile  of  the  equator,  the  spring  sea- 
son begins  when  (he  dieridian  altitude  of  the  suii,  being  on 
the  increase,  is  at  a medium  between  the  grt*atest  and 
least ; and  ends  when  the  meridian  altitude  is  at  the  great- 
est. Or  the  spring  is  the  season,  or  time,  from  the  mo- 
meotof  the  sun's  crossing  the  cquatorHiU  he  rise  to  the 
greatest  height  above  it, 
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Ktattr  Spriwo,  \\\  Physics,  dcnoU^  it  nMural  faculty, 
or  eml«avnur,  of  tcruin  boiitea,  to  rctmiitlo  their  Ht»t 
»Ule,  alter  having  bi-en  violently  put  out  of  the  &anic  by 
compressing,  or  bending  them,  or  the  like.  This  faculty 
is  usually  ciUled  by  philosophers,  elastic  force,  or  elas- 
licity. 

SpaiKQ,in  Mechanics,  is  used  to  signify  a body  of  any 
shape,  perfectly  elastic,  or  nearly  so. 

£.7a«<iciiy  a Spiuao.  See  Ki.astic.ty. 

Lrn^th  of  a Sranio,  may,  fn»m  its  eiyinologf,  signify 
the  length  of  any  elastic  bi'tly  ; but  it  is  prtrlicularly  used 
by  Dr.  Junn  to  signify  the  gnsoest  length  to  >*hich  a 
spring  can  be  forced  inwards,  o/  drawn  outwards,  withotit 
prejudice  to  its  elasticity.  Me  observes,  this  would  be  the 
whole  length,  were  the  spring  considered  as  a maihomatical 
* line  } but  in  a material  spring,  it  is  the  differx-nce  between 
the  whole  length,  when  the  spring  is  in  its  natural  situa- 
tion, or  the  situation  it  will  rest  in  when  not  disturbed  by 
anyTxtemal  force,  and  the  length  or  space  it  takes  up 
when  wholly  compressed  and  closed,  or  when  drawn  nut. 

Strentfth  or  Forex  a Sprimo,  is  used  for  the  force  or 
weight  which,  when  the  spring  is  wholly  compressed  or 
closed,  will  just  prevent  it  from  unbending  itsi-lf.  Also 
the  force  of  a spring  partly  bent  or  closed,  is  (he  force  or 
weight  which  is  just  sufficient  to  keep  the  spring  in  that 
state,  by  preventing  it  from  unbending  iUelf  any  farther. 

The  theory  of  springs  is  founded  on  this  principle,  ut 
intensio,  sic  vis  : that  is,  the  intensity  is  as  the  compressing 
force  ; or  if  a spring  be  any  way  forced  or  put  out  of  its 
natural  situation,  its  resistance  isproportionn)  to  the  space 
by  which  it  is  removed  from  that  situation.  Tbit  princi- 
ple has  been  verified  by  the  experiments  of  Dr.  Huoke, 
and  %ince  him  by  those  ^ others,  particularly  by  the  ac- 
curate hand  of  Mr.  George  Graham.  Lectures  De  I'o- 
tentiaRrstiufliva,  1678. 

Kor  ducidating  this  principle,  on  which  the  whole 
theory  of  springs  depends,  suppose  a spring  ct,  resting  at 
L against  any  immoveable  support,  but  otherwise  lying  in 
its  natural  situation,  and  at  full  liberty.  If  thisspriirg  le 
pressed  inwards  by  any  force  p,  or  from  t towards  L, 
through  the  space  of  one  inch,  and  can  be  there  ddained 
by  that  force  p,  the  resistance  of  the  spring,  and  the  force 
p,  exactly  counterbalancing  each  other;  then  will  the 
> double  force  7p  bend  the  spring  through  (he  space  of  2 
inches,  and  the  triple  force  Sp  through  3 inches,  and  the 
quadruple  force  4p  through  4 inches,  and  so  on.  The 
space  CL  through  which  the  spring  is  bent,  or  by  which 
its  end  c is  removed  from  its  natural  situation,  being  al- 
ways proportional  to  the  forco  which  will  bend  it  so  far, 
and  will  jut  detaitvit  when  so  bent.  On  the  other  hand, 
if  the  end  c he  drawn  outwards  to  any  place  A,  and  be 
(here  detained  from  returning  back  by  any  force  p,  the 
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spnee  through  which  it  is  so  drawn  ontwards,  will  be 
also  proportional  to  the  force  p,  which  is  just  able  to<c- 
tain  it  m that  situation. 

it  may  here  be  obscrvwl,  that  (he  spgins  of  rhe  air, 
or  its  clastic  force,  is  a |v>wrr  of  a diderent  nature,  and 
governed  by  different  laws,  from  that  of  a palpable  rigid 
spring.  Kor  supposing  the  line  lc  toTcprcscnta  cylin- 
drical volume  of  air,  which  by  compression  is  reduced  to 
l/,  or  by  diintiim  is  extended  to  LXf  its  elamc  force  will 
be  reciprocally  as  U or  LA ; whereas  the  force  or  resistaiK'e 
of  a spiiag,  is  directly  as  cf  or  cA. 

This  principle  being  premised.  Dr.  Jurin  lays  .down 
a general  tht*ort  m concermiig  the  action  of  a body  ^riking 
on  one  anil  of  a spring,  while  llie  other  * iid  is  Mippostd 
to  rest  ngninst  nn  immoveable  support.  Thus,  if  a spring 
of  the  strength  P,  and  the  length  cl, 
lying  at  full  liberty  upon  an  hori- 
xontal  plane,  rest  with  one  end  l 
against  an  immoveable  support;  and 
a body  of  the  weight  m,  moving 
with  the  velocity  y,  in  the  direction 
of  the  axis  of  the  spring,  strike  di- 
rectly on  the  other  end  c,  and  so  force  the  spring  inwards, 
or  bend  it  through  any  space  co  ; and  if  a mean  propor- 
tional CG  be  taken  helwren  ^ x cL  and  2ii,  where  a de- 
notes the  height  to  which  a body  would  ascend  in  vacuo 
with  the  velocity  v ; and  further,  if  upon  the  radius  k = 
CG  be  described  the  quudrant  of  a circle  ora  : then, 

1.  When  the  spring  is  bent  through  the  right  sine  caof 
any  arc  or,  the  velocity  v of  the  body  la  is  to  the  original 
velocity  v.  as  the  cosine  ar  is  to  thu  radius  co;  that  is 
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3.  The  time  / of  bending  Lbc  spring  through  (he  samu 
sine  cn.  Is  to  t,  the  time  ot  a heavy  body^s  ascending  in 
vacuo  with  the  velocity  v,  as  the  com'tponding  arc  is  to 

2a ; that  is  f : t : : cr  : 2a,  or  < s ~ x t. 


The  doctor  gives  a demonstration  of  this  theorem,  and 
deduces  a great  many  carious  corollaries  from  it;  which 
be  divides  into  three  classes.  The  first  contains  such  co- 
rollaries as  are  of  more  particular  use  when  the  spring  is 
wholly  closed  before  the  motion  of '(he  body  cca&u:  the 
second  comprebends  those  relating  to  the  case,  when  the 
motion  of  the  body  ceases  bnfore  tbe  spring  is  wholly 
closed : and  the  third  when  the  motion  of  the  body  ceases 
at  the  instant  that  the  spring  it  wholly  closed. 

3.  We  shall  here  mention  some  of  the  last  class,  as 
being  the  most  simple;  having  first  premi^d,  (hat  r s 
the  stiengih  of  the  spring,  L s its  length,  v a the  inu 
tiai  velocity  of  the  b .dy  closing  the  spring,  m s its  mass, 
t = time  splint  by  the  body  in  clusing  the  spring,  a as 
htdghi  from  which  a brav^  body  will  fall  in  vacuo  in  a 
second  of  time,  « as  the  height  to  which  a body  would 
ascend  in  vacuo  with  the  velocity  ▼,  c a the  velocity 
gained  by  the  fall,  m a the  circumference  of  a circle, 
whose  diameter  is  1.  *rhen,  the  motion  oC  the  striking 
body  ceasing  when  the  spring  is  wholly  cloocd,  it  will  be, 
1st,  2d,  and  3d, 

, n am  .«  ,plm  , 
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first  momeniiim. 

4.  If  a quantity  of  motion  siv  bend  a sprint  through 
its  whole  length,  and  be  destroyed  by  it;  no  other  quan- 
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tily  of  motion  equal  to  tiie  former,  a«  x will  cloac 

the  *amb  spring,  and  be  wholly  destroyed  by  it.— 5.  But 
a quantity  of  inotitm,  greater  or  U*)*  than  mv,  in  gny  given 
ratio,  may  close  the  same  spring,  and  be  wholly  dcitiroyed 
in  closing  it ; and  the  lime  sp<’nt  in  closing  the  spring  will 
be  respectively  grt^ier  or  h-ss,  in  the  same  ^iven  ratio. — 

6.  The  iniiiul  vis  viva,  or  m v’‘  is  s and  Vom  s pl; 

also  the  Initial  vis  viva  is  as  the  rectangle  under  the  length 
and  strength  of  the  spring,  that  is,  mv*  is  as  pl. — 7-  If 
the  vft  viva  siv*  bend  a spring  through  it.s  whole  length, 
and.be  d<stro)cd  in  closirtg  it;  any  other  vis  viva,  equal* 

to  the  foniuT,  as  a’li  * will  close  the  same  spring,’ 
and  be  destroyed  by  it.-^8.  But  the  lima  of  closing  the 
spring  by  vis  viva  n*M  x , will  be  to  the  time  of  cW 

ing  it  by  the  vis  viva  mv*,  as  n to  1. — 9>  If  the  vis  viv^ 
Mv^  be  uludly  consumed  in  closing  a spring,  of  the  length 
L,  and  strength  P;  then  the  vis  viva  m^m v*  will  be  suffi- 
cient to  dose,  1st,  Either  a spring  of  the  length  L and 
strength  n*p.  2d,  Or  a spring  of  the  length  nL  and 
strength  np.  3<l,  Or  of  the  length  s*l  and  strength  p. 
4th,  Or,  iftt  bea  whole  number,  the  number  n*  of  springs, 
each  of  the  length  L and  strength  P. — It  may  be  add^, 
that  it  appears  from  hence,  that  the  number  of  similar 
and  equal  springs  a given  body  in  motion  can  wholly  close, 
is  always  preportionul  to  (he  squHres  of  the  vebicily  of 
«thnt  body.  And  it  is  frptn  this  principle  that  the  chief 
arguiuent,  to  prove  that  the  lorce  of  a body  in  motion  is 
as  the  square  of  its  sdociiy,  is  deduceil.  Sec  Fohce. 

The  theorem  given  above,  and  its  corollaries,  will 
equally  ImUJ  good,  if  the  spring  be  supposed  to  have  been 
at  ffrst  beul  through  n certain  »p.iice,  and  by  unbending 
itvelf  to  press  upon  a body  at  rest,  and  thus  to  drive  that 
body  before  it,  during  the  titue  of  its  expansion : only  ▼, 
instead  of  bi'ing  (he  initial  velocity  with  which  the  body 
strvck  the  spring,  will  now  be  the  final  velocity  with 
which  the  body  parts  from  the  spring  when  totally  ex- 
panded. 

It  may  also  be  observed,  that  the  theorem,  &c,  will 
equally  bold  good,  if  the  spring,  instead  of  being  pressed 
Inward,  be  drawn  outward  by  the  action  pf  the  body. 
The  like  may  be  said,  if  the  spring  be  supposed  to  have 
been  already  drawn  outward  to  a certain  length,  and  in 
restoring  iudf  drawr  the  body  after  it.  And  lastly,  the 
theorem  extends  to  a spring  of  any  form  whatever,  pro- 
vided L be  the  greatest  length  it  can  be  extended  to  from 
its  natural  situation,  and  p the  force  which  will  confine  it 
to  that  length.  ^ Philos.  Trans,  num.  47?,  sect.  10, 
or  vol.  43,  art.  10.  .. 

SpaiVG  is  more  particularly  used,  in  the  M^hanic 
Arts,  for  a piece  of  tempered  steel,  put  into  various  ma* 
chines  to  give  them  motion^  by  the  endeavour  it  makes  to 
unbend  itself,  in  watches,  it  is  a fine  piece  of  wcIl-bcaten 
steel,  coiled  up  in  a cylindrical  case,  or  frame;  which  by 
stretching  itself  forth,  gives  motion  to  the  wheels,  &C. 

Spring  /frhor,  in  a Wntch,  is  that  part  in  the  middle 
of  the  spring-box,  about  which  the  spring  is  wound  or 
turnecl,  and  to  which  it  Is  booked  at  one  end. 

Spring  Box,  in  a Watch,  it  the  cylindrical  case,  or 
frame,  containing  within  it  the  spring  of  the  watch. 
SpRiso  Com^Mcr.  See  Compasses. 


Spring  rtf /Ac /fi>,  or  its  dastiq  force.  SeeAia^and 
Elasticitv. 

SpRiNG-iVifer,  arc  the  higher  lidi'S,  about  the  times. of 
(he  new  and  full  moon.  Sec  Tina.  * 

Spring  V,  or  Elastic  Body.  See  Ei.astic  Body. 

SQUARE,  in  Geometry,  a quadrilateral  figure,  whose 
anglo  qre  right,  and  sides  equal.  Or  it  is  nn^uilaieral 
rcclangular  pacalielogram.  A square,  and,indml  any 
other  parallelogram,  is  bisected  by  its  diagonal;  but  the 
side  of  a square  is  incommensurable  with  its  diagonal, - 
being  in  (he  ratio  of  1 to  y^2. 

To ^nd  Area  of  a Square.  Multiply  the  side  by 
itself,  and  the  product  is  the  urea.  So,  it  the  side  be  10,* 
the  area  is  lOO  ; and  if  the  side  be  12,  the  area  is  144. 

Square  Fool,  is  a square  each  side  of  which  i»  equal 
to  a foot,  or  12  inches;  and  the  area,  or  square  foot  is 
equal  to  144  square  inebex. 

QtomctTictii  Square,  h compaitmcnt  often  added  on 
the  face  of  a quadrant.  See  Lint  of  Shadows,  and  Qua- 
drant. * 

Cr' tmner'i  Square.  Sec  Quadrant.  « 

3/ai^c  Square.  Sit  Magic 

Square  ISfeasurts,  the  squares  of  the  lineRl  mcasurqsi 
as  in  the  following  table  of  square  measures: 


S|i».  Incttr*.  Sq.Fm. 

Sq.  Viird*. 

Sq  Pol** 

Sq.Milrf. 

144  1 

1396  9 

99104  ■ 3;3l 

.A97364  S8S*i 

6973640  43SAO 

4014469600^  37S7H40D 

1 

4«4 

4b40 

AO97600 

' ] 
16 
lio 

103400 

1 

10 

6400 

1 

640 

1 

iVrtrma/ Square,  is  an  invtrament,  made  of  wood  or 
metal,  M*rviog  to  describe  and  measure  right  angles  ; such 
is  ABC.  It  con- 
sistx  of  two  rulers  B 

or  l^raiichci  fast- 

ened  togeiherper-  \ 

pendicuiarly.—  j ^ \ 

When^  the  two 

legs  arc  moveable  . ■■  ■ 

on  a joint,  it  is  Jm  , 

called  a bevel.—  ^ ^ 

To  examine  whether  the  square  be  exact  or  not  De- 
scribe a semicircle  dbe,  with  any  radius  at  pleasure;  io 
the  circumference  of  which  apply  the  angle  of  the  square 
to  any  point  rs  b,  aad  the  edge  of  obe.  leg  toono^nd  of  the 
diameter  as  D,  then  If  the  other  leg  pass  just  by  the  other 
extremity  at  e,  the  square  is  true;  olberwiiv-  not. 

Square  Numbeff  is  the  product  arising  (rum  a number 
multiplied  by  itselfl  Thus,  4 ia  the  square  of  2,  and  id 
the  square  of  4. 

The  scries  of  square  integera,  Ml,  4,  9t  1^*  3d,  &c; 

which  nre  the  squares  of  • 1,  2,3,  4,  5,  d.  Sec, 

Or  the  square  fractions  • • 

which  are  tha  squares  of  * i«  4*  E*  4' 

A square  number  is  to  called,  , 3 

cither  because  it  denotes  the  area 
of  a square,  whose  side  it  expressed 

by  the  root  of  the  square  number; 

as  in.  (be  annexed  square,  which  3 3 

consists  of  9 little  squares,  the  side  — ^ 

being  equal  to  3 ; or  else,  Ivhich  is 
much  the  same  thing,  because  the 
points  in  the  number  may  be  ranged  3 
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in  Uic  form,  of  • square,  by  makin 
root,  or  factor,  the  sMe  of  it,  thus, 

Some  properties  of  squares  are  as  fuUovr : * 

1.  Of  the  * • • 

Natural  series  of  squares,  t*,  2®,  3*,  -V*  , 5cc, 

which  arc  rqutU  to  1 • 4 , 9 » 1^’ » » 

The  mean  proportional  ntn  between  any  two  of  these 
squares^  and  a\  is  equ^l  to  the  square  *p)os  its 
root  mnltj|f1ied  by  the  difieience  of  the  ro«its;  or  also 
equal  jo  the  greater  square  minus  its  root  muiliplied  by 
the  said  dilference  of  the  roots.  That  is, 

mn  — w*  -f-  dm  = n*  — rf/i ; ^ 

* ' where  = n — m is  (he  difference  of  then:  roots. 

2.  An  arithmetical  mean  betwinui  any  two  squaies  m* 

and  exceeds  (heir  geometrical  mean,  by  half  the  square 

of  the  dilTerance  of  their  roots. 

That  is,  4»«*  In'*  = mn 

3.  Of  three  equidistant  squares  in  thoeries,  the  gromc- 
trical  mean  between  the  extremes,  is  less  than  the  middle 
square  by  tfur  square  of  their  common  distance  in  the  sc*^ 
(ics,  or  of  the  common  difference  of  their  roots. 

, That  is,  OTp  = n*  — d'j 
where  «,  It,  p,  arc  in  arithmetical  progression,  the  cum* 
mon  difference  being  d. 

4.  The  diiliL'rence  between  the  two  adjacent  squares 

m",  and  n*,  is  n*  — m*  — 2m  -f-  I ; 

in  like  manner,  p*  -*  n*  = 2n  *♦-  1,  the  difference  be- 
tween the  next  two  ai^accnt  squares  a*  and  p'*;  and  so 
on,  for  the  next  following  squares.  Hence  the  difli  rence 
of  these  differences,  or  the  second  diffenmee  oflhc  squares, 
if  2«  — 2w  = 2 K (a  — m)  = 2 only,  because  s — m 
= 1 1 that  is,  the  secoiql  differeners  of  the  squares  are 
each  the  same  constant  number  2;  therefore  the  first 
differences  will  be  found  by  the  cdntinual  addition  of  the 
number  2;  and  then  the  squares  themselves  will  be  found 
by  the  continual  addition  of  the  first  differences;  and 
thus  the  whole  series  of  Squares  is  constructc<i  by  addi- 
tion only,  as  here  below : 

2d  Diff,  2 2 2 2 2 2 &c. 

1st  Diff.  1 3 5 7 9 It  13  tVc. 

Squares  I 4 9 25  36'  49  dtc. 

* And  this  method  of  constructing  the  table  of  square 
numbers  was  first  noticed  by'  Pelctarius,  in  his  Algebra. 

5.  Another  curious  property,  also  noted  by  the  same 
author,  is,  that  the  sum  ot  any  number  of  the  cubes  of 
the  natural  series  1,  2,  3,  4,  &c,  taken  from  the  begin* 
ning, always  raakts'a  square  number;  and  that  the  scries 
of  squares,  so  formed,  have  for  their  roots  the  numbers 

1,  3,  6,  10,  15,  21,  Ac, 
ibcdiffs.  of  w hich  are  1,  2,  3,  4,  5,  6,  Ac, 
vi*,  = !%• 

l»  2^  = 3\ 

' 1’  2^  -t-  3*  = 

H 2’  3’  4*  = 10’;  and  in  general 

^ 2^  3^ 

where *n  Is  the  number  of  the  terms  or  cubes. 

6.  Every  odd  square  number,  when  divided  by  8,  leaves 
a remainder  1.  Orerury  odd  square  is  of  the  form  8n-»- 1. 

7.  Every  even  square  is  of  the  form  4».  . Therefore  no 
number  of  the  form  4'i-«-2,  or4n-t-3,  is  a square  number. 

8.  No  number  of  the  form  2i’  i 3n*,  can  be  a square. 
No  number  of  the  form  2t*^5«'  can  be  a square.  The 
following  tabic  shows  many  of  the  impossible  forms  for 
square  number,  arranged  according  to  every  modulus 


] SQU 

from  2 to  4 ! : that  is,  no  number  contained  in  any  one 
of  these  forms  can  be  a square. 

Table 

0/  the  impotsibfc  Famis  for  namben. 


Modulus  A. 

M<<dulus  4. 

Mudnlui  i. 

it'  ± syn‘ 

2i*  , 4(/a’ 

21*  - itft' 

31'  ± 3 ft* 

3l^  ± iqn' 

i<*  ± 3,n’ 

6l*  - iqtt' 

7i*  - 5y»* 

± 3gn' 

71*  ± 42»’ 

81*  ..  5y»’ 

lU’  + S«n* 

lOt* 

121*  ^ 5»‘ 

U(»  ± 3tpi’ 

1 U»  ± 4,B* 

131*  ^ iqn' 

Ctfl^rsl  rurm>. 

Gencni  Funns. 

Griwfsl  Form. 

(3pf2)i'  i fifi) 
S/rf"  ± 5<fr 

(4p±2)r» 
(4p-*-3)r*  ± ^qn 

{3p  ± 2)1*  ..  5jii’ 

Modulus  6. 

Modulus  7. 

Modulus  8. 

• 2/*  ± 6yn’ 

3t*  ± 6^’ 

31*  ± 7<ft' 

2i»  + 8w* 

51*  ± 7qn' 

31*  + Sqn\ 

5/*  + 

Gi*  ± 7qn' 

it'  ± Son' 

8(*  ± Gift' 

lOr*  ± 7qt' 

6<*  i 8^n'* 
1(V‘  ± &<pt* 

III*  ± Gift' 

121*  ± 7'ft' 

141*  ± Gift* 

I3t*  £ 71*’ 

ill*  ± 8yn* 

Gnyenl  Forms. 

G«Dcrsl  Forms. 

GsaeraJ  Forms. 

(3;  + 2)1*  ± 6qti‘ 

(7p  + 3)i«±79»« 

(8/>±2)l‘  ± 8,»’ 

3/K*  -t-  6y»- 

(7p-+»5)r*  ± 79»* 
(7pT»-6)/*±79a« 

(8p±3)i*  ± Sqn' 

Mudulus  9. 

Modulas  to. 

Modulus  11. 

21*  ± 9,n* 

21*  ..  lOjn’ 

21*  ± 11,»» 

31*  - 91*' 

3f  - lO,,* 

6r*  db  I ly"* 

51*  ± 9,n* 

7«*  ..  10^’ 

71*  ± lly»* 

fo*  ...  1)^* 

81*  ^ lojn* 

81*  ± ll9»* 

81’  ± 9?»’ 

121*  ^ lOpt' 

lOI*  ± II9B* 

III’  ± 9j»’ 

13l*  ..  lOjn' 

131*  ± 11,** 

GmenI  Forins. 

Grneftl  Fonns. 

Gcfiml  Forms. 

(9p+3)i*  ± 9qti' 
(9p±3)i*  ^ 9?"' 

ilC 

(5/>±2)l'^10,«' 

(Ilp  + 2)l’±  llpi* 
(lipt6)i*  ± 11,*’ 
Ac 

In  this  table  it  is  only  necessary  to  remark  that  g must 
always  be  taken  prime  to  the  modulus. 

Square  Root,  a number  considered  as  the  root  of  a 
second  power  or  square  number : or  k number  which 
multiplit^  by  itself,  produces  (be  given  number.  See 
Extraction  of  Roots,  and  also  the  article  Root,  where 
tables  of  squares  and  roots  arc  inserted. 

T.  Square,  or  TVe  Square,  e 
an  instrument  used  in  drawing, 
so  calltxl  from  its  resemblance  to 
the  capital  letter  t.  • This  instru- 
of  two  straight 


. inent  consists 

a*  = (1 -4-2-*-34*n5*=i"('*'^‘ 0»  rulers  ABtnd  ci>,  fixed  alright 
‘ **  angles  to  each  other.  To  which 

is  sometimes  added  a third  ef, 
moveable  about  the  pin  c,  to  set 
it  to  make  any  angle  with  CD.-^ 
le  is  very  useful  for  drawing  parol* 
U-l  and  perpendicular  lines,  on  the 
face  (*f  a smooth  drewine-board. 

SQUARED-ryvure,  Squared' 
cube,  Aq.  See  Power. 
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SQUARING.  Sc«  QuADaATt'UE. 

S^UAKiNO^Atf  Cwr/cj  is  iho  making  or  finding  asquare 
whoso  area  shall  U’  equal  to  that  of  a given  circle.  Thu 
best  malhemuticians  have  not  yei  been  able  to  resolve 
ibis  problem  accurately,  and  perhaps  never  will.  But 
they  can  easily  ctime  to  any  proposed  degrt‘0  of  approxi* 
mation  whatever;  fur  instance,  so  near  a.s  not  err  so 
much  in  the  ari'a,  as  a grain  of  sand  would  cover,  in  a 
circle  whoso  diameter  is  equal  to  that  of  the  orbit  of  Sa* 
turn.^  The.  folluwlng  proportion  is  near  enough  the  truth 
tor  any  real  use,  viz,  as  1 is  to  *8862^69^,  so  is  the  dia> 
Oictcr  of  any  circle,' to  the  side  of  the  square  of  an  equal 
area.  Tbcrufurc,  if  (be  distneter  of  the  circle  be  called 
d,  and  the  side  of  (he  equal  square  t; 

then  IS  s = ’$86226'92d  s=  ^ Jd  nearly, . 
and  d ss  — = 44s  nearly. 

, See  Circle,  Diameter,  and  Quadrature. 

STADIUM,  an  ancient  Greek  long  measure,  said  to 
contain  125  geometrical  paces,  or  625  Roman  feet ; cor< 
responding  to  our  furlong.  Right  stadia  make  a geome- 
trical or  Roman  mile;  and  20,  according  10  Dacier,  a 
French  league:  but  according  to  others,  800  stadia  make 
4lf  leagues.— >Guilletiere  obs6rves,  that  the  stadium  was 
only  600  Athenian  feet,  which  amount  to  625  Roman,  or 
560  French,  or  604  English  feet:  so  that  the  stadium 
should  huve  been  only  1 Id  geometrical  paces.  It  must 
be  obsened  however,  that  the  stadium  was  difierent  at 
different  times  and  placet.  * 

Thus,  according  to  the  measures  of  Hipparchus,  ?6p 


S^'AFF,  ^/niicais/af*z,  Augural,  Back,  CroA,  Fare, 
Offset,  Ac,  See  these  several  articles. 

ST.ANLEY  (Thomas),  f.  r.  s.  a learned  writer,  sun 
of  Sir  Thomas  Stanley,  of  Uertfordsbirr,  died  in^^e8t- 
minSter  April  12,  1678.  He  studied  at  Pembroke  Hall 
in  the  uuiversity  of  Cambridge,  with  great  credit, 
where  he  took  the  degree  of  a.  M.  |640,  alter  which  he  ” 
went  on  his  travelit.  On  his  relurn  he  entered  of  the 
Middle  Temple,  but  did  nut  follow  the  l«tw.  He  was  one 
of  the  early  fellows  of  the  Royal  Society,  being  cliK’tcd 
in  July  J66l,and  wav  oteemed  a very  K-arqcd  andwnrihy 
’ member.  He  edited  some  of  (he  ancient  davsics,  with 
notes  ; and  published  several  ingenious  poertis  of  his  own, 
as  well  as  some  ixanslations.  But  (he  work  on  acebunt 
of  which  he  claims  a place  in  this  Di<;tionary,  is  his 
History  of  Philosophy  and  Lives  of  Philosophers,  in 
folio.  This  was  first  published  in  3 psrts,  in  1655, 
1656,  and  1660.  And  in  1662  came  out  his  Chaldaic 
Phiioaophy  also. 

STAR,  Stp.lla,  in  Astronomy,  a general  name  fur  all 
the  heavenly  bodi<n.  The  stars  are  distinguisbod  into 
fixed  and  erratic  4»r  waiulenng. 

Erratic  or  tVuiuUrifig  Stars,  are  those  whibh  are  con- 
tinually changing  their  places  and  distances,  with  regard 
to  each  other.  These  are  what  are  properly  called 
planets.  Though  to  the  same  class  may  likewise  be  re- 
ferred comets  or  blazing  stars. 

Fired  Sta  rs,  called  also  barely  Stan,  by  way  of  emi- 
nence, are  those  which  have  usually  been  observed  lokrep 
the  same  distance,  with  regard  to  each  other.  The  chief 


stades  make  a degree  on  a great  circle  of  the  earth,  or  * circumstances  observable  in  the  fixed  stars,  are  their  di- 


about  11^  to  the  English  mile.'  By  the  result  of  Pto- 
lemy’s measures  716'i  stades  make  a degree,  or  10(  an 
English  mile.  According  to  Vernon,  Stuart,  and  Cbaud- 
ler,  all  of  whom  measured  it,  the  Panathenaian  stade  was 
rather  more  than  6OO  Greek  feet  in  length.  Now  the 
Greek  fool  if  to  the  English,  as  107*29  to  lOt^J  there- 
fore the  length  of  that  stade  was  about  604  English  fi^t, 
or  9i  nearly  Panathaean  stades  were  equal  to  an  English 
mile.— For  an  interesting  disquisition  on  the  diffi-rent  kinds 
of  Stades,  see  the  Quarterly  Review,  vol.  5,  p.  278  Ac. 


stance,  magnitude,  number,  nature,  and  motion. 

Dietance  the  Fired  Stars.  The  fixed  stars  ar^  so 
extremely  remote  from  os,  that  we  have  no  distances  in 
the  planetary  system  to  compare  to  them.  Their  im- 
mense distance  appears  from  hence,  (hat  they  have  no 
sensible  parallax  ; that  is;  that  the  diameter  of  tbeearlh’s 
annual  orbit,  which  is  nc-urly  190  millions  of  miles,  bears 
no  sensible  proportion  to  their  distance. 

Mr.  Huygens  (Cosmothror.  lib.  4)  attempts  to  deter- 
mine the  distance  of  the  stars,  by  making  4he  aperture  of 


Eratosthenes,  in  his  measurement  of  the  earth,  makes  a telescope  so  small,  that  the  sun  through  it  appears  no 


the  circumference  of  it  equal  to  90,000,000  stadia,  or 
one  degree  equal  to  250,000  stadia.  Now  if  in  this  va- 
luation we  make  use  of  the  Egyptian  stadium,  60  of 
which  make  3024  toiscs,  we  shall  have  for  the  length 
of  the  degree  about  35,000  loises,  which  is  too  little  by 
the  modern  iiitasuremeDt,  its  true  length  being  about 
57050  toises. 

The  Olympic  stadium,  Jt  is  said,  was  about  94  feet  3 
inches  French  measure^  and  supposing  this  to  have  been 
that  employed  by  Eratosthenes,  wc  should  have  for  the 
length  of  a lerreftrial  degree  65625  toises,  which  is  much 
too  great. 

It  follows  therefore,  cither  that  wc  are  unacquaint- 
ed with  the  true  length  of  the  stadium,  at  least  that  em- 
ployed by  Eratosthenes,  or  that  ibis  celebrated  ancient 
^ astronomer  was' much  deceived  in  his  mcasurcroent : both 
of  thos»  are  probable;  and  perhaps  some  of  (he  other 


laraer  than  Sirius;  which  he  found  to  be  only  as  L to 
27664  of  bis  diameter,  wherf  seen  with  the  naked  eye.  . 
So  that,  were  the  sun’s  distance  27i664  timet  as  much  as 
it  is,  it  would  then  be  seen  of  the  same  diameter  with 
^irius.  And  hence,  supposing  Sirius  to  be  a sun  of  the 
same  magnitude  with  our  sun,  the  distance  of  Sirius  will 
be  found  *to  be  27,664  times  the  diltance  of  ihe  sun,  or 
345  million  tiroes  the  earth's  diameter. 

..Dr.  David  Gregory  investigated  ific  distance  of  Sirius 
by  supposing  it  of  thc^mc  msgnitude  with  the  sun,  and 
of  the  same  apparent  diameter  with  Jupiter  in  opposi- 
tion: as  may  be  seen  at  large  in  his  Astronoiify,  lib.  3, 
prop.  47* 

Cassini  (Mem.  Acad.  1717),  by  comparing  Jupiter  and 
Sirius,  when  viewed  through  the  same  telescope,  inferred, 
that  the  diameter  of  that  planet  was  10  timet  as  great  as 
that  of  the  star;,  and  (he  diameter  of  Jupiter  being  50”, 


stadia,  which  are  mentioned  by  different  authors,  are  in  he  concluded  (hat  the  diameter  of  Sirius  was  about  5" 
a great  measure  the  result  only  of  their  own  imagination  : supposing  limn  the  real  magnitude  of  Sirius  10  be  equal  to 
thus,  M.  Picard,  after  supposing  (his  measurement  of  Em-  that  of  the  sun,  and  (he  dbtance  of  the  ton  Irom  us 
tosthenes  to  be  exact,  (hence  deduces  the  value  of  the  ' 12,000  diameters  of  the  earth,  and  the  apparent  dume- 
stadium,  making  it  equal  to  51' toises  10  inches.  ter  cd*  Sirius  being  to  that  of  the  sun  as  1 to  384,  the 
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distanc^of  Siriui  bccocncs  equal  to  4,608,000  diamttrrs 
of  the  etirth.  ^ 

'llicic  rocibcKU  of  Huygens,  Gritgory,  und  Cassini,  are 
conjectural  and  prccariuiis;  butli  because  iSe  suit  uud 
Sirius  arc  suppnscti  tif  cqi^l  magnitude,  and  also  because 
It  is  supposed  the  diameter  of  Sirius  is  dclcrmiocd  aith 
sufficient  exactness.  * • 

Mr.  Michrll  has  proposed  an  inquiry*  into  the  proba* 
ble  parallax  and  msqjniiudc  of  the  fixed  stars,  iruro  the 
quantity  of  light  which  tht*y  alTord  us,  and  the  peculiar 
circumstances  of  their  situation.  With  this  view  he  sup- 
poses, that  they  arc,  on  a medium,  equal  in  magnituule 
and  natural  brightness  to  the  sun;  and  then  proceeds  tu 
inquire,  what  would  In*  the  parallax  of^liic  sun,  if  he  wt-ro 
to  be  removed  so  far  from  us,  as  to  makc'the  quantity  uf 
the  light,  which  we  should  then  receive  from  him,  no 
more  than  equal  to  I hut  uf  the  fixed  stars.  -Accordingly, 
he  n^siimes  Saiurn  in  opposition,  as  equal,  or  nearly  equal 
in*light  to  the  brighicsi  fixed  star.  As  tbe  mean  distance 
of  Saturn  from  the  sun  U equal  to  almut  y092  of  the 
sun's  scinidiunieters,  the  density  of  Uie  sun's  light  at  Sa- 
turn will  consequently  be  less  than  at  his  own  surface,  m 
the  ratio  of  the  square  uf  2082  or  4,334,724  to  1 : if 
Saturn  thert'fore  nik-cted  all  the  light  that  falls  upon 
him,  he  would  be  less  luminous  in  the  same  pro> 
portion.  And  besides,  his  apparent  diameter,  in  the 
opposition,  being  but  about  the  fOJlb  part  of  that  of 
the  sun.  the  quantity  of  light  which  we  receive  from  him 
must  be  again  diminished  in  the  ratio  of  the  square  uf  103 
or  11,025  to  1.  Consequently,  by  multiplying  tht»c  two 
numbers  together,  we  shall  have  the  whole  of  the  light  of 
the  sun  to  that  of  Saturn,  as  the  squan*  rwarly  of  220,000 
or ^8,400,000.000  toj.  Hence,  lemovii^  the  sun  to 
220,000  limes  his  present  distance,  he  whuld  still  ajH 
pear  at  least  as  bright  as  Saturn,  and  his  whoU  paralUix 
upon  the  diameter  of  the  earth's  orbit  would  be  less  than 
2 seconds;  ami  this  must  be  assumed  fur  tho  parallax  of 
the  brlghu;st  uf  the  fixed  stars,  on  the  suppi^iliun  that 
their  light  <locs  not  exceed  (hat  of  Saturn. 

Uy  a like  cumputaiion  it  may  be  ruuiu),  that  ihe  di- 
stance^  ut  which  the  sun  would  atfurd  us  much  light 
as  wc  receive  from  Jupiter,  is  not  less  than  40,000  times 
his. prest'ni  distance,  and  bis  whole  parallax  in  that  case, 
on  the  diameter  of  ihe  earth’s  orbit,  would  not  be  more 
than  9 seconds ; the  light  of  Jupiter  und  Saturn,  as  six-ii 
from  tho  carib,  being  in  the  ratio  of  i^bont  22  lo  1,  when 
they  are  both  in  opposition,  and  supposing  them  to  re- 
flect equally  in  proportion  to  tho  whol^  of  the  light  that 
falls  upon  them.  But  if  Jupiter  and  Saturn,  instead  of 
reflecting  the  whole  of  the  light  that  falls  upon  them, 
should  really  reflect  'oi4y  a part  of  it,  as  a 4th,  or  a 6'th, 
which  may  be  tbe  case,  the  aboi^  distances  must  be  in- 
creased in  tbe  ratio  of  2 or  2\  to  1,  to  make  tbe  sun's 
light  no  more  than  equal  to  theirs;  and  his  parallax  would 
be  less  in  the  same  proportion.  Supposing  then  that  the 
fixed  stars  are  of  the  same  magnitude  and  brightness  with 
the  sun,  it  is  no  wonder  that  their  parallax  should  hi* 
therto  have  escaped  observation;  since  in  this  case  it 
could  hardly  amount  to  2 seconds,  qnd.  probably  not 
more  than  one  iti  Sirius  himself,  though  be  bad  been 
placed  in  the  pole  of  the  ecliptic ; and  in  l^o'se  that  ap- 
pear much  less  luminoun,  as  y D(aconi$,  which  is  only  of 
the  Sd  magnitude,  it  could  hardly  be  expected  to  be  sen- 
sibla  with  such  instruments  at  have  hitherto  been  used. 


Howevc  r,  Mr.  Michell  suggi'stf,  that  it  is  not  impracticable 
to  convlruci  i(.strumvnt>  capable  of  diMinguisbiug  even  to 
the  20ih  part  of  a second,  provided  the  aii  will  adiiut  of 
that  degree,  of  cxacMit-»s.  This  iiu:<  itimis  writer  npproi 
bends  thaf  the  quantity  of  light  which  wc  n ceiae  from 
fiirinx,  docs  not  exceed  ihc  light  wc  receive  from  the  le-.iSt 
fixed  star  of  the>  6ih  iiiaguitudc.  in  a greater  rut^u  ihaa 
that  uf  1000  lu  1,  nor  less  (ban  that  of  400  to  1*;  and 
the  smaller  stars  of  the  2d  maginiudesetm  tu  be  about  a 
mean  pro|M>rlional  between  liie  other  two.  Heucc  the 
whole  parallax  of  tbe  least  fixed  stars  ol  the  (iili  magni* 
tbde,  supposing  tbem  of  the  same  site  and  native  bright* 
dess  with  the  sun,  should  be  from  about  ‘i"*  to  3'^,  and 
their  distance  frons  about  8 Co  12  millidn  times  that  of 
the  sun;  and  the  parallax  ol  the  snia>li-r  stars  »f  the  2d 
martnitude,  on  the  same  supplxitton,  should  be  about 
12"',  and  their  distance  about  2. million  liiues  that  of 
the  sun. 

This  author  further  suggests,  that,  from  the  apparent 
situiition  of  the  stars  in  ihe  heavens,  it  is  highly  prtibabln 
that  tbe  stars  are  collecied  togellicr  in  clu-ters  in  some 
places,  where  they  form  systems,  wlulc  in  otliers  there  arc 
either  few  or  none  of  them;  wlietlier  this  disposition  be 
owing  lo  their  muliial  graAtatioii,  or  lo  suinetuher  law  or 
apjadutment  ol  the  Creator.  Hence  it  may  br-  interred, 
that  such  doulde  stars,  &c,  as  appi-ur  to  consist  of  two  or 
nson*  slurs  }daced  very  near  tugeilicr,  do  really  consist  of 
stars  placed  near  togvihep.aml  under  the  infiueiuc  of  some 
general  law  : and  he  proceeds  to  tiiqtUFe  whether,  if  tho 
Otars  be  collected  into  systems,  the  sun  dot-s  not  likewise 
make  one  of  some  system,  ami  which  lixetl  Mars  those  ara 
that  belong  lo  the  stime  system  with  him. 

Those  Blarv,  he  apprehends,  which  an*  found  in  clusters, 
and  surrounded  by  many  others  ut  a small  distance  from 
them,  belong  probably  to  oilier  systems,  and  not  to  ours. 
And  those  stars,  which  arc  surrounded  with  nebultt>,  are 
probably  only  very  large  stars  which,  <m  arcount  of  their 
superior  magnitude,  are  rtngiy  visiblcr  while  tbe  others, 
which  compose  tbe  remaining  ports  of  the  same  system, 
are  so  small  as  lu  esca^ie  our  sight.  Anil  those  nebulas 
in  which  we  can  discover  either  none  or  only  a few  slurs, 
even  with  the  a<isislancc  of  the  best  telescopes,  arc  proba- 
bly systems  that  arc  still  more  distant  than  the  rest.  For 
other  particulars  of  this  inquiry,  see  Pbiloa.  Trans,  vol.57. 

As  the  distancexif  the  lixt'fl  stais  is  bi-st  deterniioed  by 
their  parallax,  various  luethuds  have  been  pdrnued,  though 
hitherto  without  success,  for  itivesligeting  it;  the  result 
of  tbe  most  accurate  observations  having  given  us  little 
more  than  a distant  approximation;  from  which  however 
we  may  conclude,  that  tbe  ncvcsi  of  tbe  fixed  stars  can- 
not be  less  than  40  thous;ind  iliameters  of  the  whole  an- 
nual orbit  of  the  earth  distant  from  us. 

The  im-lhod  pointed  out  by  Galileo,  and  ottempled  by 
Hooke,  riamstei^,  Molyneux,  and  BnoUcy,  uf  taking  the 
distances  of  sncii  stars  from  the  zenith  as  paw  very  m ar 
itf.has  given  us  a tnorr  just  idi^  of  the  immense  distance 
of  the  stars,  and  furnished  an  approximation  to  lheir*pa- 
rallax,  much  iK’arer  the  truth,  than  any  ^e  hud  before.  ^ 

Dr.  Bradley  assures  us  (Bhibis.  Trans.  No.  4^)  that 
had  the  parallax  nmounied  to  a single  second,  or  two  at 
most,  be  should  have  j>erccived  it  in  the  great  number  of 
uhnervMtions  which  he  made,  especinliy  u}miii  y UraConU; 
and  that  it  s<*emed  to  him  very  probable,  that  the  annual 
parallax  of  this  star  duea  Dot  amount  to  a single  second. 
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8n<J  consequently  tbnt  it  is  above  400  thouftml  tiroes  fur- 
ther iVom  us  than  the  j^un. 

But  Dr. Ik-rscbel,  to  nhmc*  industry  and  ingrnuity»  in 
exploring  the  Kcas’cns,  jLitronomy  is  so  much  indebted,  le- 
roarks,  that  the  iiistruihcnt  ttst'd  ou  this  occasion,  being 
the  sanu'  with  the  present  xrnith  sectors,  can  hardly  be  al- 
lowed dupable  of  showing  an  angle  t>f  mic  of  rven-two  se- 
conds, with  acctiracy  ; and  besides,  the  star  on  which  the 
observations  vlcre  made,  is  only  a bright 'star  of  the  3d 


of  the  lirsf  inagutiudo,  n of  tbe  «i-cond, 
and  c tif  ihe  third.  Let  usvu-xt  suppofe 
the  angle  oae,  or  parallax  of  the  whole 
orhit  ol  the  earth,  to  be  I**  of  a degree ; 
then,  because  rtry  smuli  angjes,  having 
the  same  subtense  ko,  may  be  cqgiaidered 
as  in  the  inverse  rilio  of  the  lines o a, on. 
oc,  &c,  wr  shall  have  ebo  and 

ECO  = 6rc,  also  because  ea’  = ab 


magtiilude,  or  a small  star  of  the  2d  ; and  that  therefore  ncarjy,  the^ngU-  aeb  = abe  s V\und 


1 


its  parallax  is  probably  much  less  than  ibut  of  a star  of 
the  first  magnitude,  that  we  arc  not  warranted  in  in- 
ferring, that  the  parallax  of  the  stars  in  general  docs  not 
excOod  1",  whereas  those  of  the  tiist  magnitude  may  have, 
notwithstanding  the  result  of  Dr.  Bradley's  obu^rvatious, 
a parallax  of  several  seconds. 

As  to  the  method  of  zenith  distances,  it  is  liable  to  (fon- 
tiderable  errors,  on  account  of  refraction,  the  change  of 
position  qf  the  earth's  axis,  arising  from  nutation,  preces- 
sion of  the  equinoxes,  or  other  causes,  and  the  aberration 
of  light. 

Dr.  Henchel  has  proposed  another  method,  by  means 
of  double  stars,  which  U free  from  these  errors,  and  of  such 
a nature,  that  the  annual  parallax,  even  if  it  should  not 
exceed  the  lOth  part  of  a second,  may  still  become  visible, 
and  be  ascertained  at  least  much  nearer  than  hereloforv. 
This  method,  which  was  first  proposed  in  an  imperfect 
manner  by  Cialiioo,  and  has  been  also  mcntiomxl  by  other 
authors,  is  eapable  of  every  improvement  which  the  lek*» 
scope  and  mechanism  ol  micrometers  can  furnish.  To 
give  a general  idea  of  it,  let  o and  T,  Ik' 
two  opposite  points  of  the  annual  orbit, 
taken  tii  the  same  plane  with  two  star*,  a, 
h,  of  uiK-qual  mugnituih's.  Let  the  angle 
AOB  be  o^erved  when  tbe  earth  is  at  o, 
and  ABB  he  ol>serted  when  the  earth  is  at 
£.  Kroin  the  dtlTerence  of  these  angles, 
when  there  is  any,  the  pnmllax  of  thestaia 
may  be  computed,  accordiiig  to  the  theory 
subjoined.  These  two  stars  ought  to  be 
H5  near  as  possible  to  each  other,  and  also 
to  differ  as  much  in  inognittide  as  we  can 
find  them. 

This  theory  of  the  annual  parallax  of  double  stars,  with 
the  me  I hod  ul'  computing  from  ihenco^what  is  usually 
called  the  parallax  of  the  fixed  stars,  or  of  single  stars  of 
the  first  magnitude,  such^as  arc  nearest  to  us,  supposes, 1st, 
that  the  stars  are  ail  about  the  size  of  tJie  sifb  ; and  2dly, 
that  the  difference  in  iheir  apparent  magnitudes,  isowing 
to  their  different  distances,  so  that  a star  of  the  2d,  3d,  or 
4ih  magnitude,  is  ^ 3,  or  4 times  os  far  off  as  one  of  the 
first.  These  principles,  which  Dr.  Hcischcl  premises  as 
postulala,  have  so  great  a probability  tn  their  favour,  that 
they  will  scarcely  he  objected  to  by  those  who  are  in  the 
lea^l  acquainted  with  the  Hoclrinc  of  chances.  See  Mr. 
Mirbell's  Inquiry,  Ace,  already  cited.  And  Philos.  Trans, 
vol.  57,  pa.23f--»-  240.  Also  Dr,  Halley,  on  the  Nuni- 
her,  O^der,  and  Light  of  the  fixed  Staro,  in  the  Philos. 
Trans,  vol.  31.  • 

* Theirfort,  let  eo  be  the  whole  diameter  of  tbe  earths 
annual  orbit;  and  let  a,  n,  c be  ihri'e atari  situated 
in  the  ecliptic, *in  such  n manner,  that  they  may  appear 
all  in  one  line  oarc  when  the  earth  is  at  o.  Now  if 
OA,  AB,~BC  be  equal  to  each  other,  A will  Tie  a star 


because  BC  5SS  4bo  = ^BE  nearly,  the 
angle  bec  .=  iscE  = mid  hence 
A iC  = i -f-  I ^ 1'^;  whence  it  fol- 
lows that,  when  the  earth ' is  at  e, 
the  stars  a and  b appt^r  at  4"  distant 
ffiim  each  other,  the  stars  A*and  c at 
4"  distant,  and  the  stars  h and  c only 
4''  distant.  In  like  ronnner  may  be  de- 
duced a general  expreMion  for  the 
parallax  that  will  become  visible  in  the 
change  of  distance  between  the  two 
stars,  by  the  removal  of  the  earth  from  one  extreme  of  her 
orbit  to  the  other.  Lot  P denote  the  total  parallax  of  a 
fi.xcd  star  of  the  magnitude  of  the  jl/  order,  and  m the 
number  of  the  order  of  a smaller  slur,  p denoting  the  par- 
tial parallax  to  be  observed  by  the  change  in  the  distance 

P — 


of  a double  star;  then  is  p = — P,  or 


iW’ 


which  gives  P,  wiienp  is  found  by  observation. 

For  lix.  Suppu:^  a star  of  the  1st  magnitude  should 
have  a small  star  of  the  12th  mngnrtude  near  it ; then  will 
tbe  partial  parallax  we  are  to  expect  to  see  be 

= i4^t  Of  44  “f  the  total  parallax  of  the  larger 

star;  and  if  vte  should,  by  observation,  find  the  partial 
paraUdx  between  two  such  stars  tOt-imcunt  to  1^,  then  will 
the  lota!  parallax  P = p = 1 Again,  if  the  stars 
be  of  the  3d  and  24th  magnitude,  the  lo^l  parallax  will 

be  P 5=  — itP  = 7^»  s®  that,  if  by  oboervatiun 

p be  found  to  be  uf  a second,  the  whole  parallax  PwifI 
amount  b O' 11428''. 

Further,  the  stars  be  ing  still  in  tbe  ecliptic,  suppose  they 
should  appear  in  one  line,  when  the  earth  is  in  some  other 
part  of  her  orbit  between  B and  o ; then  will  the  parallax 
be  still  expressed  by  the  same  algebraic  formula,  and  one 
of  the  maxima  will  still  lie  at  e,  the  other  at  0 ; but  tbe 
whole  efibet  will  be  divided  into  two  parts,  which  will  be 
in  proportion  to  each  other,  9$  radius  — sine  to  radius 
-V  sine,  of  tbe  star’s  distance  from  the  nearest  conjunction 
or  opposition. 

When  tbe  stars  arc  any  where  out  of  the  ecliptic,  si- 
tuated so  as  to  appear  in  one  line  oabc  perpendicular  to 
EO,  the  maximum  of  parallax  will  still  be  expressed  by 

but  there  will  arise  another  additional  parallax 


in  the,  conjunction  and  opposition,  which  will  be  to  that 
which  is  found  90*^  before  or 'after  the  suay  us  tJvc  sine  (<) 
of  the  latitude  of  the  stars  seen  at  o,  is  to  radius  (1);  and 
the  eftixt  of  this  parallax  will  be  divided  into  two  parts ; 
half  ofit  lying  on  one  side  of  the  large  star,  the  other  half 
on  the'olher  side  of  it.  And  this  latter  parallax  wiH  also 
bt  compounded  with  the  former,  so  that  the  distance  of 
the  stars  in  the  conjunction  and  oppoMtion  will  then  be 
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Kpmrnted  by'the  di»gonirt  of  a partllelogram,  whose  »id«a 
are  the  two  semiparallases ; a general  expression  for  which 

will  be  **•  * ■*■  **• 

When  the  stars  arc  in  the_pole  of  thf  etliptic,  i will  bo 
= l^andahehist  formulp  becomes  sPv^2  ‘TGTXp. 

Again,  let  the  stars  be  at  some  distance,  as  i",  from  each 
other,  and  let  them  be  byih  in  the  ecliptic.  This  case  is 
rr-sokablc  into  the  first?  for  iniagino  the  star  a Co  be  si- 
tuated  at  i‘;  tben  ihc  angle  aei  may  be  accounted  equal 


t#o  atari.  P«t  aa  = r,ba  and  \\  will  be  x 
= aq,  whence 


andP  = i^!'^-^^--as. 


to  AOi ; and  as  the  foregoing  fc^rroula,  p — 

givet  us  the  angles  a ESe  aec,  we  are  to  Bild  af.i  or  5”  to 
Atar  which  will  give  iee.  In  gcneraK  Icl  the  distance  of 
the  stars  be  and  let  the  j»hscm*d  distunrc  at  E be  D ; 
then  will  I?  = d -K  n,  and  therefore  the  whole  parallax 
' D — d 

• of  the  annual  orbit  will  be  expressed  by  = P- 

Suppose  now  the  stars  to  differ  only  in  latitude,  one 
being  in  the  ecliptic,  the  other  at  some  distance  us  5^ 
north,  wfien  seen  at  o.  This  case  may  also  be  resolved  by 
the  former;  for  imagine  the  stars  b and  c to  be  elevated 
at  tight  angles  above  the  plane  of  the  figure,  so  that  aob, 
or  AOC,  may  make  an  angle  of  5*^  at  o ; then  instead  of 
the  lines  oabc,  »’a,  lb.  ec,  imagine  them  all  to  be  planes 
at  right  angltw  ttxihg  tigure;  tn«l  it  will  appear  that  the 
parallax  of  the  stars  inUmgitude,  must  be  the  same  ns  if 
the  small  star  had  been  without  latitude.  And  since  the 
stars  B,  c,  by  the  motion  of  the  earth  from  o to  E,  will  j»ot 
change  their  latitude,  we  .shall  have  the  following  con- 
struction for  finding  the  distance  of  the  stars  ab  and  ac 
at  E,  and  from  thence  the  parallax  P. 

Lei  the  triangle  ab^  represent  the  situation  of  the  stars ; 
ofe  is  the  sublensv  of  5^,  the  angle  under 
which  they  arc  supposed  to  be  seen  at  o. 

The  quantity  bS  by  the  former  theorem 

is  found  -=  ”,  P,, which  is  the  par- 

tial parallax,  that  would  have  been  seen 
by  the  earth’s  moving  from  o to  e,  if  both 
stars  had  been  in  the  ecliptic;  but,  on  ac- 
count  of  the  difference  in  latitude,  it  will  now  be  repre- 
sented by  ofl,  the  hvpolhcnuse  oPthc  triangle  ab^  : Ihcrc- 
forc  in  general,  putting  ab  s»  d,  = D,  wc  have 


1 - M 


\/U*  — d*  =s  P.  Honce,  D being  found  by  obser- 
vation, and  the  three  d,  m,  3/ given,  the  total  parallax 
is  obtained.  ^ 

When  the  stars  differ  <n  longitude  as  well  as  latitude  . 
this  case  may  be  resolved  in  the  following  manner.  Let 
the  triangle  represent  the  »itua-  , i 

tion  of  the  stars,  ab  = d being  their 
distance  seen  ut  o,  o6  = D their 
distance  seen  nt  E.  That  the  change 
b^,  which  is  produced  by  the  earth’s 
motion,  will  be  truly  expressed  by 

P,  niay^bc  pnived  as  Ufpre, 

by  .supposing  thvstar  a to  have  been 
placed  at  a.  Now  let  the  angle  of  position  baa  be  taken 
by  a*  micrometer,  or  by  any  other  roelli*tl  sufficiently 
exact;  then,  by  resolving  the  triangle  afra,  wc  obtain  the 
longiiuduMsl  and  latitudinal  differences  aa  and  ba  of  the 


D = ^{{x* 

If  neither  of  the  stars  should  be  in  the  ecliptic,  nor 
have  the  same  longitude  or  latitude,  the  last  theorem  will 
still  serve  lofulculate  the  total  parallax,  whose  m^mium 
will  lie  in  e.  'I’liere  will  also  arise  anofher  parallax, 
whose  roaximdm  will  be  in  the  tonjunction  and  opposi- 
tion, which  will  be  divided,  and  lie  on  diftL-reiU sides  of  the 
largi*  star;  but  as  the  whole  parallax  U extremely  small, 
it  is  not  nect'vsary  to  investigate  etery  particular  ca»e  of  ' 
this  kind ; lor  by  reason  of  the  diviuon  of  ibe  parullaX| 
which  renders  observations  taken  at  any  other  time,  ex- 
cept where  it  is  greatest,  very  unfavourable,  the  formula  * 
would  be  of  little  use. 

Dr.  llcrschel  closes  bis  account  of  this  theory,  with  a 
general  observation  on  tlic  tiim*  and  place  where  the 
maxima  of  parallax  will  happen.  Thus,  when  two  un- 
equal stars  are  both  in  the  ecliptic,  or,  not  being  In  the 
ecliptic,  have  equal  latitude*,  north  or  south,  ami  .the 
larger  star  has  most  longitude,  ilic  maximum  of  the  ap- 
parent distance  will  be  when  the  sun's  longitude  is  90'* 
more  than  the  star's,  or  when  observed  in  the  morning; 
and  the  minimum,  when  the  longitude  of  the  sun  isyO 
less  than  that  of  the  star,  or  w In  n observed  in  the  evening. 
But  when  the  small  star  has  most  longitude,  the  maximum 
and  minimum,  as  well^as  the  time  of  observation,  will  be 
the  reverse  of  the  Ibrmcr.  And  when  the  stars  differ  in 
latitude,  this  makes  no  fllloration  in  the  place  of  the 
maximum  or  minimum,  nor  in  the  time  of  observation; 
that  is,  it  is  immaterial  which  of  the  two  stars  has  the 
greater  latitude.  Philos.  Trans  vol.  7?,  art.  II. 

The  distance  of  the  slur  y Draconis  appiars,  by  Brad- 
ley’s observations,  already  recited,  to  be  at  least  400,000 
times  tiiat  of  the  sun,  and  tbc  distance  of  the  nearest 
fixed  star,  not  less  than  40,000  diameters  of  the  earth's 
annual  orbits  that  is,  the  distance  from  the  earth, 
of  the  former  at  least  - • 38,000,000,000,000  miles, 
and  the  latter  not  less  than  - 7»b00.000,000,000  mile*. 

As  these  distances  arc  immensely  great,  it  may  both  be 
amusing,  ami  assist  in  giving  a mure  familiar  idea,  tncom- 
pare  them  with  the  velocity  of  some  moving  body,  by 
which  they  may  be  measured. 

The  swiftest  mplion  wc  know  of,  is  that  o^light,  which 
passes  from  the  sun  to  jhe  earth  in  about  8 minutes;  and 
yet  even  this  wuulij  be  above  6 yi'ars  traversing  the  first 
spa^,  and  ii^ir  a year  and  a qiia'rtcr  in  pawing  from  the 
Dearest  lixe<l  star  to  the  earth.  Btft  a cannon  ball,  moving 
on  a medium  at  the  rate  of  about  20  milfs  ina  minute, 
would  be  3 million  8 hundrcti  thousand  years  in  passing 
from  y Dracunis  to  the  earth,  and  7^  thousand  )ears  in 
passing  from  the  nearest  fixed  star.  Sound,  which  moves 
at  the  rate  of  about  1 3 miles  in  a minute,  would  be  5 mil- 
lion 600  thousand  years  in  traversing  the  former  di- 
stance, and  1 million  128  thousand,  in  passing  through 
the  latter. 

The  celebrated  Hqygens  pursued  speculations  of  this 
kind  so  far,  as  to  belicvv  it  not  impossible,  that  then.*  may 
bc^  stars  at  such  inmncdvable  distances,  that  their  ligfrt 
has  not  yet  reached  tha  earth  i-mct  their  creation. 

Dr.  fiallcy  ha.v  also  advanced,  what  he  says  seems  to 
be.a  Wtaphysical  paradox  (Philos.  Trans,  number  3fi4), 
vif,  that  *ihe  number  of  fixed  stars  must  be  more  than 
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finite,  iml  some  of  them  »t  more  than«  finite  distance 
from  others:  utitl  Addison  has  justly  obv'rved,  that  (his 
(h<»U!{ht  i>  far  from  brini;;  extravasaiu.  when  we  Consider 
that  the  univrrM'  is  (he  work  ot  intinite  power,. prompted 
by  infinite  i^uoikl^ss,  and  having  an  infinile  space  to  exert 
itself  in;  so  that  our  imaginatiun  can  sct>io  bounds  to  it. 

yia^tudf  of  the^dxed  Stars.  'I  hc  magnitudes  of  the. 
star*  ap^nar  lu  i»c  very  dilft'rent  from  one  anuihiT;  which 
difference  may  probably  nrisi*,  partly  fiom  a diversiiy-in 
ibcir  rt'ul  magnitude,  hut  principally  from  (heir  diHereni 
distances.  To  the  bare  eye,  the  stars  appear  of  some 
sensible  magnitude,  n»ine  glare  of  light  arising  from 

the  numberh-ss  reHectionv  from  the  aerial  partifles  Ac 
about  the  eye ; this  makes  us  imagine  the  stars  to  be  much 
lar^r  thgn  th<  y would  appear,  if  we  saw  them  only  by 
the  few  rays  which  coinc  directly  fri>m  them,  so  as  to 
enter  our  eyes  without  being  intermixed  with  others.  Any 
piTMin  may  be  srnsibli  nf4his,  by  hioking  at  altar  of  the 
first  mngnitud'- 'through  a long  narrow  tube;  which, 
though  ir  takes  in  us  much  of  the  sky  as  would  h dd  a 
thousand  stars,  scarce  renders  that  one  visible. 

•'I'he  star*,  on  iccount  of  their  apparently  various  sizes, 
have  been  distfibnled  into  several  classes,  called  tnagni> 
tudei.  The  Iti  cU*s,  or  stars  of  llte  first  magnitude,  are 
(hose  that  appear  largot,  and  may  probably  be  nearest  to 
us.  Next  10  lIuM*,  arc  those  of  the  2d  magriiiiidc ; and 
so  on  to  the  Cfh,  which  comprehend*  the  smallest  stars 
visible  (n  the  naked  eye*  All  beyond  these,  that  can  be 
perceived  by  the  help  of  telescopes,  arc  called  telescopic 
stars.  Not  that  all  the  stars  of  each  class  appear  exactly 
of  the  same  magnitiidc;  there  being  great'difiertnee  in  this 
ri'Spcct : and  those  of  the  first  magnitude  appearing  al> 
moM  all  elifferrnt  in  lustre  and  size.  There  are  also  other 
Stars,  of  iiilerinodiatc  magnitudes,  which  astronomers 
cannot  refer  to  one  class  morejhan  another,  and  there- 
fore they  place  them  Imlwem  the  two.  Procyon,  for  in- 
stance, which  Ptolemy  makes  of  the  first  magnitude,  and 
Tycho  of  the  2d,  Flamsteed  lays  down  as  between  the  1st 
and  2d.  So  that,  instead  of  6 magnitudes,  we  may  say 
there  are  almost  as  many  ofdersof  stars,  as  (here  are  stars; 
on  account  of  the  great  variationa  observable  in  the  mag- 
nitude, colour,  and  brightness  of  them. 

There  seems  to  bi*  but  little  probability  of  discovering 
with  certainty  the  real  size  of  any  of  the  6xed  stars  ; we 
mti*t  therefore  ta*  content  with  an  approximation,  de- 
duced from  iheir  |>arHlhix,  if  this  should  ever  be  found  ; 
and  the  quantity  of  light  they  aHbrd  us,  compared  with 
that  of  the  sun.  And  to  this  purpoM',  Dr.  Herschcl  in- 
forms us,  that  with  a magnifying  power  of  6450,  and  by 
means  of  his  new  nncromrler,  he  found  the  apparent  di- 
ameter of  a Lyra;  to  bs* 

Tbc  Stan  are  also  distinguished,  with  regard  to  their 
situation,  into  a^terisins,  or  constellations;  which  arc  only 
assemblages  of  several  neighbouring  stars,  considered  as 
coristituting  some  determinate  figure,  as  of  an  animal, 
Ac,  from  which  it  is  (beirforr  dinuminatcd  : a division 
as  ancient  as  the  book  of  Job,  in  which  mention  is  made 
of  Orion,  the  Pleiades,  Ac. 

Itcvidrs  the  star?  thus  distinguished  into  magnitudes 
and  constellations,  there  arc  others  not  reduced  to  either. 
Those  not  reduced  into  constellations,  are  called  informesy 
nr  unformed  stars;  df  which  kind  several,  so  leftat  large 
by  the  ancients,  have  since  been  formed  into  newr  constel- 
lations by  the  mmicrn  aslronotners,  and  especially  by 
Herclius.  Those  nut  reduced  to  classes  or  magnitudes. 


arc  called  nebulous  stars  ; but  suc^as  only  appear  faint- 
ly in  clusters,  in  form  of  liiilc  lucid  spots,  nubul;^,  or 
clouds. 

Ptolemy  mentions  eff  such  nebulie,  vii,  one  at  the 
extremity  of  the  right  hand  of  Perseus,  which  appears 
through  (he  telescope,  thick  set  with  slarv;  one  in  the 
middle  of  the  crab,  oilled  Pra»epe,  or  the  Manger,  in 
which  ^jaliipo  counted  above  40  stiiis;  one  unformed 
near  the  sting  of  the  Scorpion  ; anotiier  in  ihc  eye  of  Sa- 
gittarius, in  winch  two  Stars  may  be  seen  in  acK-arskv 
with  the  Bilked  ryr,  and  several  more  with  the  leliscopc; 
and  the  filth  in  the  head  of  Orion,  in  which  Galileo 
counted  21  stars. 

Flamsteed  observed  a cloudy  star  befi>re  the  bow  of 
Sagittarius  which  consists  of  a.  great  number  of  small 
stars ; and  the  star  d above  the.  right  shoulder  of  this* 
constellation  is  encompassed  with  several  more.  Flam- 
steed and  Cassini  also  discovered  one  betw*een  the  great 
and  little  dog,  which  is  very  full  of  stars,  that  gre  visible 
only  by  the  telescope. 

Hut  the  most  reinarkalle  of  all  the  cloudy  srai\  is  (hat 
in  the  middle  of  Orion’s  sword,  in  which  Huygens  and' 
Dr.  lA>ng  observed  )2  slars,  7 of  w hich  (3  of  them,  now 
known  lo  be  4,  being  very  eb'se  together)  Mvm  to  shine 
through  a cloud,  very  lucid  near  (he  middle,  but  ^nb 
and  ill  defined  about  the  edges.  But  the  greatest  diKo- 
veries  of  nobulte  and  clusters  of  stare,  we  owe  to  the 
powerful  telescopes  of  Dr.  Ilerscbel,  who  has  given  ac- 
cetmts  of  some  thousands,  of  such  ncbulx,  in  many  of 
which  the  stars  se^m  to  Ur  innumerable,  like  graina  of 
sand  on  the  sva  shore,  or,  as  Milton  has  so  beautifully  dc* 
tcribt'd  the  milky  way,  they  sirm  powdered  with  stars, 
See  Philos.  Tram.  I7«4,  17H5,  I7»6,  173^.  Sec  Ga- 
LANT,  and  MAcaLLAXic  Qoudt^  and  htcid  Spots. 

C'avsini  is  of  opinion,  that  the  brigbUicvs  of  ihesc’pro- 
cceds  from  stars  so  minute,  as  not  to  he  distiii;;ui«had  by 
the  best  glusM's:  and  this  opinion  is  fully  confirmed  by 
(he  obvervatums  of  Dr.  Hersclirl,  whose  powerful  tele- 
scopes sliow  those  lucid  specks  to  be  cumpused  entire!/ of 
masses  of  small  stai>,  like  he.ips  of  sand. 

There  are  also  many  stars  which,  thot^gh  they  appear 
single  to  the  naked  rjfr,  are  yrt  discovered  by  the  tele- 
vcopr  to  be  double,  triple,  Ac.  Of  these,  several  have 
been  observed  by  Cassini,  Hooke,  I..ong,  Maskelynf, 
Hornsby,  Pigott,  flayer,  Ac  ; but  Dr.  Herschel  has  been 
much  the  most  successful  in  observations  of  this  kind;, 
and  his  succesii  has  been  chiefly  owing  to  the  very  extraor- 
dinary magnifyingpowcrsbflbc  Newtonian  7 feet  reflector 
which  he  has  used,  and  the  advantage  of  an  excellent 
micrometer  of  .his  own  cbnstruclion.  The  powere  which 
he  has  used,  have  bi^n  146,  227i  278,  460,  754, 

113.9,  1336,  2010,  3168,  and  even  6'430.  He  basal- 
ready  formed  a'Qiitaloguc,  containing  269  double  stars, 
227  of  w hich,  as  far  as  be  knows,  ’have  not  bten  noticed 
by  any  other  person.  Among'  these  there  arc  also  some 
stars  that  are  trrbh^  double^double,  quadruple,  double- 
treble,  and  multiple.  His  catalogue  ciunprehends  the 
names  of  the  stars,  and  the  number  in  Flamsteed’s  cata- 
Iv^ue,  pr  such  a description  of  iCose  that  are  not  con- 
tained in  it,  as  will  be  found  sufficient  to  dictinguuh  there  ; 
also  the  Comparative  size  of  (he  stare;  their  cblours  at 
they  ap|>earrd  to  his  view  ; (heir  distances  determined  iii 
.M'veral  different  ways;  their  angle  of  p<i»ition  with  rc^rd 
to  the^wrallel  of  declination;  and  the  dates  when  be  first 
perceived  the  stars  to  be  double,  treble,  Ac.  His  ubser- 
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titioas  appear  to  o^mcnce  vith.tlic  year  1776.  but 
all  of  them  were  made  io  the  yeara  I779>  1780, 
1781.  . 

Dr.  Herscbel  ha«  distributed  the  Rouble  stars  contained 
in  his  catalogue,  into'6  different  classes.  In  the  first  he 
has  placed  all  those  which  rc<|Siirf  a very  superior  tele* 
scope,  with  the  utmost  clearness  of  air,  and  every  other 
favourable  circumstance,  to  besm-n  at  all.  or  .well  em>ugh 
to  judg>!  of  them  ; and  there  arc  of  the^c.  To  the  vVl 
class  belong  all  those  double  stars  that  are  proper  for>i>»* 
timatiuns  by  the  eye,  and  very  delicate  n1e^sm«^  by^hc 
micrometer;  the  number  being  38.  The  3d  class,  com* 
preKtnd*  hll  those  double  stars,  that  arc  between  5'*  and 
15”  asunder;  the  number  t»f  them  Iseing  4^1.  The  4lh, 
5th,  and  6th  classi'S  contain  d^mblo  stars  that  arc  from 
IS**  to  30'*,  aud  from  30^  to  1*,  and  from  I*  to  2'  or  more 
asunder;  of  which  there  are  44 in  the 4ih  class,  51  in  the 
5th  class,  and  66  iu  the  6'tii  class:  the  last  of  this  claw  is 
orTaun,  number  87  of  Klanisieed,  whose  apparent  dia< 
meter,  on  the  meridian  measured  withu  power  of  460  at 
a inean«6f  two  observations  l”  46*',  and  with  a power  of 
.932-at  a mean  of  two  oljvTvations  l"  J^.  Sht  the  list 
at  large,  rhtlos.  Trans,  vpl  72,  an.  12. 

The  stars  are  ulso  distinguished,  in  each  conMeliaiion, 
by  numb<*rs  or  by  the  letters  nf  the  ijlphabet.  This  kind 
f>l' distinction  was  introduc^'d  by  John  Uaycr.  in  bis  Dra- 
noroeiria.  l654  ; where  he  denotes  the  star.,  in  each  con- 
stellation, by  the  letters  of  the  Gr<^'k  alphabet,  st.  /3,  y, 
S,  e,  dec,  viz,  the  most  remarkable  star  of.cacb  by  a,  the 
2d  by  /3,  the  3d  by  y,  dec ; and  when  th  ere  arc  more  slurs 
in  a constellation  than  the  characters  in  the  Greek  alpha- 
bet, he  denotes  the  fi-sl,  ih  their  order,  by  the  Roman 
letters  A.  b,  c,  <1,  &c.  Ilut  as  the  nuinlx'r  of  the  stars, 
that  have  been  observed  ami  ic;pstered  in  cnralogues,  since 
Beyer's  time,  is  greatly  increased,  as  by  Flum^uod  and 
others,  the  additional  ones  have  been  aiarkcd  by  the  or- 
dinal nuinbi-rs  I,  2,  3,  4,  5,  &c. 

The  iVwjn^rc  o/* Stars.  The  number  of  the  stars  ajv 
pears  to  be  immtmsely  great,  perhaps  infinite ; yet  have 
astfoncniers  long  since  ascertaim*d  the  numlier  of  such  us 
are  visible  to  the  eye,  which  are  inucii  fewer  than  ut  first 
tight  could  be  imagined.  ^>ee  Cat  A too  vr.  of  lAc  .S'/ari.— 
Of  the  3(i00  contained  In  Flamsteed's  caUlog^ie,  there  are 
nutny  that  are  only  visible  ibrougft  a teleivcnpe ; and  a 
good  eye  scarce  ever  sees  more  than  a thpusami  at  the  same 
time  in  the  clearrsi  heaven  the  ap|H-.irance  ofahal-im-* 
mensc  number  which  are  frequent  in  clear  winter  nights, 
arising  from  our  sight's  heiag  deceived  by  their  twinkling, 
and  from  our  viewing  them  confusidly,  and  not  reducing 
them  to  any  order.  But  nevertheless  we  cannot  but 
imagine  that  the  stun  are  almost,  if  not  allogrihrr,  inliniie. 
See  Hailey,  on  the  numU'r,  order,  and  light  of  the  fixed 
stars,  Philos.  Trans,  number  304.  • , s 

Riccioli,  in  his  New  Almagest,  affirms,  that  a man  who 
>hall  say  there  arc  above  26  thousaiul  tiroes  20  thousand, 
would  say  nothing  iroprobablo.  For  a good  telescope, 
directed  indifferenily  to  almo^  any  point  of  the  heavens, 
discovers  rouhitudes  that  are  lost  to  the  yiaked «>>c ; par- 
ticularly in  the  milky  way,  which  somr  take  to  hr  an  as- 
semblage of  stars,  too  remote  to  be  seen  singly*  but  so 
closely  disposed  as  to  give  a luminous  nppeamnee  to  that 
* arUof  the  heavens  where  they  are.  Atid  this  fact  has 
cen  confirmed,  by  Ilerschel’s  ohscnalions : though  it  i\ 
disputed  by  others,  who  contend  that  ibcotilky  way  must 
be  owing  to  some  other  cause. 


- Un  the  single  coiistellatHtn  qf  lire  Pleiades,  instead  of  6, 
7,  or  8 slara  seen  by ‘the  best  eye ; Dr.  Iio«ike,  with  a trie- 
scope  IS  fpvt  lone,  4old  7.8,  and  with  laqjer  glasses  many, 
more,  of  different  magnitudes.  Ahd  F.  de  Rheiia  affirms, 
that  he  lias  rsbvCrvcd  above  2000  stars  to  (he  tingle  con- 
stellation of  Orion,  '{'he  >ame  author  found  above  188  in 
the  Pleiades.  And  Huygen>,  looking  at  the  star  iu  the 
middle  of  OriorTv  sword,  instead  of  one,  loumd  that  tiure 
were  12.  (tallleo  lound  8<>  in 'the  space*of  the  belt  of 
Orion’s  sivord,  21  in  the  uel'uluus  star  of  his  head,  niu! 
ahttve  500  iu  utiothcr  purl  «»t  him,  within  the  coiupHss  of 
one  or  o»i>  degreies  space,  ami  more  than  40  in  the  luiiu- 
louv  star  Praev-|av  • 

!Ac  CAoJgges  tA(U  h3pf^cncd  in  the  f>TARs  arc  very 
considerable.  The  first  rhipige  that  is  on  rvcon),  was 
about  120  )'ejr»  before  Ch^i^t;  when  IJi|  paichus,  Itis- 
envering  a oew  iitr  to  appear,  wati  fii>t  induced  to  make 
a catalogue  of  the  stars,  tliat  posterity  might  perceive  any 
future  changes  of  the  like  nature.  • 

In  the  year  1572,  CoriieliUR  G.  firioa  and  Tycho  Brahe 
ob<>4>rvi^  another  new  star  in  lha  coiisleliiition  Ca&riopi.ia, 
which  was  liki'wive  the  i»ccosion  of  t'^ihu's  mokiii^  a i(gw 
caLilogue.  At  first  its  ni4;;uiludi.  11. id  brigiiUK'sext ceded 
the  largest  of  theatarv,  Sirius  and  l.)ru  ; and  even  vquulK'd 
the  planet  Venus  vviien  iiiurtst  fin-  tuiih,  and  wa>  »cen  in 
fair  dny-ligtit;  It  cmilinuct]  hi  imm’.hs;  towaiii*  tiie  latter 
end  nf  which  it  began  to  dwindle,  and  at  length,  in  March 
1574,  it  lulMlIy  disappettrcd,  without  an)  change  of  place 
in  all  that  limr. 

l^rnvicius  tells  its  of  another  sUr  appearing  in  the  same 
ccmsteilaiMin,  about  the  yi  at  ^45,  wliich  resembled-  that 
of  1572;  ami  be  quotes  another  ancient  observation,  by 
which  it  appears  that  u new  star  wus  SiR'ii  abi»ut  the  same 
place  in  1264.  Dr  Kc'il  thinks  these  were  all  the  same 
star;  ai;d  ittdct*d  the  |»riic>diral  intervals,  <ir  distance  of 
lime  bi  lwceti  these  a|q»carances,  were  nearly  equal,  being 
from  318  to  319  years;  and  if  so,  its  next  appearance 
may  be  expected  about  IS^O* 

Fabricius,  in  1596,  tlisrovm'i!  another  new  star,  culled 
the  Stella  mira,  or  wimdertul  sntr,  in  the  ih(  k of  the  whale, 
which  h:is  since  been  lound  to  appear  and  disapjx'ur  pe- 
riodically, 7 limes  III  6 years,  continuing  m its  gicalest 
lustre  lor  15  duy&  logettier ; and  is  never  quite  extin- 
guished.' Its  Course  and  motion  are  described  by  Bulliald, 
in  a treatise  priiiud  iti  Paih  in  1667*  Dr.  Ilerschvl  hu 
lately,  via,  m the  years  l777»  J77S,  1779.  »«d  1780, 
made  several  observations  on  this  star,  an  account  of  which 
nay  be  seen  in  the  Philus.  Trans,  vul  70,  art.  21. 

In  the  yi*ar  I6OO,  VVillimn  Junsru  discovered  a change- 
able star  III  the  peck  of  the  .Swan,  which  gradually  de- 
creased till  It  became  so  smalt  as  to  U*  thought  to  dis- 
appear entirely,  idl  the  years  J6.’>7*  i658,  and  1659,  when 
it  regained  its  former  lustre  and  mugnitude ; but  soon  de- 
cayed again,  ai>d  is  now  ot  the  smallest  sise. 

in  the  year  1604,  a new  star  was  Kten  by  Kepler,  and 
several  of  his  friends,  near  the  heel  of  the  right  fool  of 
Serpenlarius,  which  was  paiticularly, bright  and  spark- 
ling; and  it  was  olwervtHi  to  be  every  inonieiU  chany^iiig 
into  some  of  the  colours  of  the  minbftw,  except  when  it  is 
near  the  horizon,  ut  which  time  it  was  generally  white. 
It  surpass* d Jupiter  in  roagnitude,  but  was  easily  distin- 
guished from  him,  by  the  sleatiy  light  of  the  planet.  It 
disappeared  about  the  end  of  the  year  16*05*  and  has  not 
been  sirn  since  that  time. 

Simon  Marius  discovered  another  in  Aodromeda's  girdle, 
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LA  itnd  l6t3 ; though  UuHinUi  luyt  it  bad  bctn ^ccn 
brloc^t  in  fin-*  Intb  ct'iilury. 

Ill  July  1070,  ilrvi-liuif  discoVorfil  a M^cnnd  changeable 
sUi*  in  the  Swab,  which  wu»  io  diminished  ir^  October  as 
to* 4m  scarce  p<‘rci‘))tiblc.'  April  following  it  r^uiue^ 
itffortm  r lu>tre,  but  wholly  disuppoared  in  August-  In 
March  l07«  it,  seen  ugain,  but  apprafed  \%ry  miiuU| 
and  ha»  not  been  vi^ibU  smep. 

In  l(i»6  a t^ird  rh  ingeuble  star  was  discovered  by  KTr- 
ehius  in  the  Siran,  vis,  the  star  x constellation, 

which  ri’tuAicd  periiKlically  in  about  4(>5  days. 

In  1072  Cassini  saw  a star  in  the  neck  of  the  Bull,  which 
be  thought  was  not  vilible  in  Tycho's  lime,  nor  when  Uayri 
made  his  figures. 

It  is  certain,  from  tbc  old  caialogui's,  that  matiy  of  the 
ancient  stars  are  not  now  visible.  ‘I  his  lais  |H*«n  particu- 
larly remarked  with  regard  to  the  Pleiades. 

M.  Monianar^,  In  bis  Icfter  to  the  Kuyul  Society  in 
IG70,  observes  that  there  are  now  wanting  in  the  heavens 
two  stars  of  the  i2d  lua^'tiilude.  in  the  steris  of  the  ship 
Argt),  and  its  yard,  which  bad  been  seen  till  the  year 
lbi)4.  When  they  first  disappeared  is  not  known ; but  he 
assuri's  Us  there  was  not  tbe  least  gliinpae  of  them  in  l6(>8. 
kle  adds,  that  he  has  observeil  many  inoie  changes  in  the 
fixed  stars,  even  to  the  number  of  a hundred.  And  many 
other  changes  of  the  stars  have  been  noticed  by  Caasini, 
Mwruidi,  and  \itber  observers.  Sec  Gregory's  Astron. 
lilx  2,  prop,  do.' 

But  the  gri'utest  numbers  of  variable  stars  have  been 
obsL'/vt  d ul  liUe  years,  and  the  must  accurau*  observations 
made  on  their  pariods,*  dec,  by  Hcrschel,  Goodricke, 
Pigoii,  ^cc,  in  the  late  volumes  of  the  Philos.  Trans,  par- 
ticularly in  the  vul.  for  k7fii>t  where  the  la^t  of  llu*segea- 
ilemeii  has  given  a catuloguu  of  all  ihul  have  been  hitheifto 
abterved,  with  accounU*of  the  uhscivatiuiib  that  have  been 
made  upon  them. 

Various  hypotheses  have  been  devised  to  account  for 
such  changes  and  apfK'arances  in  the  start.  It  is  not  prt^ 
bable  they  could  Im  coinets,  as  they  had  00  parallax, 
even  when  largest  <wnd  brightest.  It  has  been  supposed 
tliat  the  penmlical  stars  have  vast  dark  ^>ots,  or  dark 
sides,  aud  very*  slow  rotations  on  their  axes,  by  which 
means  iliey  must  disappear  when  the  darker  side  is  turned 
towards  us.  And  as  lor  those  which  break  out  suddenly 
with  such  lustre,  these  may  |)«rhapt  be  suns  whose  fuel  is 
almost  s|H-nl.  and  again  suppled  by  some  of  their  comets 
fislling  upon  them,  and  «>ccasioning  an  uncommon  blase 
and  splendor  for  some  uiik-;  which  it  is  conjectured  may 
be  one  use  of  the  cometary  purl  of  our  system. 

Maupertuis,  in  his  Dissertation  on  the  Kigures  of  the 
Celestial  Bodies  (pa.  01 — Oj),  is  of  opinion  that  some  stars, 
by  iheir  prodigious  swift  rotation  on  their  axes,  may  not 
only  assume  the  figures  of  oblate  spheroids,  hut  that  by 
the  great  pcntrifugal  force  arising  from  sueli  rotations, 
^ey  may  become  of  the  figures  of  railbstones,  or  be  re- 
duced to  fiat  circular  planes,  so  thin  us  to  b<‘  quite  in- 
visible wbln  their  edges  are  turnctl  towards  us,  as  Saturn's 
ring  is  in  such  position.  But  when  very  oxcentnc  planets 
or  comets  go  rimod  any  fiat  star  in  orbits  much  inclined 
to  ilv  equator,  the  altructioi^uf  the  planets  or  comets  in 
tltcir  pcnhrlions  must  alter  the  inclination  of  the  axis 
of  that,  star  ; nii  which  account  it  will  appear  more 
or  less  large  and  Itiimnous,  as  its  broad  side  is  more  or 
less  turned  towards  us.  Aud  thus  ho  imagines  wc  may 
account  fur  the  apparent  changes,  of-  magmiude.  nnd 
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lustre  of  Uiusc  scars,  and  also  for  .their  ap1>rapiiig  aiid 
divappraring.  ^ 

Hc-velius  appn  iirnils  (Coraetograph.  pa.  380),  fliat  thf 
sun  and  stais  are  surrounded  with  oimospiiercs,  and  that 
by  ^liirling  round  iluir  axes  with  gnat  rapidity,  ihiy 
throw  off  great  qiiamitM^  of  nialtcr  iiuo  tin  M*  airoosphens, 
and  so  cause  gnat  changes  in  them  ; and  that  thus  it  may 
conic  to  pas?>  that  a slur,  which,  when  its  atmosphere  js 
clear,  shiiius  out  with  great  luslie,  may  at  another  (iine, 
uhdii  it  is  full  of  clouds  and  thick  vapours,  appea/^eatly 
diminished  in  bri^inm  and  magnitude,  or  even  becuina 
quite  invisible. 

A'fiSurep/'  /Ac  jfred  Staes.  The  immense  distance  of 
the  stars  leaves  us  greatly  at  ^ loss  about  the  nature  of 
them.  What  we  can  gather  for  certain  from  their  pheno- 
mena, is  as  follows:  1st,  That  the  fixed  stars  are  greater 
than  bur  earth  : because  if  that  were  nql  the  cast*,  they 
Could  not  be  visible  at  s\ich  an  immenv^dittance.  2nd, 
The  fixed  stars  are  further  distant  from  the  earth  than  the 
fbrthi'st  of  the  planets.  For  we  frequently  find  the  fi.xcd 
stars  hid  behind  the  body  of  the  planets : and  besides^  they 
have  no  parallax,  which  the  planets  have.  3rd,  The  fixqd 
stars  shine  with  tlieirown  light;  lor  they  are  much  farther 
from  the  sun  than  Saturn,  and  appear  much  smaller  than 
Saturn;  but  since,  notwithstanding  this,  they  arc  fouud 
to  shine  much  brighter  than  that  planet,  it  is  evident  they 
cannot  borrow  their  light  from  the  same  source  as  Saturn 
docs,  -vis,  (he  sun  ;•  but  since  wc  know  of  no  4>ther  lumi- 
nous body  beside  tlio  sun,  whence  they  might  derive  their 
light,  it  follows  that  they  shine  with  their  own  native 
light.  * 

Besides,  it  is  known,  that  the  more  a telescope  magni- 
fies, the  less  is  the  aperture  through  which  the  star  is  seen; 
and  consequently,  the.  fewer  rays  it  admits  into  the  eye. 
Now  since  the  stars  appear  less  in  a telescope  which  mag- 
nifies two  hundred  times,  than  they  do  to  the  naked  eye» 
insomuch  that  they  seem  to  be  only  indivisible  poirus,  it 
proves  at  once  that  the  stars  are  at  immense  distances  from 
us,  and  that  they  shine  by  their'own  ptoper  light.  If  they 
shone  by  borrowed  light,  they  would  be  as  invisible  with- 
out telescopes  as  the  satellites. of  Jupiter  are; for  ihcsesa- 
lelliles  appear  larger  whiN)  viewed  with  a good  telescope 
than  (he  largest  fixed  star;i«  Hence,  1.  We  deduce,  that 
the  fixed  stars  arc  so  many  suns ; for-tbey  have  all  the 
characters  of  suns.  S.  That  in  all  probability  the  star* 
are  not  smaller  than  our  sun.  3.  That  it  is  highly  pro- 
bable each  star  is  the  centre  of  a system,  and  has  planets 
or  earths  revolving  round  it,  in  the  same  manner  as  round 
oiir  sun,  i.  e.  it  has  opaque  bodies  illuminated,  warmed, 
and  cherished  by  its  light  add  brat.  As  we  have  incom- 
parably more  light  from  the  moqn  than  from  all  the  stars 
together,  it  is  absurd  to  imagine  that  the  stars  were  maile 
for  no  bther  purpose  than  to  cast  a faint  light  upon  the 
car;h  ; especially  since  many  more  require  the  assistance 
of  a good  lelesco))^  to  find  them  out,  than  are  visible  with- 
out that  invtnsrocnt.  Our  sun  is  surrounded  by  asAem 
of  plancds  and  comets,  all  which  would  be  invisible  uom 
the  nearest  fixed  star ; and  from  whal  we  already  know  of 
the  immense  distance  of  the  start,  it  is  easy  to  infer,  that 
the  sun,  seen  from  such  adistanee,  would  ^ptarno  lai^r 
than  a star  of  the  firit  magnitude.  ' s 

From  all  this  it  is  highly  probable,  that  each  star  is  a 
sun  to  a system  of  worlds  moving  round  it,  though  umeitv 
by  us;  especially  as  the  doctrine  of  a phirality  of  worlda 
is  rational,  and  greatly  manifests  tbc  power,  the  wisdom,.' 
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tnd  th^  go^nm  of  the  great  Creator.  How  immense, 
then,  doe»  the  universe  apD^nr!  Indeed,  it  must  cither  be 
iohnite,  or  iniinitely  near  u.  • 

Kepler,  it  is  true,  denies  that  each  star  can  have  iu 
system  of  planets  aa  oun  has  ; and  takes  them  all  40  be 
fixed  in  the  s4me  surface  or  sphere;  u^ging^  (hat  were  ot»c 
twice  or  thrice  us  remote  as  another,  it  would  be  twice  or 
thrice  as  small,  supposing  their  real  magnitudes  equal; 
whereas  there  is  no  difference  in  their  apparent  magnitudes, 
justly  obser%ed,  at  all.  Uut  to  ibis  it  is  opposed,  Shut 
Huygens  has  not  only  shown,  that  firca  and  flames  arc  vi- 
sible at  distances  whiye  other  bodies,  comprehended  UQdcr 
equal  angles,  disapjK'ur;  but  it  should  likewiseaeem,  that 
the  optic  theorem  about  tlia  apparent  diameters  of  object^ 
being  reciprocally  proportional  to  their  distances  from 
the  eye,  docs  only  hold  while  tho  object  has  some  sensible 
ratio  to  its  distance. 

For  periofficifi  stars,  Ac,  see  Changes,  Suat^ 

supra. 

Motion  of  the  Sta  rs.  The  fixed  stars  have  several  kinds 
of  apparent  motion  ; one  called  the  Hrsi,  common,  or  di> 
umal  motion,  arising  from  the  earth's  rotation  about  its 
axis;  and  by  which  they  seem  to  be  carried  along  with 
the  sphere  or  firmament,  in  which  they  appear  fixed,  round 
the  earth,  from  cast  to  west,  in  the  space  of  24  hours. 

The  other,  called  the  second,  or  pro^r  motion,  is  that 
by  which  they  appi*ar  to  go  backwards  from  west  to  east, 
round  the  poles  of  the  ecliptic,  with  an  exceeding  sloW 
motion,  as  describing  a degrea  of  their  circle  only  in  the 
space  of  7 It  y^Ars,  or  50^  seconds  in  a year.  'Hus  ap* 
parent  motion  is  owing  to  the  recession  of  the  equinoctial 
points,  which  U 50|  seconds  of  a degree  in  a year  back* 
ward,  or  contrary  to  the  order  of  the  signs  of  the  lodiac. 
In  consequence  of  this  second  motion,  the  longitude  of  the 
stars  wiH  be  always  increasing.  Thus,  for  example,  the 
longitude  of  Cor  Ixonis  was  found  at  different  periods,  to 
be  as  follows:  vis, 


Ynr. 

Loiw. 

By  Ptolemy,  in  - 

- 138  to  be 

2® 

3(Y 

By  tbe  Persians,  in 

- 1115  - - - 

17 

30 

By  Alphonsus,  in  - 

- 1364  

20 

40 

By  Prince  of  Hesse, 

in  I5H6  - - - 

24 

n 

By  Tycho,  in  - • 

- 1601  

24 

17 

By  Flamsteed,  in  - 

- 1690  - - ,. 

25 

311 

Whence  the  proper  motion  of  the  stars,  according 

orderbf  the  signs,  in  circles  parallel  to  the  ecliptic,  is  easily 
inferred. 

k was  Hipparchus  who  first  suspected  this  motion,  on 
comparing  his  own  observations  with  those  of  Timuchuris 
and  Anstyllus.  Ptolemy,  who  lived  three  centuries  aftA 
Hipparchus,  demonstrate  the  same,  by  undeniable  ergu* 
meiits.  The  increase  of  longittkic  in  a century,  as  staled 
by  different  astronomers,  is  u follows : 

By  I’ycho  Brahe  - - . j®  24'  <yr 

Copernicus*  - - _ 23  40^ 

^ . Flamsteed  and  Riccioli  1 2:^  2o  • 

HuMiald  • - - - - 1 24  54 

Heveltu^  - 1 24 

Dr.  Bradley,  Ac.  - *•  1 23  55 

which  is  at  the  rate.of  50^  seconds  per  year. 

Front  th(*sr  data,  the  iacrraM*  in  the  longitude  of  a star 
for  anv  given  time,  is  easily  found,  and  thence  its  longitude 
at  any  time  : ex.  gr.  (he  longitude  of  Birtus,  in  Flamsteed's 
tabh^.  for  th^  yetfr  l69^i  being  9*^  49^  1"#  its  longitude  for 
year  1 800,  is  found  by  multiplying  the  interval  of  lime, 


vis,  / 10  yean,  by-  50|,  the  pmdt^ct  5537''i  or  33**171,  * 
addad  to  the  given  longitude  9^  49^  gives  the  longitude 
1 1®  21'  I s'’  for  the  year  1 800. 

The  chief  phenomena  of  the  fixed  stars,  arising  from 
their  common  and  proper  motion,  besides  thcirjoogitudc, 
arc  their  altitudes,  right  aseensions,  declinations,  occulm* 
tions,  cullbinalinns,  risings,  and  settings. 

, ^Soinc  have  supposed  (bat  (be  latitudes  of  the  stars  are 
nivunablc.  But  this  supposition  is  founded  on  two  as* 
sumptions^  which  are  both  controverted  among  astrooo* 
mers.  The  one  of  these  is,  that  the  orbit  of  th(  earth  con* 
tinues  unalterably  in  the  same  plane,  and  consequently 
that  the  ecliptic  is  invariable;  the  contrary  of  which  is 
now  very  generally  allowed. 

The  ofher  assumption  is,  that  the  stars  are  So  fixed  as 
to  keep  (heir  places  immoveably.  Ptolemy,  Tycho,  and 
olhon,  comparing  their  observations  with  those  of  (he  an* 
cient  astronomers,  have  adopted  this  opfhion.  But  from 
the  result  of  the  comparison  of  the  best  modern  obsiTva* 
(ions,  with  such  as  were  formerly  made  with  any  tolerable* 
degree  of  exactness,  there  appears  to  have  been  a real 
change  in  (be  position  of  some  of  the  fixed  stars,  with  re- 
spect to  each  other;  and  several  stars  of. the  first  magoi- 
tude  have  already  been  observed,  and  others  suspected,  to 
have  a proper  motion  of  their  own. 

Dr.  Halley  (Pbiius.  Trans.  No.  355),  has  observed,  that 
the  three  following  stars,  the  Bull's  eye,  Sirius,  and  Apc- 
turus,  arc  now  found  to  be  above  half  a degree  more 
southerly  than  the  ancients  reckoned  them!  that  this  dif- 
ference cannot  ariK*  from  the  errors  of  the  transcribers,* 
becauae  the  declinations  of  the  Itars,  set  down  by  Ptole* 
my,  as  observed  by  Timocharis,  Hipparchus,  and  himself, 
show  their  latitudi's  given  by  hiiu  arc  suo^^  (hose  au- 
tlBirs  intended  : and  it  is  scarce  to  be  believed  that  those, 
three  observers  could  be  deccived^n  so  plain  a matter.  To 
this  he  adds,  that  the  bright  star  in  the  shoulder  of  Orion 
has,  in  Ptolemy,  almost  a whole  degree  more  southerly 
latitude  than  at  present : (hat  an  ancient  observation, 
made  at  Athens  in  the  year  509,  Bulliald  supposes,  of 
an  appulsc  of  the  mt>on  to  the  Bull's  eye,*sbows  that  star 
(o  have  had  less  latitude  at  that  time  than  it  now  has : 
that  as  to  Sirius,  it  appears  by  Tycho's  observations,  that 
be  found  him  more  northerly  than  be  is  at  this  time. 
All  these  obs<Tvarions,  compared  (ugeiher,  seem  (u  favour 
an  opinion,  that  some  of  the  stars  have  a proper  rauiion  of 
their  own,  which  changes  their  places  in  the  sphere  of  the 
heavens:  this  change  of  place,  as  Dr.  Halley  observes, 
may  shuw  itself  in  so  long  a time  as  1600  yeass,  though  it 
bo  entircly  iiiiperciptible  in  tbe  space  of  one  single  cen- 
tury; and  it  is  likely  to  be  »oooest- discovered  in  iqch 
stars  as  those  just  now  mentioned;  because  they  are  all 
of  the  first  magnitude,  and  may,  therefore,  prfibably  be 
some  of  the  nearest  to  our  solar  system.  Arclurus,  in 
particular,  affords  a strong  proof  of  this : for  if.its  present 
declination  be  compared  with  its  place,  as  dctermiaed 
either  by  Tycho  or  Flamsteed,  the  difference  will  be  founu 
to  be  much  greater  than  what  can  be  suspecU4(  to  arise 
from  the  uncertainty  of  their  observations.  See  Arctu- 
Rus,  and  Mr.  Hornsby’s  inquiry  into  the  quanti^  and 
direction  of  the  proper  motlbn  of  Arclurtis,  Phil.  Trans. 
vol.6'3,  part  I,  pa.  93,Ac. 

For  an  account  of  Dr.  Bradley’s  observations,  sec  the 
sequel  of  this  article,  also  Ari-.rkation. 

Dr.  Hcrschel  has  also  lately  obs4Tved,  that  the  distance 
of  the  two  stars  forming  the  double  star  r Draconis,  is 
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54*  48*^,  tnd  their  pMiiion  44*  IJJ'  Jf-  preceding.  Where- 
S,  from  the  right  a»cent}tin  end  declinution  of  tbc«e  ktars 
til  Flamsteed’s  catalogue!  th«-ir  distance,  in  bis  time,  ap- 
pears to  have  been  11'*'4I8,  ^d«|heir  {lueition  44*^  USf 
K.  preceding.  Hence  he  infers,  that  as  the  difference  in 
the  distance  of  these  two  stars  is  su  cunsiderlble,  we  can 
hardly  account  fur  it,  otherwise  than  by  admitting  a pro- 
per motion  in  one  or  the  other  of  the  stars,  or  in  our  s<dar 
system  : most  prob|bly  he  says,  neither  of  the  three  is  at 
rest.  *Hc  aKo  suspects  a proper  motion  in  one  ol  the  dou- 
ble stars,  in  C'auda  Lyncis  Media,  and  in  s Ceti.  P^l. 
Trans,  vol.  7-'.  part  l»pa*.  117,  143,  150. 

* It  is  n'aM»iiable  to  expect,  that  other  instances  of  the 
like  kiiid  must  also  «>ccur  among  the  grpat  number  of  vi- 
sible Mars,  because  their  relative  pusitioas  may  be  altered 
by  various  means  For  if  our  own  soiar'system  be  con-  . 
ceivi>d  to  change  its  place  with  respect  toabsolttte  space, 
this  might,  in  pr4>cesB  of  lime,  occasion  an  appaiunt 
change  in  the  angular  distances  of  the  fixed  stars;  and 
in  such  a case,  tl>e  placrs  ul  the  nearest  stars  being  more 
affected  than  of  those  that  are  very  remote,  Ihetr  relative 
position  might  seem  to  alter,  ilkough  the  stars  ibenaalves 
w*rF  really  iiamoveable  ; and  vice  vena,  we  may  suriuisa 
from  the  observed  motion  of  the  stars,  that  our  sun,  with 
all  Its  planets  and  comets,  may  have  a motion  towards 
some  particular  part  of  the  heavens,  on  account  of  a 
greater  quantity  of  matter  collected  in  a miinber  of  stars 
and  their  surrounding  planets  there  situuiud,  which  may* 
perhaps  occasion  a gravitaliun  of  our  whole  solar  sysUuu 
towards  it.  If  thi4  surmise  shtiuld  have  any  foundation, 
as  Dr.  Ilerschel  observes,  ubi  supra,  pa.  103,  it  will  show 
itself  in  a scries  of  some  years;  since  from  tRat  motion 
there  will  arise  another  kind  of  hitherto  unknown  paral- 
lax (suggested  by  Mr.  Micbell,  Philos.  Trans,  vol.  57, 
pa.  135^},  the  investigation  u|  which  may  account  forsoriic 
part  of  the  motions  already  observed  in  some  of  the  prin- 
cipal stars;  and  for  the  purpou'  of  determining  the  direc- 
tion and  quantity  of  such  a motion,  accurate  obeervalions 
of  the  distance  of  stars,  that  are  near  enough  to  be  mea- 
sured with  a micrometer,  and  a very  high  power  of  tele- 
scopes, may  be  of  considerable  use,  as  they  will  undoubt- 
edly give  us  the  relative  places  of  those  stars  to  a much 
greater  degree  of  accuracy  than  they  can  be  had  by  in- 
struments or  sectors,  and  thereby  much  sooner  enable  us 
to  discover  any  apparent  change  in  their  situaiiun,  occa- 
Moned  by  lliis  new  kind  of  M.’cular  or  systeiiialical  paral- 
lax, if  we  may  soexpri-s^  the  change  arising  fruin  the  mo- 
tion of  the  whole  solur  system. 

.4nd,  on  the  other  hand,  if  our  system  be  at  rest,  and 
any  of  the  Stars  really  in  motion,  this  might  likewise  vary 
their  apparent  positions,  and  tlir  mure  so,  tlie  ni  arvr  tlii'y 
are  to  us,  or  the  swifter  their  motions  arc  ; or  the  more 
jirupfT  the  direction  of  the  motion  is  to  be  rendered  pir- 
ceptible  by  us.  Since  then  the  relative  places  of  ilie  stars 
may  be  changed  from  such  a variety  of  causi-s,  consider- 
ing the  amasing  distance  at  which  it  is  coiiain  some  W 
them  are  placed,  it  may  require  the  obM*rvaUon»  of  many 
ages  to  deti'rmine  the  laws  of  the  apparent  changes,  even 
of  a sinxlr  star  ; much  mgre  difficult,  iberefbre,  must  itim 
to  settle  the  laws  irlaliug  to  all  the  tttoal  remarkable  of 
them. 

When  the  causes  w hich  affi'Ct  the  places  of  all  the  stars 
io  general  are  known  ; such  as  the  precession,  aberration, 
and  nuiation,  it  may  be  of  singular^use  to  examine  nicely 
the  relative  situations  of  particular  stars,  and  c-pecially  of 
Vol.  ir. 


those  of  the  greoiest  lustre,  which,  it  may  be  presumed, 
lie  prarest  to  us,  and  may  ihcn'Idre  be  subject  to  more 
sensible  changes,  either  from  iheir  own  motion,  or  from 
that  of  our  system.  And  if,  at  the  same  tims  the  brighter 
Wars  are  compared  with  each  other,  we  may  likewise  de- 
termine the  lelative  p<»itions  of  some  of  the  smailrst  that 
appear  near  lliei%  whose  places  can  U*  ascertained  with 
sufficient  exactness,  weYiay  perhaps  bp  able  to  judge  to 
wliat  cause  the  change  is  owing, 'if  any  bcobNcrvablc.  The 
uncertainty  that  we  are  at  present  under,  with  respect  tu 
the  degree  of  accuracy  with  which  former  astronomers 
could  observe,  mak«s  us  unable  to  determine  uvcral 
things  relating  to  this  subjest.;  but  the  improvements, 
which  have  of  lale  years  bien  made  in  the  methods  oi 
taking  the  plac(*s  of  the  heavenly  bodies,  are  so  great,  that 
a few  years  may  hereafter  be  sufficient  tu  settle  soma 
points,  which  caimul  now  be  settled ; by  comparing  even 
the  earlii-st  ubseavalions  with  tbiwc  orthe  present  age. 

Dr.  H«<oke  curoinunicated  several  ubservatiooa  uu  ihe 
ap|Mrenl  motions  of  the  fixed  siars;  and  as  ibis  wasa  niat- 
U*r  of  great  importance  m astronomy, several  of  the  leara&'d 
were  desirous  of  verily  iof  and  confirming  his  observatMint. 
An  instrument  was  accordingly  contrived  by  Mr.  Ceqrge 
Graham,  and  executed  with  su'prUiiig  exactness. 

With  this  instrument  the  star  y,  in  the  c>mvUllation 
Draco,  was  frequently  observed  by  Messr».  MoL  ..er.x, 
Bradley,  and  Graham,  in  tlie  yiars  1795,  1796  ; and  iha 
observations  were  afterwards  repeated  by  Dr.  Iluikicy 
with  an  instrument  contrived  by  the  same  ingrmuui  per- 
son, Mr.  Graham,  and  so  exact,  that  it  might  be  depended 
on  to  half  a second.  The  result  of  these  observations 
was,  that  the  star  did  not  always  appear  in  the  same  place, 
but  that  its  distance  from  the  zeokh  varied,  an>l  that  the 
difference  of  the  apparent  places  amounted  to  21  or  22 
Kconds.  Similar  observations  wen*  made  on  other  stars, 
and  a like  apparent  motion  was  found  in  them,  propor- 
tional p>  the  latitude  of  the  star.  This  motion  was  li^'  ao 
means  such  as  was  to  have  been  expacted,  as  jhe  effect  of 
a parallax,  and  it  was  souse  time  befoM  any  way  could  ba 
found  of  accounting  for  this  new  pbeoomrnoo.  At  length 
Dr.  Bradley  resolvqd*!^  variety,  in  asatbiacUKy  wgis- 
ner,  by  the  motion  of  light  and  the  motion  uf  the  earth 
com^unded  together.  ^ AatauaTiuii  and  Ltciir, 
and  PhiL  Tram.  No.  i06,  |>a.  364. 

That  excclleot  asUoounier  bad  ao  sooner  diKovrc- 
nd  the  cause,  and  willed  the  laws  of  aberration  of  the 
fixed  Stan,  than  bit  atteiilinn  was  again  excited  by  ano- 
ther new  phenomenon,  vix,  an  annual  change  of  declina- 
tion in  some  of  the  fixed  Mars,  which  appeared  to  be  sen- 
sibly greater  than  a pr4  ccs»iun  of  tbe  ^quinnctial  points, 
of  50  j*  in  a yi*ar,  would  have  oegasiom-d.  'I'liis  appareqt 
change  of  declination  was  observed  in  the  Man  near  tbe 
equinoctial  Cblure ; and  there  appearing  at  the  same  lime 
an  effect  of  a quite  contrary  nature,  in  some  Mars  near 
the  solstitial  colure,  which  seemed  to  alter  their  decimal 
lion  less  than  a prece^xion  of  50*  rc<)uired.  Dr.  Bradley 
WHS  thereby  cunvinc4>d,  that  all  tbe  phenomena  in  the  dif- 
fi*rent  stars  c«mld  not  be  accounted  for  merely  by  suppo- 
sing that  he  had  avsumt'd  a wrong  quantity  for  the  prA  es- 
siou  of  tbe  equinoctial  poims.  He  bad  also,  all*  r many 
trials,  sufficient  reason  to  coiiiiude,  that  these s«‘C4»iid  uii- 
expected  devialioiis  vl  the  stars  were  tmt  owing  to  any 
imperfection  of  hts  instruments.  At  lungth,  trom  repeat- 
ed obdFrvations  he  began  to  guess  at  the  real  cause  of 
these  phenomena. 
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ltappi«rnl  from  the  Doctor's  observations,  during  his 
ri’>idcncc  ai  U’ansicd,  from  ihcjcar  l7‘-i7  to  )7^'A  that 
some  of  the  stars  near  iht  solsiiiia!  cohire  bad  changed 
their  dcclmaliom  9"  or  less  than  a precession  of  50* 
would  base  pnKluced  ; and,  at  the  tame  time,  that  others 
near  the  equinoctial  colure  had  nltered  theirs  about  the 
Kime  quantity  mon»  than  lite  ly  prccaasion  would  ha\c 
occasioned  : the  north  pole  of  tliecquat<»r  Si’cmmg  to  have 
approached  the  stars,  whicli  come  to  the  meridian  with 
the  sun  about  the  vernal  equinox, and  the  winter  solstice; 
and  to  have  receded  from  those  which  come  tO  the  meridian 
with  the  si^  about  the  autumnal  equinox  and  the  summer 
solstice. 

From  the  consideration  of  these  circumstances,  and  the 
fituetion  of  the  ascending  node  of  the  moon's  orbit  when 
he  first  bi'gnp  to  make  his  observations,  he  suspected  lliut 
the  moon’s  actiuii  on  the  equatorial  parts  of  the  curih 
might  produce  these  rflVcis.  For  if  llieqirtcessioti  of  the 
equinox  he,  accoriling  to  Sir  Isaac  Newton's  principles, 
caused  by  the  actions  of  the  sun  and  mooii  on  those  parts ; 
the  plane  of  the  moonN  orbit,  being  at  one  time,  above  10 
degrees  more  inclined  to  the  plane  ol  the  equator,  than  at 
anitther,  it  was  it’asonahlc  to  conclude,  that  the  part  of 
the  whole  annual  precession  which  arises  from  her  action, 
wouid,^  in  different  years,  be  varieil  in  its  quantity; 
whereas  the  plane  of  the  ecliptic,  in  which  the  sun  u|>> 
pears,  keeping  always  nearly  the  same  inclinalion  to  the 
equator,  that  part  of  the  p^eces^ion  which  is  owing  to 
the  sun's  acliou,  may  be  the  same^vory  yc*ar;  and  from 
hence  it  would  follow,  that  though  the  mean  qiiiiuh)  pre- 
cession, proce<*ding  from  the  joint  actions  of  the  sun  and 
moon,  went  50";  yet  the  apparent  annual  precession  might 
sometimes  exceed,  and  sometimes  fall  short  of  that  mean 
quantity,  according  to  the  various  situations  of  the  ninles 
of  the  moon's  orbit. 

In  the  year  1727*  the  mo<in's  ascending  node  was  near 
the  bt'ginning  of  Aries,  and  conH<‘quenily  her  orbit.  »a*  as 
much  inclined  to  the  equator  as  it  can  at  nny  lime  be  ; 
ami  then  the  apparent  at.nual  pr«cossion  was  found,  by 
the  Doctor’s  first  year’s  ohsenatinns,  to  be  greater  than 
the  mean  ; which  proved,  that  the  stars  near  the  equinoc* 
ttal  colute,  whose  dt'Clinations  are  must  of  all  afiected  by 
the  precession,  had  changed  theirs,  above  a tenth  pan 
/nore  than  n precession  of  50*'  would  have  caused.  Tho 
succeeding  year’s  observations  proved  the  same  thing; 
and,  in  three  or  four  years’  tunc,  the  difR'rcnce  iiccume  so 
ronsidcrahle  as  to  leave  no  roOtn  in  suspect  it  owing 
to  any  iiiiperfet  lion  either  of  the  instrument  orobservalion. 

But  some  of  the  stars,  that  were  near  the  solstitial  co- 
lure,  having  appeared  to  move,  during  the  same  lime,  in 
a manner  contrary  to  udiiit  they  ought  to  have  done  by 
an  incrensi.'  of  the  pnxessiun  ; and  the  deviations  in  them 
being  an  remarkable  as  in  the  others,  it  evident  that 
something  mon'  than  u mere  rhangc  in  the  quantity  of 
the  precession  would  be  requisite  to  solve  this  part  of  the 
phenomenon.  On  comparing  the  observations  of  stars 
near  the  solstitial  colure,  that  were  almost  opposite  to 
each  other  in  ri;;hl  a'lcension,  they  were  found  to  be 
rquftHy  affi-cted  by  this  cause.  For  whilst  y Draconis 
appeared  to  have  fnoved  northward,  the.  small  st.ar,  which 
In  the  35th  Camelopardali  llevelii.  in  the  Uriiish  cata- 
logue,  seemed  to  have  gone  O-'  much  Awards  the  sbuth  ; 
"hich  showed,  ihnt  this  agparenl  motion  in  both  those 
might  proceed  from  a nutation  of  the  earths  axis  ; 
“heu-,is  the  comparison  of  the  Doclor’s  observations  of 


the  same  tlurs  formerly  enabled  him  to  draw  a different 
conclusion,  with  respect  to  the  cause  of  llic  annual  nltci^ 
lions  aiiring  from  the  luotmn  of  light.  For  the  ap]i|ireiii 
alteration  in  y Diuconis,  from  that  cause,  being  us  large 
again  as  injihe  oilier  small  star,  prqved,  that  that  did  not 
proceed  from  a nutuliou  of  the  earth's  axis  ; as,  on  tho 
contrary,  this  might. 

On  making  the  like  comparison  Isetwcrn  the  observa- 
tions of  other  stars,  that  lie  nearly  opposite  m right 
ascension,  whatever  their  situations  were  with  r;&pt*ct  to 
tli9  cardinal  points  of  ihc  equator,  it  appeared,  tfirfl  their 
change  of  decimation  uas  marly  equal, Uuicoiitniry;  and 
such  asa  nutation  or  tnoliunof  toe  earth's  axis  would  effect. 

The  moon’s  ascending  node  being  now  relumed  to  the 
beginning  of  Capricorn  in  (he  year  1732,  the  stars  near 
the  equinoctial  colure  appeared  about  that  lime  to  change 
ihcir  declinations  no  mure  than  a precession!  of  50"  re- 
(|uired ; while  some  of  (hose  near  the  Mdstuiui  colurt* 
altered  theirs  above  2*^  in  a year  less  than  they  ought. 
Soon  after  the  annual  change  of  decimation  of  the  former 
was  perceived  to  be  diminished,  M>as  to  become  irss  than 
50"  of  precession  would  cause;  and  it  continui-ii  to  dimi- 
nish nil  the  year  1736\  when  the  moon’s  ascending  licxle 
was  about  the  beginning  of  IJbra,  and  her  orbit  hud  tho 
least  inclination  to  the  equator.  But  by  this  time,  some 
of  the  stars  near  the  solstitial  colure  had  altered  their  de- 
clinations lb''  less  since  the  year  1727,  than  they  oeght 
• to  have  done  from  a precession  of  50*.  For  y Draconi!*, 
which  in  lbo5C  9 yciirs  would  have  gone  about  h“  mote 
southerly,  was  observetl,  in  1736.  to  appear  10*  more 
northerly  than  it  did  in  the  year  1727. 

As  this*appearBiice  in  y Draconis  indicated  n diminu- 
tion of  the  iiicliuaiiun  of  the  earth’s  axis  to  tJie  plane  of 
(he  ecliptic,  and  as  si'vera)  avlronomcrs  hud  suppownJ  that 
inclination  to  diininisli  regularly  ; if  this  pbrnorm-uon  de- 
pended on  such  a cause, ami  amuiinted  to  lb**  inilycan!* 
the  obliquity  of  the  ecliptic  would,  at  that  rate,  alter  a 
whole  minute  in  30 years  ; which  is  much  faster  than  any 
obscrviitions  before  made  would  allow.  The  Doctor  h.ul 
(licnlbn*  reason  to  think,  that  some  part  of  this  motion 
at  Iciist,  if  not  the  whole,  was  owing  to  the  muon’s  action 
on  the. equatorial  parts  of  the  earth,  which  he  conceived 
might  cause  » libratory  motion  of  the  earth’s  axis.  But 
AS  hevvas  unable  to  judge,  from  only  ,9  years' observation, 
whether  the  axis  would  entindy  recover  the  same  position 
that  it  had  in  the  year  1727*  he  found  it  nectMary  to  con- 
tinue his  observations  through  a whole  |,eriud  of  the 
moon's  nodes ; at  the  end  of  which  he  had  the  sulisfac- 
tion  to  see,  that  the  stars  returned  into  (he  same  positions 
attain,  ns  if  there  had  been  no  altcniliun  nt  all  m the  in- 
clmatirm  of  the  earth’s  axis;  which  fully  convinced  him, 
that  he  hail  gu«-s$ed  rightly  as  in  the  cause  of  (he  pheno- 
menon. T-his  circumstance  proves  likewisi*,  that  if  there 
bo  a gradual  diminution  of  the  obliquity  of  the  ecliptic,  it 
docs  not  arise  only  from  an  alteration  in  the  position  of 
(tie  eurlh’s  axis,  but  rather  from  some  change  in  the 
plane  of  the  ecliptic  itself;  because  the  stars,  at  the  end 
of  the  period  of  the  muon’s  nodes,  appeured  in  the  same 
places,  will)  rcspi'ci  to  the  cqu^or,  as  they  ought  to  have 
done  if  the  earth's  axis  had  retainerf  the  same  mclinatioa 
to  an  invariable  plane. 

Ilic  Doctor  having  communicated  these  observations, 
and  his  opinion  of  their  cause,  to  the  late  Mr.  Machin, 
that  excellent  geometrician  soon  after  sent  him  & table, 
coiituinmg  (lie  quandiy  of  the  annual  precession  in  the 
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various  positions  of  ibc  moon's  nodes,  os  «lso  the  corrr- 
sponiling  nutatioits  of  the  earth’s  axi^;  which  was  com- 
puted on  the  supposition  that  the  nu'aii  annual  precession 
IS  60",  ami  that  the  whole,  is  governed  by  tlie  pole  oftho 
moon’s  orbit  only;  and  therefore  Mr.  Machin  imagined, 
that  the 'numbers  in  the  tabic  would  be  too  large,  as,  in 
fact,  tiK*)*  were  found  to  bc<  But  it  appcarcA  that  the 
changes  which  Dr.  Bradley  had  observed,  both  in  the  an- 
nual proce&siun  and  nutation,  kept  the  same  law,  as  to  in- 
creasing and  di'Crcnsiag,  with  the  numbers  of  Mr.  Ma- 
^ chill's  table.  Those  were  calculated  on  the  supposition, 
that  the  pole  of  the  equator,  during  a period  of  the  moon’s 
nudes,  moved  round  in  the  periphery  of  a little  circle, 
whose  centre  was  93^  ‘29’  distant  from  the  pole  of  the 
ecliptic  ; having  luclf  aBo  an  angular  motion  of  SO'  in  a 
year  about  the  same  pole,  ’i'lie  north  pole  of  the  r-qiia- 
lur  was  conceived  to  be  in  that  part  of  the  small  circle 
which  is  farthest  from  the  noith  pole  of  the  ecliptic,  at 
the  same  lime  when  the  moon's  ascending  node  is  in  the 
beginning  of  Aries;  and  in  the  opposite  point  of  it,  when 
the  same  node  is  in  Libra. 

If  the  diameter  of  the  little  circle,  in  which  the  pole 
of  the  equator  moves,  be  suppoMHi  equal  to  18",  which 
is  the  whole  quantity  of  the  nutation,  as  collected  from 
Dr.  Bradley’s  observations  of  the  star  y Draconis,  then 
all  the  phenomena  of  the  several  stars  which  he  obaerved 
will  be  very  nearly  solved  by- this  hypothesis.  But  for 
the  particulars  of  bis  soKition,  and  the  application  of  hit 
theory  to  the  practice  of  astronomy,  we  roust  refer  to  the 
excellent  author  himself;  our  intention  being  only  to  give 
the  history  of  the  invention. 

The  corrections  arising  from  the  aberration  of  light, 
and  from  the  nutation  of  the  earth's  axis,  must  nut  be 
neglected  in  astronomical  observations ; since  such  ne- 
glects might  produce  errors  of  near  a minute  in  the  polar 
distance  of  some  stars.  As  to  the  allowance  to  be  made 
for  the  aberration  of  light.  Dr.  Bradley  assures  us,  that 
having  again  examined  those  of  his  own  observations, 
which  werv  most  proper  to  determine  the  transverse  axis 
of  the  ellipsis,  which  each  star  seems  to  describe,  be  found 
it  to  txr  nearest  to  40” : and  this  is  the  number  he  makes 
use  of  in  his  compulations  relating  to  the  nutation.  Ur. 
Bradley  says,  in  general,  that  experience  has  taught  him, 
tliat  the  observations  of  such  stars  as  lie  nearest  t^c  ac- 
iiilh,  generally  agree  best  with  one  arvother,  and  are  there- 
fore liltest  to  prove  the  truth  of  any  hypothesis.  Phil. 
Traits,  num.  483,  vol.  4.5,  pu.  I,  Acc.  See  our  article 
Nutatiox. 

M.  Dalcmbcrt  Iras  published  a treatise,  entitled,  Rc- 
cberches  sur  la  Precession  dcs  fUjuinoxes,  et  sur  la  Nuta- 
tion dc  la  Terre  dans  Ic  Systcine  Newtonicn,  4to.  Paris, 
1749'  The  calculations  of  this  learned  gentleman  agree 
In  gerrcral  with  Dr.  Bradley's  observations.  But  M.  X)a- 
iembert  finds,  that  the  pole  of  the  equator  describes  an 
cllipAs  in  the  heavem,  the  ratio  of  w4iovr  axes  is  that  of 
4 to  3 ; whereas,  according  to  Dr- Bradirv,  the  curve 
described  is  cither  a circle  or  an  ellipsis,  the  ratio  of 
whose  axis  is  as  9 to  8.  # 

The  several  stars  in  each  coiutelUtion,  as  in  Taurus, 
Bonirs,  Hercules,  Ac,  see  under  the  proper  article  of 
each  constellation,  Taurus,  Bootcs,  Iicrcdles,  Ac.— 
To  learn  to  know  the  several  fixed  stars  by  the  globe,  ice 
Globx. 

Circumpolar  Si  am.  See  Circumpol  R. 

Star.  Sec  Morkiko. 


Place  qfa  Sttau.  See  Pl.sCE. 

Pole  Stak.  Sec  Pole.  * 

Twinkling  qf  Mr  Stars.  Sss:  Twixklino. 

Unformed  Stars.  See  Inpokmes. 

Catalogn<>s  of  the  stars,  with  their  situations  in  right- 
asccnsioii  und  declination,,  may  be  seen  in  Mr.  Vince's 
and  most  other  books  on  Astronomy ; also  in  Zdch’s  ai.d 
Wollaston’s  tables,  and  the  French  Couuoissauice  drs 
Tem*-,  &c.  • 

Star,  in  Electricity,  denotes  the  appearence  of 
electric  matter  on  a point  into  wlqch  it  enters.  Beccanh 
supposes  that  the  Star  is  occasioned  by  the  difficulty  with 
which  the  electric  fluid  is  extricated  from  the  air,  which 
is  an  electric  substance.  See  Bausti. 

Star,  in  Fprtiiication,  denotes  a small  fort,  having  3 
or  more  points,  or  saliaiit  and  re-enteriog  angU's,  flanking 
one  another,  and  their  facA  90  or  100  feet  long. 

Star,  in  Pyrutheebny,  a composition  of  combustible 
inatlen;  which  being  bofiie,  or  thrown  aloft  into  the  au, 
exhibits  the  appearance  of  a real  star. — Stars  an*  chiefly 
used  as  appenduges  to  rockets,  a number  of  them  being 
usually  inclosed  in  a conical  cap,  or  cover,  at  the  bead  of 
the  rocket,  and  carried  up  with  it  to  its  utmtjst  height, 
where  the  stars,  taking  fire,  are  spread  around,  and  exhibit 
ill)  agreeable  spectacle. 

7b  make  3kars.~Mix  3lbs  of  saltpetre,  1 1 ounces  of 
sulphur,  one  of  antimony,  and  3 of  gun{>owdcr  dust:  or, 

12  ounces  of  sulphur,  6 of  saltpetre,  3^  ol*  gunpowder 
dust,  4 of  olibanum,  one  of  mastic,  camphor,  sublimate 
of  mercury,  and  half  an  ounce  of  antiiuuny  and  urpitncnl. 
Mmsten  the  mass  with  gumwatcr,  and  make  it  into  little 
balls,  of  the  size  of  a cbiisnul;  which  dry  either  in  the 
sun,  or  in  the  oven.  These  being  t on  fire  in  tbu  air, 
will  rrprmmt  stars. 

^TAK-Board  denotes  the  right  hand'sidu  of  a ship, 
when  a person  on  board  stands  with  the  face  looking  for- 
ward towards  the  head  or  fore  part  of  the  ship.  In  con- 
tradistinction from  Larlxiard,  which  denotes  the  left  hand 
side  of  the  ship  in  the  same  circumstances.— 'I'liey  say. 
Starboard  the  helm,  or  Helm  a starlioard,  wrlicn  the  man 
at  the  helm  should  put  the  helm  to  the  right  band  side  of 
the  ship. 

Falltng  STAKt  or  Shooitug  Star,  a luminous  meteor 
darting  rapidly  through  the  air,  and  resembling  a Star 
falling.— The  explication  of  this  phenomenon  has  puizicd 
ull  philosophers,  till  the  modern  discoveries  in  electricity 
have  led  to  the  most  probable  account  of  it.  Sigoior  Dcc- 
caria  makes  it  pretty  evident,  that  it  is  an  electrical  ap- 
|iearance,  and  recites  the  follow  ing  fact  in  proof  of  it. 
About  an  hour  after  sunset,  he  and  some  friends  that  ware 
with  him,  observed  a falling  star  directing  its  course  to- 
wards them,  and  apparently  growing  larger  and  larger; 
but  it  disappeared  not  far  from  them;  when  it  left  their 
faces,  bands,  and  clothes,  the  earth,  and  all  the  neigh- 
liouring  objects,  suddenly  illuminated  with  a difluM'd  ond 
lambent  light,  not  attended  with  any  noise  at  all.  During 
their  surprise  at  this  appearance,  a servant  informed  them 
that  he  bad  seen  a light  shine  suddenly  in  the  garden,  knd 
(*specinlly  upon  the  streams  which  be  was  throwing  to 
water  it.  All  these  appt'aranccs  were  evidently  electrical ; 
and  Bi'ccaria  was  confirmed  in  his  conjecture,  that  elec- 
tricity w as  the  cause  of  them,  by  the  quantity  of  electric 
matter  which  he  had  seen  gradually  advancing  tow.irds 
his  kite,  which  had  very  much  the  appearante  » f»lling  • 
star,  ^inttimcs  also  he  saw  a kind  of  glory  ruuud  the 
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kite,  .which  followed  it  wii^n  it  changed  ir^  placfe,  but  left 
lome  li^bl,  for  a mull  »|niceof  time,  in  the  place  it  had 
quilted.  I^HMhr'a  tlitt.  vol.  1,  pa.  4d4,  6vd.  2?ec 
]uM&  FalnUi. 

^TAh  foti,  ntr  Rlrdcw^t,  in  Fcrtificaiinn.  Jkt  Star,  R*- 
ftbclBT,  imd  Fort. 

STARLINGS,  Dr  SrtRtiiios,  or  kind  of  case 

made  about  a prer  built  on  stilts,  to  ;>ecure  it.  bee 
SlILTS. 

, €TaTICS,  R brunch  of  mathemntics  which  considers 
b'etghi  oT  gra\^y,  and  tfre  rnoUon  ol  budres  resulting  irom 
}L  Thos«'  Who  define  incdiunTCS,  the  sChUCt'  ol  o^otion, 
brake  statics  a part  of  it^  vis,  ituit  |>art  which  conshSers 
ihs;  motion  of  bodies  arising  trtim  gravity.  Uthers  inalce 
tlirtn  tw'o  di^nnet  ductrim's;  rcbtraming  macbiuiics  to  the 
doetTinenf  motion  and  Twighl,,  as  drpemiing  on,  or  con- . 
ported  mTh,  the  ]ioWTr  ol  machmov;  and  btattes  to  the 
doctrine  of  motion,  con-td«  red  pierely  as  arising  from  the 
Weight  of  bodies,  without  any  irnim-drate  respect  Id 
mn^ines.  In  this  way,  statics  should  be  the  doctrine  or 
theory  of  motion  ) and  mechanics,  the  application  of  it  to 
fniichiritfs. 

for  the  laws  of  statics,  see  Gh.svitT,  Desckht, &c. 

STATION,  or  STxnoNARY,  in  Astronomy,  the  iKisi- 
lion  or  appearance  of  a planet  m the  same  point  ol  the 
zodiac,  lor  several  days.  This  huppem.  from  the  observer 
being  siluati-d  on  the  earth,  which  is  fur  out  of  thg  centre 
of  their  orbits,  by  which  they  seem  1o  procct'd  irregularly; 
being  sometimes  seen  Ui  go  forwards  or  fromwv*sl  to  east, 
which  is  their  natural  direction;  sometimes  to  go  back- 
Vards,  or  frotn  east  to  west,  which  h thiir  rctrogradarion  ; 
and^rfween  these  two  states  (here  must  bean  intermediate 
'One,  where  thfc  plaim  appears  neither  to  go  forwards  nor 
backwards,  but  to  stand  still,  and  keep  the  same  place  in 
the  heavens,  which  h called  her  Station,  and  (be  planet  U 
(hen  said  to  be  Stationary. 

Apollonius  ‘PorgsuB  has  shown  how  to  find  (he  sta- 
tionary point  of  a planet,  according  u>  the  old  theory  of 
(he  planets,  which  aupposei  them  to  move  in  epicycles; 
which  was  followed  by  Ptolemy  in  his  Almug.  lib.  12, 
cap.  1,  and  others  till  ibc  time  of  Copernicus.  Concern* 
ing  this,  see  Regiomontanus  in  Lpitome  Almagesti,  lib. 

prop.  1;  eppernictn's  Rcrulmioms  C’celcsi.  lib.  5, 
'Cap.  35  and  36;  Kepler  in  TabuHs  Rudulphinis,  Cap.  24; 
Riedoli's  Almag.  Iibr7,  sect. '5,  cap.  2:  Herman  InMis- 
'cellan.  B<Tolinetis.  pa.  I97»  Pc.  Halley,  Mr.  Facio,  Mr. 
Demoivre,  Dr.  Keil,  nnrl  others  have  treated  on  (his  sub- 
ject. SceaUothe articles  RmioURADEand  SrAXiONARlf 
in  (his  Diciioiiary. 

•SrATioTf,  in  Practical  Geometry  Ac,  is  n place  pitched 
npoh  to  make  an  observation,  or  tjkc  an  angle,  or  such 
like,  iU  in  surveying,  measuring  heigbts-and-distances, 
levelling,  Ac.  An*  accessible  height  is  taken  from  one 
station  ; but  an  inaccessible  height  or  distance  is  only  to 
be  taken  by  making  two  stations,  from  two  places  whose 
distance  asunder  is  known.  In  constructing  ma]is  of  coun- 
ties, provinct*s,  Ac,  stations  arc  fixed  upon  attain  emi- 
nences Ac  of  the  country,  and  angles  taken  Ifom  thence 
to  the  several  towns,  villag<>5,  Ac.— In  surveying,  the  in- 
strument is  to  be  adjusted  by  the  needle,  or  otherwise,  to 
answer  the  points  of  the  horizon  at  every  station ; the  div 
tance  from  hence  to  the  last  station  is  to  be  measured,  and 
an  anglo  is  to  be  taken  to  the  next  station ; which  process 
repealed  includes  the  chief  practice  of  surveying. — In 
levelling,  the  instrument  is  rectified,  or  placed  level  at 
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each  station,  and  oboerratioM  made  forwards  and  back- 
wards. • 

I’here  is  a meihod  of  measuring  distances  at  one  sta- 
tion, in  tiie  Philos.  Tians.  nuiub.  7»  by  means  of  a tele- 
scopic. (have  heard  of  another,  by  Mi.Rumsden;  and 
have  seen  other  ingenious  ways  by  Mr.  Green,  AC,  consist- 
ing of  a permaiK'iit  scale  ol  divisions,  placed  at  any  pidnt 
wb<»se  distance  is  rvquiretl ; tlum  the  numbi-r  ol  divtsiona 
seen  through  the  trivseope, givts  the  distance  sought. 

^ri'ATIoM -L<ae,  in  Surveying,  and  Ltnr  iStaSMa,  in 
PeTS|K'Ctive.  Sec  LiX'Sk  , 

S'i'Al'lON ARV,  in  Astronomy,  the  state  of  a plams 
when,  to  an  observer  on  (be  caiih,  it  appears  for  sonic  time 
to  stand  sliil,  or  rooHiin  tminovcaole  in  the  same  place  im 
the  hCAMfis.  For  a*  the  pdanets,  to  such  an  obMTvefV 
have  sowuriviTca  a progressive  motion,  and  sometimes  a 
Ti'trormde  one,  there  nruu  be  tome  point  between  the  two 
where  they  must  appear  stationary.  N<*w  a planet  will 
be  seen  stalionury,  when  the  lint*  that  joms  (lx;  cevitrrsctf 
the  earth  and  planet  it  constantly  directed  to  the  sanse 
point  in  (he  heavens,  which  is  when  it  kerps  paniMtl  Ui 
itself.  For  II U right  lines  drawn  from  any  point  of  ibe 
earth's  orbit,  parallel  oik*  another,  do  all  point  to  tlie 
samevlHr;  the  distance  ot  iheac  lines  being  mseiMable,  in 
comparison  of  that  of  the  finrd  stars. 

The  planet  Hervchel  is  seen  alarioiiary  at  the  distance 
of  104°  from  thrsun  ; Saturn  ataomewhat  more  tlian  90^  ; 
Jupiter  at  the  distance  of  52°;  and  Mors  at  a muchgMatisr 
distance;  Venus  at  47°,  and  Mercury  at  28°. 

Herscbel  is'  stationary  12  days,  ^lurn  8,  Jupiter  4, 
Mars  2,  Venus  1^,  and  Mercury  4 a day:  though  the 
several  stations  arc  not  always  equal ; because  the  orbits 
of  the  planets  arc  not  circles  which  have  the  sun  in  ibeir 
centre. 

STEAM,  the  vapour  arising  from  water,  or  any  other 
liquid  or  mo»i  body,  when  considerably  healed.  Sub- 
terranean steams  often  ofledt  (be  surface  of  the  earth  in:a 
remarkable  manner,  and  promote  or  prevent  vegetation 
more  than  any  thing  ehc.  It  has  been  imagined  that 
steams  may  be  the  generative  cause  of  both  minerals  and 
metals,  and  of  all  the  peculiarities  of  spriugs.  * See  Fbiloa. 
Trans,  ml.  5,  pa.  1 154.— Of  the  use  of  the  air  to  elevate 
lKe>tearns  of  bf>diea,sec  pa.  20+8au«l  2^7  il>* — Concern- 
ing (he  warm  and  fertilising  temperature  and  steams  of 
(he  earth,  sec  Philos.  Truns.  vol.  10,  pa.  307  and  357* 
See  also  Dr.  Hamilton  **  On  the  Ascent  of  Vapours.** 

The  steam  raised  from  hot  water  is  an  eiasiic  fluid, 
which,  like  air,  has  its  elasticity  proportional  to  its  density 
when  the  heat  is  the  same,  or  proportional  to  the  heat 
when  the  densityis  the  same.  The  steam  raised  with  the 
ordinary  beat  of  boiling  water,  is  nearly  3000  times  Tarrr 
than  water,  or  about  times  rarer  than  air,  having  It* 
elasticity  about  equal  to  that  of  the  common  air  of  the 
atmosphere.  And  by  great  beat  it  bos  been  found  that 
thesteam  may  be  expanded  into  14000  limes  the  s^acc  of 
water,  or  may  be  made  about  5 times  stronger  than  the 
atmosphere.  But  from  some  accidents  that  have  hap- 
pened, it  appears  that  st<%m,  suddenly  raised  from  water, 
or  moist  substances,  by  (he  immediate  application  of 
strong  heat,  is  vastly  stronger  than  the  atmosphere,  or 
even  than  gunpowder  itself.  We  have  an  instance  of  tkia 
in  what  happened  at  a fouiidery  of  caimon  at  Moorficlds, 
when  upon  the  hot  metal  first  running  into  the  mould  in 
the  earth,  some  small  quantity  of  water  in  the  bottom  of 
it  was  suddenly  ebang^  into  stean,  which  by  iu  oaplo- 
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sion,  blew  the  foundrry  to  atotnf.  I remember  aDOiber 
ftuch  accident  al  a loundcry  at  Newcastle;  the  founder 
having  purchau'd,  among  some  old  braas,  a hollow  brass 
ball  that  had  been  used  for  many  years  as  a valve  in  a 
pump,  withinside  of  which  it  seems  some  water  had  in* 
ftinuaied  itsrif;  and  having  put  it  into  his  fire  to  melt, 
when  it  bad  becofiie  very  hot,  it  suddeuiy  burst  with  a 
prodigkMU  noise, aad  blrw  the  adjacenrparLs  of  the  fur- 
nace in  pieces.  • 

'Fhe  r»0'*ervations  on  the  di%rcnt  degrees  of  tempera- 
ture acquired  by  water  in  boiling,  under  different  pressures 
of  the  utraosphere,  and  the  formation  of  the  vapour  from 
water  under  the  n*ceiver  of  an  air-pump,  when,  with  the 
common  temperatures,  the  pressure  H diminished  VO  a 
Cutlwia  degree,  have  tuught  us  that  the  exjMsnsivo  fctfcc  of 
va^iir  or  steam  is  different  in  the  difft-rem  Icmporatures, 
\nd  that  in  general  it  increase  s in  a variable  ratio  as  the 
tempemiure  is  raided. 

Gut  then-  was  wanting,  on  this  important  subject,  a se- 
ries of  exact  and  direct  expcnmrntv,  by  means  of  which, 
having  given  the  degn-e  of  trmptTMiun-  in  boiling  water, 
we  might  know  chevxpanaive  torce  id'  the  steam  rising 
from  It : and  vice  v>  raa.  Hiere  was  wantiiqt  alst»  an  ana- 
lytical thenn-ra,  expressing  the  relation  botwtM-u  the  tern- 
pi-ratute  of  boiling  water,  and  the  pressure  with  which  the 
force  <rf  its  steam  is  in  equilibrium.  ^I'hts  has  now  been 
accomplished  by  .M.  Betancourt,  an  ingenious  Spanish 
philosopher,  the  particulars  of  which  are  described  in  a 
memoir  communicated  totheFrmch  Academy  of  Sciences 
in  179^,  and  ordered  to  be  printed  in  their  collection  of 
the  Works  of  Strangers.  • 

The  apparatus  which  M.  Betancourt  makes  use  of,  is 
a copper  vessel  or  boiler,  with  its  cover  firinly*suldered 
on.  The  cover  has  three  holes,  which  close  up  with 
screws : the  first  is  to  put  the  water  in  and  out ; through 
the  second  pasK's  the  sti’in  of  a tiiermomcter,  which  has 
the  whole  of  its  scale  nr  graduations  above  the  vessel,  and 
its  ball  ivithin,  where  it  is  immersed  either  in  the  water  or 
the  steam  according  to  the  differcntcircumstancrs;  through 
the  third  hole  passeaa  tube  forming  a communication 
between  the  cavity  qi  the  boiler  and  one  branch  of  an  in- 
verted syphon,  which,  containing  mercury,  acts  as  a ba- 
rometer fur  measuring  the  pressure  of  the  elastic  vapour 
within  the  boiler.  'I  here  is  a fourth  hole,  in  the  side  of 
the  vessH,  into  which  is  inserted  a tube,  with  a tura-cock, 
making  a communication  with  the  receiver  of  an  air-pump, 
for  extracting  (he  air  from  the  boiler,  and  to  prevent  its’ 
return. 

The  apparatus  bring  prepared  in  good  order,  and  di* 
stilled  water  intrffduct^  into  the  b«iler,by  the  first  ihole, 
and  then  Mopped,  as  well  as  the  end  of  the  inverted  sy- 
phon or  barometer,  M.  Betancourt  surrtuinded  the  boiler 
with  ice,  to  lower  the  tempovature  of  the  water  to  the 
freezing  point,  and  then  extracting  ail  the  air  from  the 
boikr  by  moans  of  the  air-pump,  the  difference  between 
the  columns  of  mercury  in  the  two  branches  of  the  baro- 
meter is  ibe  measure  of  tbe  spring  of  (he  vapour  arising 
^om  the  water  in  that  tcropesatufc^  Then,  lighting  the 
fire  below  tiie  boiler,  he  raised  gpudually  the  tempciiature 
of  the  water  from  0 to  110  degrees  of  Reaumur's  thermo- 
meter ; being  the  sonse  as  from  52  to  212  degrees  of  Fah- 
renheit’s ; and  (or  enoh  degree  of  cievation  in  the  tCrnpera- 
ture,  be  observed  the  height  of  tbe  column  of  mercury 
which  measured  tbe  elasticity  or  pressure  of  the  vapour. 

Tbe  results  of  M*^BeUuiootirt's  experiments  are  con- 


taiiad  in  a table  of  four  columns,  which  are  but  little 
dilfcrciii,  according  to  tjic  different  quantities  of  water  in 
the  vessel,  it  i»  here  observable,  that  the  increase  in  the 
expansive  force  of  the  vapour,  is  ai  first  very  slow  ; but 
gr^ually  iocreaxing  faster  and  faster,  (ill  at  last  it  becomes’ 
very  rapid.  Thus,  the  stri-ngth  of  the  vapour,  at  50  dc- 
gri^,  is  only  equal  to  28  French  inches  of  mercury  ; but 
at  110  degrees  it  is  equal  to  no  less  than  98  inches,  ihat  is 
3 times  a half  more  for  the  increase  of  only  30  de- 
grees ot  beet. 

Toexpo-ks  analytically  the  relation  between  the  degrees 
of  temperature  of  the  vapour,  and  its  expamive  foicc, 
this  author  employs  a method  devised  by  M.  Prony; 
which  consists  in  conceiviug  the  heights  of  the  columns  of 
mercury,  measuring  the  expansive  force,  to  represent  the 
ordinates  of  a curve,  and  the  degrees  of  beat  as  the  ab- 
scisses of  the  same;  mahing  (be  ordinate*  equal  to  the 
sum  of  several  logarithmic  ones,  which  contain  iwoiode- 
(erminales,*  and  determining  those  quantmea  so  that  (ha 
curve  may  agree  with  a sufficient  number  ul'  observations 
taken  througliout  their  whole  extent.  *1  ben  constructing 
the  curve  which  results  immediately  from  the  experiments, 
and  that  given  by  (he  farrnula,  ihese  :two  curves  arc  found 
to  coincide  almost  perfectly  iugithor;  the  small  differ- 
ences being  doubtless  owing  to  the  little  irregularities  in 
the  experiments  and  in  dividing  tlic  scale;  so  that  the 
pbenuiiiena  may  be  considered  as  truly  represented  by  tbe 
formula. 

M.Bi-tancourt  made  also  experiments  with  the  vapour 
from  spirit  of  wine,  similar  to  those  made  with  water; 
constructing  the  curve,  and  giving  the  formula  proper  to 
tbe  same.  From  which  is  derived  this  remarkable  result, 
that,  for  any  one  and  the  same  degree  of  heat,  the  strength 
of  the  vapour  of  spirit  of  wine,  is  to  that  of  water,  always 
in  tbe  same  constant  ratio,  vts,  that  of  7 to  3 very  nearly  ; 
the  strength  of  the  former  being  always  times  the 
strength  of  tbe  latter,  with  the  same  degree  of  beat  in  tbe 
liquid. 

Of  the  Formuia,  or  Equation  to  the  Qnve. 

The  equation  to  the  curve  of  temperature  and  preosure, 
denoting  the  relation  between  the  abscisses  and  ordi- 
nates, or  between  the  temperature  of  the  vapour  and  its 
»tr«ngth,  i»,  for  water, 

.0  + <»  ,a  t'x  if  ^ i/ 

ysa  — 0 o o • 

Where  X denotes  the  abscUaoa  of  the  curve,  or  the  degrees 
of  Reaumur's  tlierroomett  r ; and  y the  corresponding  or- 
dinates, or  the  heights  of  tbe  column  of  mercury  in  Paris 
inches,  representing  the  strength  or  elasticity  of  the  vapour 
answering  to  the  number  x of  degrees  of  the  therrooraetcr. 
'Then,  by  comparing  this  formula  with  a proper  number 
of  the  experiments,  ;the  values  of  the.constast  quantities 
come  out  as  below  : 

h = 10* 

o = 0068831 

c = 0*019,438 

<*  » 0*0134.90 

e = - .4'6»976o 
^ S 0058622 
- 3*937600 
ti'*  = 0*049220 

Hence  it  is  evident  by  inipeciion,  that  the  terms  of  the 
equation  are  very  easy  to  calculate,  bor,  h being  the 
radix  or  root  of  the  eommdh  oyslem  of  lo^rilhms,  and 
nil  tbe  terms  eu  the  second  side  of  tbe  equation  being  the 
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powers  of  b,  these  tenns  arc  consequently  the  tabular  na- 
tuml  numbers  having  the  variable  exponents  for  their  lo- 
garithms. Now  as  X rises  only  to  Ihc  first  power,  ami  is 
jnultiplied  by  a constant  number,  and  another  constant 
nurol^r  being  added  to  the  product,  gi^'cs  the  variable 
exponent,  or  logarithm ; to  which  then  is  immediately 
found  the  eorresponding  natural  number  in  the  table  of 
logarithms. 

In  the  above  formula,  the  two  last  terms  may  be  en- 
tirefy  omitted,  as  very  small,  as  far  as  to  the  90lh*di*grcc 
of  the  thermometer;  and  even  above  that  temperature 
those  two  terms  make. but  a small  part  of  the  whole  for- 
mula. 

And  for  the  spirit  of  wine  the  formula  is 

* ,a  cr  f o'  r'x  ,t  -+•  <*x  . 

y 0 0 — 6 ■¥■  0 A. 

Where  x and^,  as  before,  denote  the  absciss  and  ordinate 
of  the  curve,  or  the  temperature  and  expansive  force  of 
rtie  vapour  from  the  spirit  of  wine;  also  the  values  of  the 
coastant  quantities  are  as  below  ; 

A = 10- 

0 3^  0 04853 

c =r  0*02393 

o'  = - 0’63414 


s V ! •: 

c'  = - 0-096532 
c = - 2’ 509542 
c"  ss  0-046473 
e r=  - 17*K>192 
c"  = 0-029448 

A ss  1M2647 
This  formula  of  i]ie  same  nature  as  the  former, 
having  also  the  like  ease  and  convenience  Of  calculation  ; 

and  perhaps  more  so  ; as  second  term  h having 

its  exponent  wholly  negative,  soon  diminishes  to  no  value, 
so  as  to  be  omitted  from  the  10th  degiec  of  temper- 
ature; aKo  the  ditference  between  the  lust  two  terms 
— V ^ 5****^*^"*^  may  be  omitted  till  the  70ih  de- 

gree, for  the  same  reason.  So  that,  to  the  JOih  degree  of 
temperature  the  theorem  isonlyy  = A*'*’^'*  •♦•A  *— ; 

ond  from  the  10th  to  the  70th  degree  it  is  barely  y s 

A*  ^ after  which,  for  the  last  15  or  20»legrces,  for 
great  accuracy,  (he  last  two  terms  may  be  taken  in. 

A compendium  of  the  table  of  the  experiments  here 
follows,  for  the  vapour  of  both  water  and  spirit  of  wiiu*, 
ibe  temperature  by  Reaumur^s  thermometer,  and  (he  ba- 
rometer in  French  inches. 


Tabu  of  tAc  Temperature  and  Strength  <f  the  Vapour  of  fo  oter  and  Spirit  qf  IFsiic,  by  JUaumur's  Thermometer 

and  French  lncke$. 


Z><g.  of 
Rnu.  IVr. 

Height  of  lb*  Beromewf  for 

Reau.  Th*f. 

Hci|;ht  of  th*  IWomrtrr  for 

Vtpour  of  Wtier. 

VaiKKir  of  Spirit 
cf  Wine. 

Vapour  of  Water. 

VaixKir  uf  Spirit 
of  Wine. 

• J 

00176 

0-0045 

.35 

2-1374 

5-0256 

2 . 

00346 

0-020R 

36 

2-28  te 

5-3741 

3 

00538 

’ 0-0478 

37 

2 4401 

56423 

4 

0-0747 

00837 

38 

2-6045 

6*1315 

5 

0-1038 

0 1279 

39 

2-7780 

6 5426 

d 

0-121 1 

0-1794 

40 

2-9711 

6-9770 

7 

0-1508 

02377 

41 

3 1544 

7-4360 

8 

01741 

0-5024 

42 

3-.158S 

7-921 1 

9 

0-2073 

0-3733 

43 

3-5735 

• 8-4336 

10 

02304 

0 4502 

44 

3-8005 

8-9751 

II 

02681 

0-5130 

45 

4-0399 

9'5476 

12 

03039 

0-6058 

46 

4-2922 

10-1516 

|3 

03419 

07040 

47 

4 5532 

107906 

1+ 

0*3877 

0-8077 

48 

4-8386 

1 1-4606  ■ 

IJ 

0-4258 

0-9172 

49 

5-1340 

12-1800 

la 

0-4778 

1-0330 

50 

5-4453 

12-9340 

17 

0-5208 

1-1553 

51 

5-7706 

JS730O 

IS 

0-3730 

1-2846 

52 

6-1194 

14-5720 

19 

0-6283 

1-4212 

53 

6-4834 

15-4610 

*0 

06872 

■ 1-5635 

54 

6-8667 

16-4000 

21 

07497 

1-7180 

55 

7-2798 

17-3930 

22 

0*8159 

1-8791 

-56 

7-6948 

18-4420 

23 

0-8863 

2-0494 

57  - 

8-1412 

19-5081 

24 

0 9610 

2-2293 

58 

8 6221 

20-6286 

25 

1-0402 

24194 

59 

9*1071 

21-6071 

26 

1-1239 

2-6202 

60 

9-6280 

230544 

27 

1-2127 

2-8325 

61 

• 10-1767 

24-3451 

28 

1-306S 

3-0588 

62 

10-7098 

25-6107 

29 

1-4065 

3-2937 

63 

11-3602 

27-1444 

30 

1-5019 

3-3441 

64 

11-9876 

28-6483 

3! 

I-6S33 

3-8087 

65 

12-6687 

30-2-262 

• 32 

17413  • 

4-0883 

06 

13-3743 

31-8795 

33 

1-8671 

4 3837 

67 

14-IICl 

33-61 14 

34 

1-9980 

4-8958 

68 

14-8956 

35-4258 
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M>  Betancourt  deduce*  several  useful  and  ingenious  con* 
sequenevs  and  applications  from  this  course  of  experifnents. 
He  shows,  for  instance,  that  the  eflcct  of  &t«im  engines 
must,  in  gcneial,  be  greater  in  winter  than  in  summer; 
owing  to  the  different  degr<*c*  of  tempcralore  in  the  water 
of  injection.  And  from  the  very. superior  strength  of  the 
vapour  of  spine  of  wine,  over  that  of  water^  he  argues 
♦ that,  by  trying  other  fluids,  some  may  found,  nut  «enr 
expensive,  whoM;  vapour  may  be  so  much  stronger  lli:ui 
that  of  water,  with  the  »anic  degree  of  heat,  that  it  may 
be  lUbstilulcd  instead  of  water  in  the  boilers  of  sieam-eu* 
gines,  to  the  gr<;sil  saving  in  the  very  heavy  expence  i>(  fuel : 
nay,  he  even  dedan*^,  that  spirit  of  wine  iuelf  might  thus 
be  employed  in  a machine  of  a particular  construction, 
which,  with  the  sainct  quantity  of  fuel,  and  without  any 
increase  of  expence  in  other  things,  shall  produce  an  ed'ect 
greatly  sup4>nor  to  what  is  obtained  from  the  sU'am  of  water. 
He  makes  M'veral  other  observations  on  the  working  and  im- 
provement of  steam-engine*. 

Another  use  of  these  expeiimcnis,  deduced  by  M.  Be- 
tancourt, is,  CO  measure  the  height  of  mountains,  by  means 
of  a therinomelcr,  immersed  in  boiling  water,  which  he 
thinks  may  be  done  with  a precision  equal,  if  not  superior, 
to  that  of  the  barometer.  As  soon  as  1 hud  obtained  exact 
rasults  of  my  experiments,  says  he,  and  was  convinced 
that  the  dggree  of  beat  received  by  water  depends  abso- 
lutely on  the  pressure  upon  its  surface,  1 endeavoured  to 
compare  nfy  observations  with  such  as  have  been  made  on 
mountains  of  different  heights,  to  know  what  is  the  degree 
of  beat  which  water  can  receive  when  the  barometer  stands 
at  a diVrmmate  height;  but  from  so  few  observations 
having  been  made  of  this  kind,  and  the  different  ways  em- 
ployed ill  graduating  instruments,  it  is  difHcuU  to  draw 
any  certain  consequences  from  them. 

The  first  ubservatidn  which  M.  BeUncoitrt  compared 
with  his  experiments,  is  one  mentioned  in  the  Memoirs  of 
the  Academy  ofSciences,  anno  1740,  pagc92.  It  is  there 
said,  that  M.  Mofinicr  having  made  water  boil  upon  the 
mountain  of  Canigou,  where  the  barometer  stdod  at  20*  IS 


inches,  the  thermometer  immeraed  in  this  water  stood  at 
a point  answering  to  71  degrees  of  Kcaumur:  whereas  in 
M.  Betancourts  table  uf  experiments,  at  an  equal  pressure 
upon  the  surface  of  the  water,  the  tberraoinctcr  stood  at 
73'7  degrees.  This  diffiTcnce  he  thinks  is  owing  partly 
to  the  want  of  precision  in  the  ubvcrvation,  and  partly  to 
the  cliffrretit  method  uf  graduating  the  iheriiioiDcicr,  and 
the  neglect  uf  purging  tbe  barometer  lube  of  air. 

M.  Betancourt  next  compared  his  experiments  with 
some  olnorvations  made  by  M.  Deluc  on  the  tops  of  several 
mountains ; in  which,  after  reducing  the  scales  uf  this  gen- 
tleman to  the  same  measures  as  his  own,  he  finds  a very 
great  di*grec  of  coincidence  between  them.  I'he  follow- 
ing tabic  contains  a specimen  of  these  comparisons,  the 
instances  being  taken  at  random  frorn  Delu^s  treatisa  on 
the  Modifications  of  the  Atinospheie. 


Degrees  of  Hesi  in  Ihiilmg  Water  upon  tlw  Tops 
of  MouatiibB,  olMenred  by  peine. 

Best  of  the 
Water 

Plares  of 
Obsenmtiun. 

desaoT 
ifte  sir. 

HeijilM  of 
ihe  Bar. 

Heat  of  like 
Water  by  Th 

rcHirt'a 

Es  peri  menu . 

Bcaucaire  - - 

lO 

28-248 

KO-37 

80-29 

Geneva  • - - • 

ij| 

27O30' 

7933 

7933 

Grange  Town 

i6i 

24-510 

7711 

77 -*2 

Lans  le  Bourg 

24-145 

77-18 

77-14 

Grange  le  F. 

15 

24-089 

76-76 

77-09 

Greiiairon  • - 

I0{ 

20-427 

73-S6 

73-89 

Glacieredc  B. 

6i 

19677 

7*-i6 

73  24 

Where  it  is  remarkable,  that  the  diffeiVnea  between  tbe 
two  is  uf  no  consequence  in  such  matters.* 

Many  other  advantages  might  be  deduced  from  tbe 
exact  knowledge  of  the  effect  which  the  pressure  of  the 
atmospliere  has  upon  the  heat  which  water  can  receive: 
one  of  which,  M.  Ikiancourt  observes,  is  of  too  great  im- 
portance in  physics  not  to  be  mentioned.  As  soon  as 
the  ihcrmomeicr  became  known  to  philoaopbcrs,  almost  * 
every  one  endeavoured  to  find  out  two  fixed  points  to 
direct  them  in  dividiug  ihc  scale  of  il^c  instrument ; bav- 
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ing  found  thftt  those  of  the  frceting  end  boiling  of  water 
wen*  nearly  constant  in  diltorcnt  places,  they  gave  these 
the  preierencc  over  all  other*:  but  having  discovered 
that  watvr  is  capable  of  receiving  a greater  or  leas  quan- 
tity of  heat,  according  to  the  preasure  of  the  atmosphere 
upon  its  aurUce,  they  felt  the  ucceasity  of  haing  a certain 
constant  value  to  that  pressure,  which  it  was  almo»t  gc- 
ncnilly  attreed  should  he*  equal  to  a column  of  28  French 
inches  of  mercury.  This  agreement  however  did  not  re- 
move all  the  difficultii-s.  Fur.iiisUhice,  if  it  wen;  required 
to  construct  at  Madrid  a thermometer  that  might  be  com- 
parable with  another  made  ui  Paris,  the  thing  would  be 
found  impossible  by  the  means  hitherto  known,  because 
the  baroinclcr  never  rises  so  high  as^J7  inches  at  Madrid; 
and  it  was  not  certainly  known  how  much  the  scale  of 
the  ihermomcliT  ought  to  be  increased  to  have  the  point 
of  boiling  water  in  a place  where  the  barometer  is  at  28 
inches.  Blit  by  making  use  of  the  foregoing  observations, 
the  thing  appears  very  easy, and  it  is  to  be  hoped  that  by  the 
general  knowledge  of  them,  thermometers  may  be  brought 
to  great  perfection,  ihc  accurate  use  of  which  is*  of  the 
greatest  importance  in  physics. 

Bi-sidcs,  without  being  confined  to  the  height  of  the 
barometer  m the  open^ir,  in  a given  pUce,  wr  may  regu- 
late a thennotnelrr  according  to  any  one  assigned  Ix-flt  of 
water,  by  means  of  such  an  apparatus  as  M Betancourt's. 
For,  in  order  to  graduate  a thermometer,  having  a baro- 
meter ready  divided ; it  is  evident  that  by  knowing,  from 
the  fon*going  table  of  experiments,  the  degree  of  heat 
answering  to  any  one  expansive  force,  we  can  tbence  as- 
sign the  degree  of  the  thermometer  corresponding  to  a 
certain  height  of  the  barometer.  A determination  ad- 
mittiiig  of  great  precision,  especially  in  the  higher  tem- 
peratures, where  the  motion  of  the  barometer  is  so  con- 
siderable in  respect  to  that  of  the  baromi'lcr.  * 

Stxam  £>qtfive,  an  engine  onginaliy  invented  for  ratling 
water  by  means  of  the  expansive  force  of  the  steam,  or 
vapour,  produced  from  water  or  other  liquids  in  a state 
of  ebullition.  This  has  been  often  called  the  fire-engine, 
because  of  the  fire  used  in  boiling  the  liquid:  but  the 
iaKer  term  has  of  (ate  been  properly  confined  to  machines 
for  extinguishing  firea.  Tbe  straro-engiue  is  justly  esteem- 
ed one  of  the  most  curious,  important,  and  serviceable, 
mechanical  inventions,  not  only  of  modern,  but  of  any 
times;  particularly  whon  it  is  considered  with  regard  to 
some  of  Its  late  improve  ments,  whfch  render  it  applica- 
ble to  lilt  kinds  of  mill-work,  to  plaining,  sawing,  boring, 
and  roUmg  machim**,  and  indeed  lu  almost  every  pur- 
pose* that  requires  a powerful  first  mover,  the  energy  of 
which  muy  U*  nutdificd  at  tbe  pleasure  of  the  mecbunist. 

The  steam-engine  for  raising  water  is  commonly  a for- 
cing pump,  having  its  rod  fixed  to  one  end  of  a lever, 
which  is  worked  by  tin.'  weight  or  piessure  of  the  atmo- 
sphere upon  a pistun,  at  the  other  end,  a temporary  va- 
cuum being  niMde  bidow  it,  by  suddenly  condensing  the 
steam,  that  had  hcen  let  into  the  cylinder  in  which  this 
pislKii  works,  hy  a jet  of  cold  water  thrown  into  it.  A 
partial  vacuum  being  thus  made,  the  weight  of  the  atmo- 
sphere pmses  down  the  piston,  and  raises  the  other  end 
of  the  straight  lever  with  the  water  frum^  the  well  Ac. 
Then  immediately  a hole  U uncovered  in  tbe  bottom  of 
the  cylinder,  by  which  a Iresh  *«p|ily  of  bot  steam  rushes 
in  from  a boiler  of  water  below  u,  which  proves  a coun- 
terbalance for  the  atmosphere  above  tht*  piston,  on  which 
tha  weight  of  tbg  pamp  rods  at  tbe  other  end  of  tbe 


lever  carries  that  end  down,  and  raises  the  piston  of  the 
steam  cylinder.  Immediately  the  steam  bole  is  shut,  and 
the  cock  opened  for  injecting  the  cold  water  into  the  cy- 
linder of  stc*am,  which  condenses  it  to  water  again,  and 
thus  making  another  vacuum  below  the  piston,  the  atmo- 
sphere above  it  presses  it  down,  and  raistrs  the  pump-rods 
with  another  lift  of  water;  and  so  on  continually.  This 
is  the  common  principle : but  there  are  also  other  modes 
of  applying  (he  force  of  the  steam,  as  we  shall  sec  in 
the  following  short  history  of  this  invention  and  its  vari- 
ous improvements. 

l*hc  earliest  account  to  be  met  with  of  tbe  invention  of 
this  engine,  is  in  the  marquis  of  Worcester**  small  book 
emi(U*d  a Century  of  Inventions  (being  a di-scription  of 
100  notable  discovems),  published  i/i  tbe  year  I6d3, 
where  he  proposed  the  raising  of  great  q*4autities  of  water 
by  the  force  of  steam,  raised  from  water  by  means  of 
fipL* ; .and  he  mentions  an  engine  of  that  kind,  of  his  own 
Contrivance,  which  could  raise  a continual  strc’Hin  like  a 
ruuoiam40  feet  high,  by  means  o4  two  cocks  which  were 
alternately  and  successively  turned  by  a man  to  admit  the 
steam,  and  to  re-fi|l  (he  vessel  with  cold  water,  (he  tire 
being  cuniinually  kept  up. 

Sir  bamuel  Morland  also  wrote  a book  on  this  engine; 
ill  which  he  not  only  showed  tbe  practicability  of  tbe 
plan,  but  went  to  fur  as  to  calculate  the  power  of  dift> 
reot  cylindeix.  This  book  is  now  extant  in  manuscript, 
in  the  Harlcian  collection,  in  the  British  Museum,  tba 
description  of  which  is  found  in  the  improved  Harlnaa 
catalogue,  vol.  iii,  niim.  5771  , and  it  is  also  pointed  out 
in  the  preface  to  that  volume,  sect.  22.  Morland  dates 
his  invention  in  1682,  being  17  years  prior  to  Savery's 
patent  mentioned  below.  It  was  presciited  to  the  I rench 
king  in  1$6S,  at  which  time  exprrimeius  were  actually  • 
shown  at  St.  <«ermain's.  As  Morland  held  places  under 
king  Charles  the  2nd,  it  is  natural  to  conclude  that  be 
would  not  have  gone  over  to  France,  to  ofti-r  the  invention 
to  Louis  14ih,  had  he  not  found  it  slighted  at  home.  It 
seems  to  have  remained  obscure  in  both  countries  till 
169P,  when  Savery,  who  probably  knew  more  of  Mor- 
land's  inveetson  than  he  owned,  obusined  a patent;  and 
in  (he  very  tame  year,  M.  Amontons  proposed  something 
similar  to  tbe  French  Academy  wemingly  as  bis  own. 

This  invention  then  tvot  mreiing  with  encouragement, 
probably  owing  to  the  confused  state  of  public  aflairs  at 
that  time,  it  was  neglected,  and  lay  doriaant  several  years, 
uniii  one  Captain  'Iliumas  Savery,  having  read  the  mar- 
quis of  Worcester's  btxiks,  several  years  afterwards,  iried 
many  experiments  on  (he  force  and  power  of  steam  ; and 
at  last  hit  upon  a method  of  applying  it  to  raise  water. 
He  then  Imugbt  up  and  destroyed  all  the  marquis's  books 
that  could  be  got,  and  claiau*d  the  honour  of  the  inven- 
tion to  himself,  and  obtained  a patent  lor  it,  pretei.ding 
(hat  he  had  discovered  (his  secret  of  nature  by  accident. 
He  crmliivM  an  engine  which,  after  many  experiments, 
he  brought  to  tome  degree  of  uscfulaess,  so  as  to  raise 
water  in  tmall  quantities;  but  he  could  not  succeed  in 
raising  it  to  any  great  height,  or  in  large  quantities,  for 
the  draining  of  niines  ; to  effect  which  by  his  method,  the 
steam  was  required  to  be  so  strong  as  would  have  burst 
all  his  vessels;  s«i  that  he  was  {»l>llged  to  limit  himst'lf  to 
raising  the  water  only  to  a sm^U  beighr,  or  in  small  quan- 
tities. The.  largest  engines  be  eivctrd,  was  for  ti»c  Vurk- 
buildiags  Company  in  London,  for  supplying  the  inhabit- 
aots  in  tbtf  Strand  and  that  ueigbbtMirhuiod  with  water. 
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The  principle  ofthiftmiiciiinewM  as  folloH-t:  ii  (fig.  3, 
pi.  33)  ft-pre»eiiU  a copper  boiler  placed  on  a iuriiace ; 
E is  a strong  iron  vessel,  communicating  with  the  boiler 
by  means  of  a pipe  at  top,  and  with  the  main  pipe  am 
by  means  of  a pipe  i at  bottom;  am  is  the  main  pipe 
immersed  in  the  water  at  a ; oaud  c are  two  fixed  valves, 
bo\h  opening  upwards,  one  being  placed  .above,  and  the 
other  below  the  pipe  of  communication  i.  Lastly,  at  o 
is  a cock  that  serves  occasionally  to  wet  and  cool  tho 
vesel  E,  by  water  from  the  main  pipe,  and  f is  a cock 
in  the  pipe  ot  communication  between  the  vessel  b and 
tbe  boiler. 

The  engine  is  set  to  work,  by  6tling  the  copper  in  part 
with  water,  and  aUo  the  upper  part  of  the  main  pipe 
above  the  valve  c,  the  fire  in  the  furnace  bcir^  lighted  at 
tbe  same  time.  When  the  water  boils  strongly,  ilic  cock 
p is  opened,  the  steam  rushes  into  the  vesaeT  a,  and  ex* 
pels  the  air  from  iheucc  through  the  valve  c.  Tho  vessel 
e thus  Bllc'd,  and  viulenlly  heated  by  tbe  steam,  is  sud* 
dcnly  cooled  by  the  water  which  falls  upon  it  by  turning 
the  cock  c ; the  cock  p being  at  the  same  time  shut,  to 
prevent  any  fresh  accession  of  steam  from  the  boiler, 
iience,  the  steam  in  x becoming  condensed,  it  leaves  ibo 
cavity  within  nearly  a vacuum : and  therefore  the  pres* 
sure  of  the  atmosphere  at  B forces  the  water  through  the 
valve  j>  till  tho  vessel  e is  netirly  Ailed.  The  condensing 
Cock  o ia  then  shut,  and  the  steam  cock  r again  opened  ; 
hence  the  steam,  rushing  into  e,  expels  Uie  water  through 
the  valwT  c,  as  it  before  did  the  air.  Thus  b becoroca 
again  filled  with  hot  steam,  which  is  again  cooled  and 
poodensed  by  tho  water  from  o,  the  supply  of  steam  be* 
ing  cut  off  by  shutting  p,  as  in  the  former  operation : the 
water  consequently  rusliea  through  o,  by  the  pressure  of 
the  atmosphere  at  B,  and  E is  again  filled.  This  water  is 
forced  up  (be  main  pipe  through  c,  by  opening  V and 
•hulling  o,  as  before.  And  thus  it  i»  easy  to  conceive, 
that  by  the  alternate  operaiion  of  opening  and  shutting 
tbe  cocks,  water  will  be  coolioually  raised,  as  lung  as  the 
boiler  continues  to  supply  the  steam. 

For  tbe  sake  of  perspicuity,  the  drawing  is  divested 
of  the  apparatus  that  K*rves  to  turn  the  two  cocks  at 
once,  and  of  the  contrivances  fur  tilling  the  copper  to  the 
proper  quantity.  But  it  may  be  found  conpK  tc,  with  a 
full  account  of  its  uses  and  application,  in  Mr.  bavery's 
book  intituled  the  Miner’s  Friend,  and  in  Ur.  Gregory’s 
Mechinics,  vol.  2.  The  engines  of  this  construction  were 
usually  made  to  work  with  two  receivers  or  steam  vessels, 
^ne  to  receive  the  steam,  while  (he  other  was  raising  water 
by  the  condensation.  This  engine  has  been  since  im* 
proved,  by  admitting  the  end  of  the  condensing  pipe  o 
into  the  vesscliB,  by  which  means  the  steam  is  mure  siid* 
dcnly  and  effectually  condensed  than  by  water  on  the  out- 
side of  the  vessel. 

The  advunlagrs  of  this  engine  are,  that  it  may  be  erect- 
ed in  almost  any  situation,  tUai  it  requires  but  little  rumn, 
and  is  subject  to  very  little  friction  in  its  parts. — fit  dis- 
a<lvaniages  are,  that  gtv‘ai  part  of  (he  steam  is  condensed 
and  loses  its  force  upon  coming  into  contact  with  the 
water  in  the  vessel  e,  and  that  the  heat  and  elasticity  of 
the  steam  must  be  increuKd  in  proportion  to  the  height 
that  the  water  is  required  to  be  raised  to.  On  both  these 
accounts  a large  fire  is  required,  and  the  copper  mqst  be 
very  strong,  when  the  height  ia  considerable,  otherwise 
tbm*  in  danger  of  Its  bursting. 

While  captain  Savery  was  employed  in  perfecting  his 
Vol.  II.  < 


engine,  Dr.  Papin  of  Marburg  was  contrixing  oho  on  the 
same  princi[ikw,  which  he  dc!>c*rit>cs  in  a small  book  pub- 
lished in  \707,  iatitled  Ars  Nova  ad  Aquum  Ignis  adnmii* 
culo  efficacUsime  elevurKiam.  Cuptam  Saury’s  engine 
however  was  much  mure  complete  than  that  prupused  by 
Dr.  Papin. 

About  (he  tame  time  also  Mans,  .\montons  of  Paris 
was  engaged  in  the  same  pursuit ; iiut  his  method  of  ap- 
plying (he  force  of  >ieam  «as  ditreunt  from  thoM.'  bi'ftur- 
mi'Otioned  ; lor  he  intended  it  to  dnve  or  turn  a wliet  I, 
which  he  called  a fire-mill,  that  was  to  work  pumps  f/r 
raising  water;  but  be  never  brought  it  to  perfection. 
Each  of  these  three  gentlemen  claimed  the  i>riginaljty.of 
thr  luvcntifm ; but  it  is  most  probable  iluy  all  tuiik  tbo 
hint  iW.m  the  book  published  by  (be  inurquit  of  VYqfc<.»* 
tvr,  as  beiore-incniioived. 

In  this  irajM'ricct  &ute  it  continued,  withtMit  further  im- 
provements, itU  the  year  1703,  wlien  Mr.  Newcomen,  mi 
ironmonger,  and  M r.  JohnCeudley.a  glaaier,  both  of  Dart- 
mouth,  contrived  another  way  to  raise  water  by  steam, 
bringing  the  engine  to  work  with  a beam  ■nd'U^hh,  and 
where  the  steam,  even  at  the  greati'St  depths  is 

not  required  to  be  greater  than  the  pn*s^ure  of  the  atmo- 
sphere: and  (his  structure  of  the  engine  is.  that  which 
bas  since  been  chiefly  used.  These  gentlemen  ob(aiiic’4  a 
patent  for  tho  sole  use  of  this  invention,  fur  H yt^ars. 
The  first  proposal  they  made  for  draining  of  mines  by  this 
engine,  was  in  the  year  171 1 » hut  they  were  very  coldly 
received  by  many  persons  in  (he  sooth  of  England,  whu 
did  not  uuderstand  tbe  nature  of  it.  In  1712  they  came 
to  an  agreement  with  the  owners  of  a colliery  at  Griff'  in 
Warwickshire,  where  ihoy  creeled  an  engine  with  a cylin- 
der of  2^2  inches  diamcaT.  At  first  they  were  under  great 
difficullii's  in  many  things;  but  by  liicaMtstatvceof  somo 
good  workmen  they  got  all  the  pans  put  together  in  such 
a manner,  as  lu  answer  llicir  Jiitentton  tolerably  well : 
and  (bis  was  the  first  engine  of  the  kind  erected  in  Eng- 
land. 'Fbere  was  at  first  onr  man  to  attend  tbe  steam- 
cock,  and  another  to  atiemi  the  injection-cock  : but  they 
afterwards  contrived  a melUod  of  opening  and  shutting 
them  by  Mime  small  machinery  connected  with  (he 
working  beam.  The  next  engine  erected  by  these  pa- 
tentees, w-a^  at  a colliery  in  the  county  of  Durham,  about 
the  year  1718,  wlioru  was  concerned,  as  an  agent,  Mr. 
Henry  Ueighion,  r.  a.  9.  and  conductor  of  tbe  Ladies* 
Diary  from  (he  year  1714  to  the  1744:  (his  gentleman, 
not  approving  of  the  intricate  manner  of  opening  and 
shutting  tbe  cocks  by  strings  and, catches,  is  in  (be  former 
engine,  substituted  the  hanging-beam  fur  that  purpose  as 
at  prvteot  used,  aii^  likewise  made  improvements  in  the 
pipaa,  valves,  and  some  other  |>arts  of  tbe  engine. 

to  a few  years  afterwsrdi,  these  engines  became  better 
understood  than  they  had  bicn  ; and  lluir  advantages, 
especially  in  draining  of  niinev,  became  more  apparent: 
and  from  the  great  number  of  them  erected,  they  received 
additional  improvements  flom  difl'erciit  p<‘rson»,  till  they 
arrived  at  their  pri’sent  degree  of  perfiction:  as  will  ap- 
pear* in  the  sequel,  after  vve  have  u liulc  considered  the 
general  prihcipK'v>d'  (his  engine,  which  aie  us  bdluw. 

Principles  of  the  Simm  hn;fine.  • * 

The  principles  on  wiiirb  this  engine  aciv,  arc  truly  phi- 
losophical; and  when  all  the  parta  of  the  machine  arc 
pro|K>rtioned  to  each  other  according  to  ibm*  piinci[;lcs, 
it  never  fail»  to  answer  (tie  intt’iilion  of  the  eii^jincer. 

1.  it  Las  been  proved  in  pncumahcs,  that  the  pressuro 
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of  the  atmoaphert  on  a square  ledi  at  the  earth's  surface, 
is  about  I4|lb  uvoirdtippit  at  a usediuin,  ur  ll^lb  on  a 
circular  inch,  that  itoo  acircleofao  inch  diameter.  And, 

2.  If  a vacuum  be  made  by  any  means  in  n cylinder, 
which  has  a moveable  piston  taspended  at  one  end  of  a 
lever  equally  divided,  the  air  will  andcavour  to  nn»h  in, 
and  will  press  down  the  piston,  with  a iurce  proportionate 
to  the  area  of  the  surface,  and  will  ratse  an  equal  weight 
at  the  other  end  of  the  lever. 

3.  Water  may  be  rarefWd  qcar  140(X)  times  by  being 
e^pa^drd  tnlo  steam,  und  violently  heated  : the  particles 
nf  it  arc  so  strongly  repellent,  as  tu  drive  away  air  of  the 
coniiqon  density,  only  by  a heat  sufficient  to  k(x>p  the  wa- 
ter m a boiling  state,  when  the  steam  is  almost  3000  limes 
nmr  than  water,  or  limes  rarer  than  air,  a.s  appears  by 
ao  experiment  of  Mr,  Ucighton’a  : by  increasing  the  heat, 
the  steam  nsay  be  rendered  much  stronger ; but  this  re- 
quires great  strength  in  the  vessels.  Tbit  steam  may  be 
again  condensed  into  its  former  state  by  a jet  of  cold  wa- 
ter dispersed  through  it;  so  that  14000  cubic  inches  of 
steam  admitted  into  a cylinder,  may  be  reduced  into  the 
space  of  nnn  cubic  inch  of  water  only,  by  which  means  a 
partial  vacuum  is  obtaiued. 

4.  Though  the  pressure  of  the  atmosphere  be  about 
144  pounds  upon  every  square  inch,  or  114  pounds  upon 
a circular  inch ; yet,  on  account  of  the  friction  of  the  se- 
veral parts,  the  resistance  from  some  air  which  is  unavoid- 
ably admitted  with  the  jc<  of  cold  water,  and  from  some 
remainder  of  steam  in  the  cylinder,  the  vacuum  is  very 
imperfect,  and  the  piston  docs  not  descend  with  a force 
exceeding  8 or  9 pounds  upon,  every  square  inch  of  its 
surface. 

5.  The  gallon  of  water  of  882  cubic  jnches  weighs  lOf 
pounds  avoirdupois,  or  a cubic  foot  62{  pounds,  or 
1000  ounces,  llie  piston  being  pressed  by  the  atmosphere 
with  a force  proportional  to  its  area  in  inches,  multiplied 
by  about  8 or  9 pounds,  depresses  that  end  of  the  lever, 
and  raises  a column  of  water  in  the  pumps  of  equal  weight 
at  the  other  end,  by  means  of  the  pump-rods  suspended 
to  iL  When  the  steam  it  again  admitted,  the  pump-rods 
sink  by  their  superior  weight,  and  the  piston  rites ; and 
when  that  steam  is  condensed,  the  piston  descends,  and 
the  pump-rods  lift ; and  so  on  alternately  as  long  as  the 
piston  works. 

It  has  been  observed  above,*  that  the  piston  does  not  de- 
scend with  a force  exceeding  8 or  9 pounds  on  every 
square  inch  of  its  surface;  but  by  reason  of  accidental 
frictions,  and  ailterationi  in  the  density  of  the  air,  it  will 
be  safest,  in  calculating  the  power  of  t^e  cylinder,  to  allow 
something  less  than  8 pounds  for  the  pressure  of  the  at- 
sphere  upon  every  square  inch,  viz,  71b.  10  ox.  =3  7’64lb, 
ar  just  61b.  upon  every  circular  inch;  and  it  being  allowed 
that  the  gallon  of  water,  of  282  cubic  inches,  weighs  10|lb, 
£rora  these  premises  the  dimensions  of  the  cylinder, pumps, 
&c,  for  any  steam-^ngioe,  may  be  deduced  as  follows 
Suppose 

r =r  the  cylinder's  diameter  in  inches, 

p = the  pomp’s  ditto, 

y = the  depth  of  the  pit  in  fathoms,* 

g a gallons  drawn  by  a stroke  of  6 leet  or  a falhoin, 

k s the  hogsheads  drawn  per  hour, 

s s the  number  of  strokes  per  miuuUr. 


Then  c*  is  the  area  of  the  cylinder  in  circular  inches, 
therefore  6c*  is  the  power  of  the  cylinder  in  pounds. 

And  ^ 7»  ij  =3  the  gallons  cuiitained 

in  one  fatliom  ur  72  inches  of  any  pump  ; which  multi- 
plied  by  /fathoms,  giv«  4p/  for  the  gallons  contained  in 
/fulboinsof  auy  pump  whose  diameter  is  p.  Hence  -fp*/ 
* lO^-ib.  gives  2p*/  nearly,  for  the  weight  in  poumU  of 
the  columu  of  water  which  is  to  be  equal  tu  the  power  of 
the  cylinder,  which  was  before  found  equal  to  6c**  Hence 
then  we  have  the  2d  equatino,  viz,  6c'  = 2/>*/,  or  3^  » 
pY;  the  hrst  equation  being  |p*  ss:  gj  orp*  =s  From 
which  two  equations,  any  particular  circumstance  may 
be  determined. 

Or  if,  instead  of  6lb,  for  the  pressure  of  the  air’on  each 
circular  inch  of  the  cylinder,  that  force  be  supposed  any 
number  as  a pounds ; then  will  the  power  of  the  cylindi  r 
be  ac^f  and  the  2d  equation  becomes. ac’'  =s  2;>*/  = jQ/g, 
by  substituting  3g  instead  ofp*. 

And  farther,  63/i  or  Qlh  = 20gr. 

From  a comparison  of  these  equations,  the  following 
theorems  arc  derived,  which  will  determine  the  size  of  the 
cylinder  and  pumps  of  any  steam-engine  capable  of  draw- 
ing a certain  quantity  of  water  from  any  assigned  depth, 
with  the  pressure  of  the  atmosphere  on  each  circular  inch 
of  the  cylinder’s  area. 

These  theorems  are  more  parliculafly  adapted  to  one 
pump  in  tt  pit.  But  it  often  happens  in  practice,  that  an 
engine  has  to  draw  several  pumps  of  different  diameters 
from  different  depths;  and  in  this  case,  the  square  of  the 
diameter  of  each  pump  must  be  multiplied  by  its  depth, 
and  double  the  sum  of  all  the  products  will  be  the  weight 
of  water  drawn  at  each  stroke,  which  is  to  be  used  instead 
of  Qp*f  for  the  power  of  the  cylinder. 

The  following  is  a table,  calculated  from  the  foregoing 
theorems,  of  the  powers  of  cylinders  from  30  to  70  inches 
diameter ; and  the  diameters  and  lengths  of  pumps  which 
those  cylinders  are  capable  of  working,  from  a 6'  inch  bore 
to  that  of  20  inches,  together  with  the  quantity  of  water 
drawn  per  stroke  and  per  boar,  allowing  the  engine  to 
make  12  strokes  of  6 feet  per  minute,  aud  the  pressure  of 
the  atmosphere  at  the  rate  of  7lh  lOoz  per  square  inch, 
or  6 lb  per  circular  inch.  • * 

i4TsBLX  TitEoaEMS  /or  the  readier  computing  the 
Poxoert  qf  a Steam-Engins. 
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Table  of  the  Pqukt  and  y STr.A¥>£KOtK£%  allouin^  12  mroket^  Retlmgeoch^  per 
Minute^  and  the  Pieuurt  the  Air  7 lb  lOoe  per  Sifuure  Iiteht  or  6fb  per  Cirenlor  lach.  • 
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Lt'l  Us  DOW  (Icscnbc  the  several  parts  uf  aa  cu^iiic,  aod 
^xt'inplrfy  the  application  of  the  foregoing  principles,  in 
the  conitructioo  of  otic  of  tbe  compictesl  of  the  modern 
engim^.  Sec  fig.  4.  pi.  53. 

A ri'presents  the  6re*pUce  under  iKe  boiler,  for  the  boil- 
ing of  the  wBiea,  and  the  ash*bt>le  below  iu 

B,  tbe  boiler,  filled  with  waRr  about  3 feet  above  the 
boUoni,  made  of  iron  plates. 

c,  the  steam  pipe,  lhn*ugb  which  the  stearo  passes  from 
the  boiler  into  the  receiver. 

D,  the  receiver,  a close  iron  vessel,  in  .which  U there- 
gulatnr  or  steam-cock,  which  opens  and  shuts  the  bole  of 
cominunication  at  each  stn»ke. 

B,  the*  communication  pipe  between  the  receiver  and 
the  cylinder;  it  rises  5 or  6 inches  up,  in  the  inside  oftiie 
cylind^i  bottom,  ti»  prevent  the  injected  water  from  de- 
Kcndiug  into  the  receiver. 


r,  the  cylinder,  of  cast  iron,  about  10  feet  long,  bored 
soiootli  in  ihc  inside;  it  bos  a broad  flanch  in  tbe  middle 
on  the  outside,  by  which  it  is  supported  when  hung  in  the 
cylinder-beams. 

o,  the  piston,  made  to  fit  the  cylinder  exactly:  it  hat 
a fianeb  rising  4 or  5 inches  upon  its  upper  surface,  bo- 
tttcen  which  and  the  side  of  the  cylinders  quantity  ot  Junk 
or  oakum  is  stuffed,  and  kept  down  by  weights,  to  prevent 
tbe  entrance  of  air  or  water  and  the  escaping  of  steam. 

H,  the  chain  and  piston  thank,  by  which  it  is  connected 
to  the  working  beam..  * 

1 I,  the  working  beam  or  lever : it  is  'made  of  two  nr 
more  large  logs  of  timber,  bent  together  ai  each  end,  and 
kept  at  the  distance  of  8 or  9 inches  from  each  othe  r in 
the  middle  by  the  gudgv^u,  as  repn^senird  in  the  Plate. 
The  arch  heads,  II,  at  the  ends,  are  for  giving  u perpendi- 
cular direction  to  the  chains  of  the  piston  and  pump-rods. 
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K,  the  pump*ro(i  which  w orks  in  the  sucking  pump. 

Li  and  dr.iw»  the  watt'r  (rum  Uic  botiuiii  of  the  pit  to 
the  surfece. 

ai,  tt  cistern,  into  which  the  water  drawn  out  of  the  pit 
is  cotiducicd  by  a trough,  so  u»  lo  ku‘p  it  always  lull: 
and  the  superfluous  uuirris  carried  « ill  by  another  trough. 

N,  the  jack-head  purnp^  which  is  a suckuig-pump 
wrought  by  a small  Icur  or  working-bi'am,  by  means  of 
p chain  connected  to  the  great  beam  or  lever  near  the  arch 
« at  the  inner  end,  and  the  pump-rod  ut  the  outer  end. 
I'his  pump  eotmnonly  stands  near  the  corner  of  the  front 
of  the  lumse,  und  raises  the  coluina  of  woier  up  to  the 
cistern  ii,  into  which  it  is  conducted  by  a trough. 

o,  the  jack'head  cistern  for  supplying  the  injection, 
which  is  aUvoys  kcfil  full  by  the  pump  n : it  is  fixed  so 
high  us  to  give  the  jet  a sullicient  velocity  into  the  cylinder 
when  the  Cnck  ts  opened.  Tins  cistern  hus  a pjic  on  the 
ifpposiie  sid»  for  conveying  away  the  superfluous  water. 

I’  i>,  the  inject'on-pipe,  of  3 or  4 inches  diameter,  which 
Uiins  up  ill  a curve  at  the  lower  end,  and  enters  the  cylin* 
<lcr  bottom  : it  Iihs  u thin  plate  of  iron  upon  the  end 
with  3 or  4 adjutage  holes  in  it,  to  prevent  the  jet  of  cold 
water  ot  the  jirrk-hiad  cistern  from  flying  up  against  the 
piaton,  and  yet  to  condense  the  steam  each  stroke,  when 
the  injection-cock  hr  open. 

e,  a valve  upon  the  upper  end  of  the  injectioji-pipe  with- 
in the  cistern,  which  it  sliut  when  the  engine  ia  not  work- 
ing, to  prevent  any  waste  of  the  wratcr. 

/,  a small  pipe  which  branches  off  from  the  injecuoti- 
pipe,  and  has  a small  cock  lo  supply  the  piston  with  a 
Intle  water  to  keep  it  air-tight. 

Q,  the  working  plug,  suspended  by  a chain  lo  the  arch 
g of  the  working  bmm.  It  is  usually  a heavy  piece  of 
timber,  with  a slit  vertically  down  its  middle,  and  holes 
bored  horixuntaliy  through  it,  to  receive  pins  for  the  pur- 
pose of  opening  and  shutting  the  injection  and  steam  cock^, 
as  it  ascends  and  descends  by  the  motion  of  tho  working 
beam. 

A,  the  handle  of  the  stcam-cock  or  regulator,  it  is  fixed 
to  the  regulator  by  a spindle  which  comes  up  through  the 
top  of  ihe  receiver.  The  regulator  is  a circular  plate  of 
brass  or  cast  iron,  which  is  moved  horizontally  by  ihc 
handle  A,  and  opens  or  shuts  the  communication  at  the 
lower  end  of  the  pipe  t within  the  receiver.  Jt  isrepre- 
si'Otcd  in  the  plate  by  a circular  doited  lino. 

i t,  the  spanner,  w hich  is  a long  rod  or  plate  of  iron  for 
communicaiing  motion  to  tho  handle  of  the  tegolatur;  to 
which  it  is  fixed  by  means  of  a slit  in  the  latter,  and  some 
pins  put  through  lo  fasten  it. 

ki,  the  vibrating  lever,  called  the  y,  having  the  weight 
A at  one  end  and  tw’o  legs  at  (he  i>tker  end.  It  is  fixed  ra 
' an  horiionlal  axis,  moveable  about  its  centre-pins  or 
pivots  na,  by  means  of  the  two  shanks  op  fixed  to  the 
same  axis,  which  are  alternately  thrown  backwards  and 
forwartls  by  means  of  two  pins  in  the  working  plug  j one 
pin  on  the  outside  depressing  the  shank  o,  throws  the 
loaded  end  A of  the  Y from  the  cylinder  into  the  position 
represented  in  the  plate,  and  causes  the  leg  i to  strike 
against  the  end  of  the  spanner;  which  forcing  back  the 
handle  of  the  regulator  or  steam  cock,  opens  the  commu- 
nication, and  permits  the  steam  to  fly  into  the  cylinder. 
The  piston  immediately  rising  by  the  ndmission  of  the 
steam,  (he  working  bt'am  1 1 rises;  which  also  raises  (he 
working-plug,  and  another  pin  WThicb  goes  through  the 
•lit  raises  tha  shank  p,  which  throws  the  end  k of  the  r 


towards  (he  cylinder,  and,  siriking  she  end  of  ibespannerr 
lurces  it  i'urwaid,  and  shuts  the  regulator  steam-cock. 

9 r,  thn  lever  for  opening  and  shutting  the  injcction-cock, 
culli'd  (Ue  r.  it  has  two  toes  from  its  centie,  which  lake 
between  them  the  key  ol  the  injection-cock.  When  the 
working-plug  has  ascended  neaily  to  its  greatest  height, 
ojiil  shut  (he  regulator,  h pin  ca(ch<'s  (he  end  y tif  the  r 
and  raises  it  up,  which  opens. the  injectk>ti-nH:k,  admits 
a jet  of  cuid  water  to  fly  into  the  cylinder,  and  cundc'itsing 
the  steam,  make^  a vacuum  ; then  the  pressure  ol  the  nt- 
romptiere  bringii^  down  the  piston  in  the  cylinder,  *md 
also  (he  plug'lraiiie,  another  pm  fixed  in  it  catches  the 
end  of  tbe  lever  in  its  descent,  and,  ty  prc-ssing  it  down, 
shuts  the  injoction-cuck,  at  the  vamc  time  (he  regulator  i» 
opened  to  admit  ^teain,  so  on  alternate)}  ; when  the 
regulator  is  shut  the  injectiun  is  open,  and  when  the  furrocr 
is  open  the  latter  is  shut. 

K.,  the  hut-well,  a small  cistern  made  of  plunks,  which 
rcceircs  all  the  waste  water  from  the  cylinder. 

B,  th<  sink-pit  (o  convey  away  the  water  which  is  in- 
jected iito  (he  cylinder  at  each  stroke.  Its  upper  end  is 
even  with  the  inside  of  the  C}  litider  bottom  ; its  lower  end 
has  a lid  or  cover  moveable  on  a hinge  which  serves  as  a 
valve  to  let  out  (lie  injected  water,  and  shuts  close  each 
stroke  of  the  engine,  to  prevent  (he  water  being  forced  up 
again  when  (be  vacuum  is  made. 

T,  tbe  feeding-pipe,  to  supply  the  boiler  with  water 
from  the  hot-well.  Ji  has  a cock  lo  let  in  a large  or  small 
cjuantity  of  water  as  occasion  requires,  to  moke  up  for 
what  is  evaporated  : it  goes  aearly  down  to  the  boiler 
bottom. 

V,  (WO  gagc-cocks,  tbe  one  larger  than  the  other,  to 
try  when  a proper  quantity  of  water  is  in  the  boiler:  on 
opening  the  cocks,  if  one  give  steam  and  tbe  other  water, 
it  IS  right ; if  they  both  give  steam,  there  is  toe  little  water 
in  (he  boiler ; and  if  (hey  both  give  water,  there  is  toe 
much.  . • 

w,  a plate  which  is  screwed  on  to  a bole  on  (he  side  of 
(he  boiler,  to  allow  a passage  into  the  boiler  for  tbe  con- 
venience of  cleaning  Or  repairing  it. 

X,  tbe  sleam-clack  or  puppet  valve,  a brass  valve  on 
the  lop  of  a pipe  opening  into  the  boiler,  to  let  off  the 
steam  when  it  is  too  strong.  Jt  is  loaded  with  lead,  at 
the  rate  of  one  pound  to  an  inch  square ; and  when  the 
steam  is  nearly  strong  enougti  to  keep  it  open,  it  will  do 
for  (he  working  of  the  engine. 

y*,  the  smiting  valve,  by  which  the  air  » discharged 
/rom  the  cylinder  each  stroke,  which  was  admilicd  with 
the  injection,  and  would  otherwise  obatruct  the  due  ope- 
ration of  the  engine. 

tt,  the  cylinclrr-beams;  W'hich  ara  strong  joists  gomg 
through  the  house  for  supporting  the  cylinder. 

V,  (lie  cylinder  cap  of  lead,  soldered  oirihe  top  of  the 
cylinder,  to  prevent  the  water  upon  the  piatou  from  Hash- 
ing over  when  it  rises  toH  high. 

to,  the  waste-pipe,  which  cornlucts  tbe  superHuoui 
water  from  tbe  (op  of  the  C}linder  lo  the  hot-well. 

XX,  iron  bars,  called  the  catch-pins,  fixed  horizontally 
through  each  arch-hiad,  to  prevent  the  beam  descending 
too  low  in  case  tho  chain  should  break. 

jrjr,  two  strong  wooden  springs,  to  weaken  (he  blow 
given  by  the  cetch-piiis  when  the  stroke  is  too  lung. 

z»,  (wo  friction-wheels,  on  which  the  gudgeon  or  centre 
of  tbe  great  beam  is  hung^,  they  are  the  third  or  fourth 
patt  of  a circle,  and  move  a lilUe  each  way  as  the  bean 
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"vibraic*.  Their  nse  i#  lo  diminUh  ihe  friction  of  the 
axri,  %liich,  in  »o‘bi-Hvy  a lever,  would  olhcrwUe  be 
verj-  final. 

>Vlica  thi»  engine  is  to  br  set  to  work,  the  boiler  mtisl 
be  filb'd  ubout  3 i>r  4 feet  deep  with  wuter,  ami  a large 
tire  mutic  under  il ; and  «kben  the  steam  is  found  to  be  of 
a«utbcu'Mt  strength  by  the  piip{)et*cliick,  then  by  thrusting 
bAck  the  spanner,  which  o[Hni  the  regulator  or  suam- 
cock,  the  steam  is  admiiled  into  the  C)linder,  which 
raises  the  piston  to  the  top  of  tiic  cy  linder,  and  torres  out 
ail  the  air  at  the  smiting  %alvo  ; then  by  turning  the  key 
of  the  injcCtiun-^oek,  a jet  of  cold  water  is  ailmdled  into 
tbc  cylinder,  which  condenses  the  steam  and  products  n 
▼acoum  ; the  alinoopherc  then  pressing  upon  the  piston, 
forcis  it  down  to  the  lower  pari  of  the  cylinder,  and  makes 
a stroke  by  raising  the  column  of  water  at  the  other  end 
of  the  beam.  Alier^ two  or  thrt'e  strokes  i^ic  made  in  this 
manner,  by  a man  of>ening  and  shutting  the  cocks  to  try 
if  they  be  right,  the  pins  may  then  bo  put  into  the  pin- 
holes in  the  working  plug,  and  tbit  engine  left  to  turn  the 
cocks  of  itself;  which  it  will  do  with  greater  exactness 
than  can  be  done  by  a man.  % 

Tll^re  are  in  some  rngincs,  methods  of  shutting  and 
opening  the  cock»  ditferent  from  the  one  above  di-scribed, 
but  pi'rhaps  none  better  adapted  to  the  purpose ; and  ax 
the  principles  on  which  they  all  act  are  originally  the 
same,  any  diflerence  in  the  mechankal  construction  of 
the  sroali  machinery  will  have  no  influence  of  consequence 
on  the  lutai  effect  of  the  grand  machine. 

The  furnace  or  fire-place  should  not  have  the  bars  so 
close  as  to  prevent  the  free  admission  of  fresh  air  to  the 
bn.',  nor  so  open  ns  tu  permit  the  coals  to  fall  easily 
through  them;  for  which  purpose  two  inches  or  ibcrt- 
abouts  is  sufficient  for  the  distance  betwixt  the  bars.  The 
sire  of  the  furnace  depends  on  that  of  the  boiler  ; but  in 
every  case  the  ash-holc  ought  to  be  capacious  to  admit 
the  air,  and  tbe  gr<  ater  its  height  the  better.  If  the  flame 
is  conducted  in  a flue  or  chimney  round  the  outside  of 
the  boiler,  or  tn  a pipe  round  the  inside  of  it,  it  ought  tu 
be  gradually  diminished  from  the  entrance  at  ibc  furnace 
to  Its  rgfx'KS  at  tbc  chimney ; and  the  M-ction  of  the 
chimney  at  that  place  should  not  exceed  the  section  of 
tbc  flue  or  pipe,  and  should  also  be  somewhat  less  at  the 
chimney-top. 

The  boiler  or  vessel  in  which  the  water  is  rareffed  by 
tbe  force  of  6rc,  may  be  made  of  iron  plates  or  cast  iron,  or 
such  other  materials  as  can  withstand  the  effects  of  the  fiie, 
and  the  elastic  force  of  the  steam.  It  may  be  considered 
as  consistmg  of  twm  parts;  the  upper  part  which  is  ex- 
posed to  the  steam,  and  tbe  under  part  which  is  exposed 
to  the  Are.  The  form  of  tbe  latter  should  be  such  as  to 
receive  the  full  force  of  the  fire  in  the  most  advantageous 
manner,  so  that  a certain  quantity  of  fuel  may  have  the 
greatest  possible  effect  in  heating  and  evaporating  the 
water;  which  U best  done  by  making  the  sides  cylindrical, 
and  the  bottom  a little  concave,  and  then  conducting  the 
flame  by  an  iron  flue  or  pipe  round  the  lusidv  oI  the 
boiler  U neath  tlie  surface  of  tbc  water,  before  ii  reach  the 
chimney.  For,  by  this^  meaas,  after  (he  Hrt  m tbe  furnace 
has  heated  (he  water  by  its  effect  on  the  bottom,  the  dame 
bcHlB  it  again  by  the  pipe  being  wholly  included  in  the 
watir,  and  having*  very  |>art  of  its  surface  in  contact 
with  it;  which  is  preferable  to  carrying  it  in  a flue  or 
chimney  round  the  outside  of  (he  bt^er^  as  a tbixd  or  a 
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half  of  the  surface  of  the  fl^me  only  could  he  in  contact 
with  the  boiler,  ihc  other  being  sfa’nt  upon  ibe  brick-work. 
I'his  lower  cylindric  part  may  be  less  m iu  diameter  than 
the  upper  part,  and  may  comnm  fiorh  4 to  bfm  }>erpcn- 
dicular  depth  of  water  in  it. 

The  upper  part  of  the  bnilcr  is  b*-vt  made  hembplus 
rical,  for  rcsi>ting  the  elasticity  nf  the  steam ; yel  any 
other  form  may  do.  provided  it  be  of  sufficient  strength 
for  the  purpose.  The  quick  motitm  of  the  engine  depends 
much  on  the  capaciousness  of  the  boilcr-top  ; for  if  it  be 
too  small,  it  requires  the  strnm  to  be  heated  tu  a great 
dcgri'e,  lo  increast'  its  clastic  force  so  much  as  to  work 
the  engine.  If  the  tup  is  so  capacious  as  to  contain  eight 
or  ten  times  the  quantity  of  steam  used  cocli  stroke,  it 
will  require  no  more  tire  to  preserve  its  elasticity  than  is 
suflicienl  to  keep  the  water  iff  a proper  state  of  boiling; 
this,  tberefure,  is  the  best  size  for  a boiler  top.  If  the 
diameter  of  the  cylinder  be  c,  and  works  a si.x-lbot  stroke, 
and  the  diamricr  of  the  boiler  bd  supposed  b,  theiv 
= b\  or  b — ^‘200c“. 

The  effect  of  the  injection  in  cundens'mg  the  steam  in 
(he  cylinder,  depends  on  the  bright  of  (be  resmoir  and 
the  diameter  of  the  adjutage.  If  the  engine  makes  a € 
fivt  stroke,  (hen  the  jackhead  ci»lnn  vhoidd  be  1*2  feet' 
perpendicular  ab*»vc  the  bottom  of  the  cylinder  or  the  ad- 
jutage.  'Ihc  size  of  the  adjutage  m:ty  be  from  1 to  2 
inches  in  diameter;  or  if  the  cjiindtr  be  very  large,  il  is 
proper  lo  have  three  or  four  hides  rather  than  one  large 
one,  in  order  that  the  jet  may  be  dispersed  the  more  ef- 
fectually over  the  whole  area  of  (he  cylinder.  The  injec- 
tion pipe,  or  pipe  of  conduct,  should  be  so  large  as  to 
supply^hc  injection  freely  with  water;  if  ihc  diameter  of 
ibe  injection  pipe  he  called  p,  and  the  diameter  uf  the  ad- 
jutage, a,  then  4o*  p\  and  a*’  = ip\  or  o a 

For  a further  account  of  these  engines,  see  Desagulier*  s 
Exp.  I’bilos.  Tcl.  2,  sect.  14,  p.-i.  40.5.  ^ec;  or  for  an 
abstract,  .Martin's  Phil.  Brit,  number  4<il,  or  Nicholson’s 
Nat.  Philos,  p.i.  bff  biv.  And  for  an  account  of  the  im- 
provcmrnl  made  m the  fiiv-enginc  by  Mr.  Payne,  see 
Philos.  Trans,  number  46l,  or.  Marliii's  Philos,  llrit.  p.i. 
87  dec.  Sec  a!>n  (5r«*gr>fy’s  Mtchanies,  vol.  2,  for  a par- 
ticular descripttvn  ul  different  slivim-enginoa,  containing 
tbc  lau-sl  improvem*  nia  that  they  have  underg*»ne. 

Mr.  Ulakey  commonicaied  lo  the  Iloynl  Society,  in 
1752,  remarks  on  the  best  proportions  for  steam-engine 
cylinders  of  » eiven  content : and  Mr.  Sideaion  describes 
an  engine  ol  this  kind,  invented  Ly  Mr.  De  Mourn  of  Por- 
tugal, being  an  improreiirent  of  Savery's  construction,  to 
render  it  capable  uf  workini*  itvelf:  for  botfi  which  ac- 
counts, see  Philos.  'Frans,  vol,  47,  on.  29  and  72. 

Wcarc  iiifonued  in  the  new  edit.  *»f  the  Biograph.  Brit, 
under  the  article  Urmdicy,  tiiutin  l75f>  this  gentleman, 
so  well  known  for  his  concern  in  oUr  inland  navigation#, 
undertook  to  erect  a stcaniM-nginc  near  Newcastlc-under- 
Line,  on  a new  plan.  The  boiler  of  it  was  made  wiih 
brick  and  stone,  instead  uf  iron  plates,  and  the  water 
was  heated  by  iron  flues  of  a pi  culiat  construction  ; by 
which  comrivancts  the  consumption  of  fuel,  mccssary 
for  working  u itcum-cngiiK-,  was  n-duced  one  half.  Ilo 
intro<luced  also  imo  bis  engine  wooden  cylinden,  made 
In  the  manner  of  coopir's  ware,  insteod  of  iron  ones;  the 
former  b**ing  boih  cheaper  and  m<.re  easily  inanagiHl  in 
the  shafts:  and  he  likewise  substituted  wood  for  iron  in 
tbc  cbaiua  wbjcbwoikcd  at  the  cod  uf  the  beam.  He  bad. 
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formed  dcsigni  of  introducing  other  improvefuents  into  the 
construction  of  this  useful  engine ; but  was  discouraged 
by  obstacles ^hat  were  thrown  in  bisway. 

Mr.  tilfikeyi  some  years  ago,  obtained  a patent  for  his 
improvement  of  bavery's  striim-engiiie,  by  which  it  is  cx« 
cellcntly  adapted  for  mising  water  out  of  ponds,  rivers, 
wells,  and  for  forcing  it  up  to  any  height  vrunted  fur 
supplying  houses,  gardens,  ami  other  places;  though  it 
has  not  power  sudicient  to  drain  utl  the  water  Irom  a de«-p 
mine.  ‘I'he  principles  of  his  conslrurtion  are  explained 
by  Mr.  Feigusun,  in  the  ^upplein<-nl  to  his  Lectures, 
pa.  1^;  and  a more  particular  descriptimi  of  it,  accom* 
panied  with  a drawing,  is  given  by  the  pati'nlix  himself  lo 
the  Gentleman's  Magaainc  for  l?f>9t  pa  39?< 

Mr.  Diakc^,  it  is  >aid,  is  the  hm  person  who  ever 
ihot^t  of  making  use  of  air  as  an  intermediate  body  be* 
tween  steam  and  water;  by  which  me>in>  the  steam  is  al- 
ways kept  from  touching  the  water,  and  consee;uenl)y 
from  being  condensed  by  it : and  on  this  new  principle 
he  hat  obtained  a patent.  Thi!  engine  may  be  built  at  a 
trifling  expcnce.  in  companion  of  the  common  steam- 
engine  now  in  use  ; it  will  sclduiii  need  repairs,  and  will 
not  consume  half  so  much  fuel.  And  as  it  has  no  pumps 
with  pistons,  it  is  clear  of  all  their  friction  ; and  the  effect 
is  equal  to  the  whole  strength  or  compressive  force  of  the 
steam  ; which  tbe  effect  of  the  common  engine  never  is,  on 
account  of  the  great  friction  of  the  pistons  in  their  pumps. 

Ever  since  Mr.  Newcomen's  invention  of  the  stiam 
fire-engine,  tbe  great  consumption  of  fuel  with  which  it  is 
attended,  has  been  compiained  of  as  an  immense  draw- 
back on  (he  profits  of  our  mines.  It  ii  a known  fact,  that 
every  engine  of  considerable  size  consumes  to  the  amount 
of  three  thousand  pounds  worth  of  coaU  in  a year.  Hence 
many  of  our  engineers  have  endeavoured,  in  the  construc- 
tion of  these  engines,  to  save  fuel.  For  this  purpose, 
tbe  fire-place  has  bet'ii  diminished,  the  fiame  has  been  car- 
ried round  from  the  bottom  of  the  boiler  in  a spiral  direc- 
tion, and  conveyed  through  the  body  of  the  water  in  a 
tube  before  its  arrival  at  the  chimney  ; some  have  used  a 
double  boiler,  so  that  fire  might  act  in  every  possible 
point  of  contact ; and  some  have  built  a moor-stone 
boiler,  heated  by  three  tubes  of  flame  passing  through  it. 
But  the  moat  importam  improvements  which  have  been 
made,  in  the  steam-engine  fur  mure  than  forty  years  past, 
we  owe  to  the  skill  of  Mr.  James  Watt;  of  which  we  shall 
give  some  account:  premising,  that  tbe  internal  struc- 
ture of  his  new  engines  so  much  resembles  that  of  the 
common  Ola's,  that  those  who -are  acquainted  with  them 
will  not  fail  to  understand  the  mechanism  of  his  from  the 
following  description  : He  bas  cuntrived  to  observe  a uni- 
form brat  in  (be  cylinder  of  bis  engines,  by  suffering  no 
Cold  water  to  touch  it,  and  by  protecting  it  from  tbe  air, 
or  other  cold  bodies,  by  a surrounding  case  filled  wab 
steam,  nr  with  hot  air  or  water,  and  by  coating  it  over 
with  'Mibsttinces  that  transmit  heat  slowly.  He  makes  bis 
vacuum  to  approech  nearly  lo  that  of  the  barometer,  by 
coiulfiuing  thi  steam  in  a se|Miate  vessel,  called  the  con- 
denser. which  may  be  cooled  at  pleasure  without  cooling 
the  cylinder,  tJiher  by  an  injection  of  cold  water,  or  by 
lurrounding  the  condenser  with  it,  and-generaliy  by  Ixith. 
He  extra' ts  tbe  injection  water,  and  detached  air,  from 
the  cylinder  or  condenser  by  pumps,  which  are  wrought 
by  ihe  engine  itself,  or  blows  them  out  by  the  steam.  Ai 
tbtt  tmriutce  of  air  iato  the  cylinder  would  stop  the  opera- 


tion of  the  engines,  and  ns  it  is  hardly  to  be  expected  that 
such  enormous  pistons  as  those  of  steam-engines  can  move 
up  and  down,  and  yet  be  absolutely  tightas  in  the  common 
engines  ; a stream  of  wzlrr  is  kept  always  ruuoiug  upon 
the  piston,  which  prevents  Ihe  entry  of  the  air:  but  this 
mode  of  securing  the  pbtou,  though  not  hurtful  in  tbe 
common  ones,  would  be  highly  prejudicial  to  the  uew  en- 
girics.  Their  piston  is  thereiorc  made  moec  accurately ; 
and  the  outer  cylinder,  having  a lid.  covers  it,  ibe  sUram 
is  introiluced  above  tbe  piston;  and  when  a vacuum  ii 
produced  under  it,  acts  upon  it  by  its  elasticity,  aa  the 
atmosphVre  does  upon  common  engines  by  its  gravity. 
Tills  way  of  working  effectually  excludes  the  air  from  the 
inner  cylinder,  and  gives  the  advantage  of  adding  to  the 
power,  by  increasing  the  elasticity  of  the  steam. 

In  Mr.  ^Vatts  engines,  the  cylinder,  the  g real  beams, 
the  pumps,  stand  in  their  usuaf  posiiKins.  The  cy- 
linder is  smaller  than  usual,  in  proportion  to  the  load,  and 
is  very  accurately  bored.  In  the  mo%t  complete  engiocs, 
it  is  surruundi'd  at  a small  disUiicr,  with  another  cylinder, 
furnished  wuli  a bottom  and  a lid.  'Ibe  interstice  be- 
tween the  cylinders  conimunicaici>  with  the  boilers  by  a 
large  pipe,  open  at  b^th  rods:  so  that  rt  is  always-filled 
with  steam,  and  iluveby  roamtaios  tbe  inner  cylinder  al- 
ways uf  the  same  heat  with  the  steam,  and  prevents  any 
condeii'atton  within  it,  which  would  be  more  detrimental 
ihafl  an  t^qiial  condensation  in  the  outer  one.  I'he  inner 
cylinder  bas  a bottom  and  piston  as  u.«ual : and  as  it  dues 
nut  reach  up  quite  to  the  lid  ot  the  outer  cylinder,  the 
steam  in  tbe  interstice  has  always  free  access  to  Che  upper 
side  of  the  piaton.  The  lid  of  the  outer  cylinder  has  a 
hole  in  its  middle ; and  ibc  piston  rod,  which  is  truly  cy- 
liodrical,  moves  up  and  down  through  that  hole,  which  is 
kept  steam-tight  by  a collar  of  oakum  screwed  down  upon 
it.  At  tbe  bottom  of  tbe  inner  cylinder,  there  are  two  re- 
gulating valves,  one  of  which  admits  tbe  steam  lo  pass 
from  the  interstice  into  the  inner  cylinder  below  the  piston, 
or  shuts  it  out  at  pleasure:  the  other  opens  or  shuts  the 
end  of  a pipe,  which  leads  to  the  condenser.  The  con- 
denser consists  of  one  or  more  pumps  furnished  with  clacks 
and  buckets  (nearly  the  same  as  in  common  pumps) 
which  are  wrought  by  chains  fastened  to  the  great  work- 
ing beam  of  the  engine.  The  pipe,  which  comes  from  the 
cylinder,  is  joined  to  the  bottom  uf  these  pumps,  and  the 
whole  condenser  stands  immersed  in  a cistefn  of  cold  wa- 
ter supplied  by  the  engine.  Tbe  place  of  (bis  cistern  is 
either  within  the  bouse  or  under  the  floor,  between  the  cy- 
linder and  the  lever  wall ; or  without  tbe  house  bclwei'n 
that  wall  and  the  engine  abaft,  as cooveoiency  may  require. 
The  condenser  being  exhausted  of  air  by  blolving,  and 
both  the  cylinders  being  filled  with  strain,  the  regulating 
valve  which  atlmits  the  steam  into  (be  inner  cylinder  is 
shut,  anil  the  other  regulator  which  communicates  with 
(he  comlensrr  is  upent'd,  and  tbe  steam  rushes  into  the  va- 
cuum of  the  condenser  with  violence  : but  iheie  it  cornea 
into  contact  with  tbe  cold  tides  of  the  pumps  and  pipes, 
ami  meets  a jet  of  cold  water,  which  was  opened  at  the 
same  time  with  (he  exhaustion  regulator ; these  instantly 
deprive  it  of  its  heat,  and  leduce  it  to  water;  and  the  va- 
cuum remaining  perfect,  mure  steam  continues  to  rush  in, 
and  is  condensed  until  (he  inner  cylinder  is  exliausti^. 
I'lien  (he  steam  which  is  above  the  piston,  erasing  to  be 
cuunicracted  by  that  which  was  below  it,  acts  upon  the 
pistoQ  with  iu  whole  clasUcity,  and  forces  it  to  descend  to 
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the  bottom  of  the  cyliuder,  and  >o  raim  the  buckets  of  ibe 
pumps  whicli  arc  liutvg  lu  tlx  other  end  of  the  iK-ain. 
1 be  cxluu»liun  rcgulutor  is  now  shut,  and  the  steam  onc- 
upened  again,  which,  by  letting  in  the  steam,  allows  the 
pibton  to  be  pulliHi  up  by  the  superior  weight  of  the  pump 
tods  ; and  so  the  engine  is  ready  for  another  stroke. 

But  the  nattire  of  Mr.  Watt’s  iinproveruetil  will  be  per* 
haps  better  undersUKKl  from  the  following  description  of  it 
as  referred  to  a figure.— The  cylinder  or  5li*am  vessel  a,  of 
this  engine  (fig.  5,  pi.  33),  is  shut  at  bottom  and  opened  at 
top  as  usual  j and  is  included  in  an  outer  cylinder  or  case 
BB,  of  wood  or  metui,  covered  with  materials  which  trans- 
mit heat  slowly.  I'his  case  is  at  a small  distance  from  the 
cylinder,  and  close  at  both  ends.  The  cover  c has  a bole 
in  it,  through  which  the  piston  rod  £ slides ; and  near  the 
bottom  is  another  bole  r,  by  which  the  steam  from  the 
boiler  has  always  free  entrance  into  this  case  or  outer  cy- 
linder, and  by  the  interstice  uc  between  the  two  cyliiulm 
has  access  to  the  upper  side  of  the  piston  MU*  To  the 
bottom  of  the  inner  cylinder  a is  joined  a pipe  i,  with  a 
cock  or  valve  x,  which  is  opened  and  shut  when  neces- 
sary, and  forms  a passage  to  another  vessel  u called  a con- 
denser, made  of  thin  metal.  This  vessel  is  immersed  in  a 
cistern  m full  of  cold  water,  and  it  is  contrived  so  ns  tu  ex- 
pose SI  very  great  surface  externally  to  the  water,  and  in- 
ternally to  the  steam.  It  is  also  made  air-tight,  and  has 
pumps  K wrought  by  the  engine,  which  keep  it  always  ex- 
hauated  of  air  and  water. 

Both  the  cylinders  a ami  bb  being  filled  with  steam,  the 
passage  x is  opened  from  the  inner  one  to  the  condenser  L, 
intu  which  the  steam  violently  rushes  by  its  elasticity, 
because  that  vessel  is  exhausted  ; but  as  soon  as  it  enters 
it,  coming  into  contact  with  tlx  cold  matter  of  the  con- 
denser, it  is  reduced  to  water,  and,  the  vacuum  still  re- 
maining, the  steam  continues  to  rush  in  till  the  inner  cy- 
linder A below  the  piston  is  left  empty.  I'he  steam  which 
is  above  the  piston,  ceasing  to  be  counteracted  by  that 
which  is  below  it,  acts  upon  the  piston  ii  n , and  forces  it  tu 
descend  to  the  bottom  of  the  cylinder,  and  m>  raises  the 
bucket  of  the  pump  fay  means  of  the  lever.  The  passage 
X between  the  inner  cylinder  and  the  condenser  is  then 
shut,  and  another  passage  o is  opened,  which  permits  the 
steam  to  pass  from  the  outer  cylinder,  or  from  the  boiler 
into  the  inr>er  cylinder  under  the  piston  ; and  then  the  su- 
perior weight  of  the  bucket  and  pump  rods  pulls  down  the 
outer  end  of  the  lever  or  great  b^m,and  raises  the  piston, 
which  is  suspended  to  the  inner  end  of  the  same  beam. 

The  advantages  that  accrue  from  this  construction  are, 
irst,  that  the  cylinder  being  surrounded  with  the  steam 
from  the  boiler,  it  is  kept  always  uniformly  as  hot  as  the 
steam  itself,  and  is  tberefon;  incapable  of  destroying  any 
part  of  the  steam,  which  should  fill  it,  as  the  common  en- 
gines do.  Secoodly,  the  condenser  being  kept  always  as 
cold  as  water  can  lx  procured,  and  colder  than  the  point 
at  which  it  boils  in  vacuo,  the  steam  is  perfrctly  con- 
densed, and  does  not  oppose  the  descent  of  the  piston ; 
which  is  therefore  forced  down  by  the  full  power  of  the 
steam  from  the  boiler,  which  is  somewhat  greater  than 
that  of  the  atmosphere. 

In  the  common  steam-engines,  when  they  are  loaded  to 
7 pounds  upon  the  inch,  and  arc  of  a middle  sise,  the 
quantity  of  steam  which  is  condensed  in  restoring  to  the 
cylinder  the  heat  which  it  had  been  dq>rivcd  of  by  the 
former  injection  of  cold  water,  if  about  one  full  of  the  cy- 
linder, besides  what  it  really  required  to  frU  tliat  vessel ; 
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so  that  twice  the  full  of  the  cylinder  is  employed  to  make 
it  rai>e  a column  of  water  equal  to  about  7 pounds  for 
each  square  inch  of  the  piston  ; or,  to  take  it  more  simply, 
a cubic  fool  of  steam  raises  a cubic  foot  of  waieraboul  8 
feel  high,  besides  overcoming  the  friction  of  the  engtrx, 
and  the  resistance  of  the  water  to  motion. 

In  the  improved  engitK;,  about  one  full  and  a fourth  of 
the  cylinder  is  required  to  fill  it,  because  the  steam  is  onc^^ 
fourth  more  dense  than  in  tho  common  engine.  This  en- 
gine raises  a load  equal  to  12  pounds  and  a half  upon  the 
square  inch  of  the  piston  ; and  each  cubic  foot  of  steam  of 
the  density  of  the  atmosp^re,  raises  one  cubic  fool  of  wa- 
ter 22  feet  high.  'The  working  of  these  engines  Is  more 
regular  and  steady  than  the  common  ones,  and  from  what 
hat  been  said,  their  other  advantages  seem  to  be  very  con- 
siderable. 

Jt  is  said,  that  the  savings  amount  at  least  to  two-thirds 
of  the  fuel,  which  is  an  important  object,  especially  where 
coals  are  dear.  The  r)e\v  engines  will  raise  from  twenty 
thousand  to  twenty-four  thousand  cubic  keel  of  water,  to 
the  height  of  24  feet  by  one  hundred  weight  of  good  pit 
coal : and  Mr.  Watt  has  proposed  to  produce  engines  on 
the  same  principla,  though  somewhat  differing  in  construc- 
tion, which  will  require  still  much  less  fuel,  and  be  more 
conveoieni  for  the  purpoKs  of  mining,  than  any  kind  of 
engine  yet  used.  Mr.  Wait  has  also  contrived  a kind  of 
mil  wheel,  which  turns  round  by  the  power  of  steam  ex- 
erted within  it. 

The  improveroenis  above  recited  were  invented  by  Mr- 
James  Watt,  at  Glasgow,  in  Scotland,  in  1704:  he  obtained 
the  king’s  icttcjs  patent  for  the  sok  use  of  his  invention  in 
1768  ; but  meeting  with  difficulties  in  the  execution  of  m 
large  machine,  and  being  otherwise  employed,  he  laid  aside 
the  undertaking  till  the  year  1774,  when,  in  conjunction 
with  Mr.  Boulton  near  Birmingham,  he  completed  both  a 
reciprocating  and  rotative  or  wheel  engine.  He  then  ap- 
plied to  parliariient  for  a prolongatiun  uf  the  lerm-of  his 
patent,  which  was  granted  by  an  act  passed  in  1775. 
Since  that  time,  Mr.  Watt  and  Mr.  Boulton  have  erected 
several  engines  in  various  parts  of  Ungland.  The  terms 
they  offer  to  the  public  are,  to  take  in  lk*n  of  all  profits, 
one-third  part  of  the  annual  savings  in  fuel,  which  their 
engine  makes  when  compared  with  a common  engine  of 
the  same  dimensions  in  the  nnohboarhood.  The  engines 
are  built  at  the  e.Npciice  of  those  who  use  them, and  Messrs. 
D<jultan  and  Watt  furnish  such  drawings,  directions,  and 
attendance,  as  may  be  necessary  to  enable  a resident  en- 
gineer to  compicle  the  machine.  See  the  appendix  to 
Pryces  Mincralogia, &c,  1778. 

Mr.  Humblower  and  others  have  also  made  ingenious 
improvcmeirts  on  the  steam-engine. 

St'c  another  view  of  a steam  engine  at  fig.  3,  pi.  31. 

Stbam-Boa/,  ^c.  Besides  the  steam-engines  em- 
ployed for  drawing  the  water  out  of  de^'p-mines,  (and 
w ithout  the  discovery  of  such  machines  the  country  now 
would  have  betm  almost  deprived  of  the  use  of  coals,)  steam 
has  been  gradually  applied,  as  a power,  to  give  motion  to 
various  other  machines,  and  for  other  purposes  where 
great  and  icconomicai  powers  arc  required,  with  the  best 
effects;  such  as  saw-milU,  pile-driving,  deepening  and 
cleansing  of  rivers  and  canals,  the  draft  of  numerous  wag- 
gons on  rail-ways,  with  many  other  useful  and  beneficial 
purposes  ; and  lastly  to  the  purpOH-s  of  navigation,  by  im- 
pelling large  vi^ls  on  rivers  and  canals,  for  the  cheap  and 
expeditMUi  conveyance  of  passengcis  and  goods  of  all 
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ktmli.  M4iiy  tlti»  kind  arc  now  employed  in 

this  Msy»  in  tin*  ctmiitry,  and  in  North  America,  and 
eliowhin*.  early  the  yenr  lftOt,»uch  a vetarl  wa« 
irted  on  the  Forth  and  Cl)dc  inland  navigaiioo;  but  was 
UiJ  nsidk',  amoiij;  other  rruvinis  on  account  of  the  injury 
It  threatened  the  banks  of  lira  canal  by  the  agitation  of 
the  water.  In  Aiikticu^  iho  first  «learo*buat  wan  launched 
at  ork  on  the  8d  of  October  tfiOr*  and  began  to  ply 

on  the  ii\cr  between  that  city  and  Albany,  a distance  of 
about  lO'tJ  miles;  and  itow  numerous  largo  vossrUof  that 
kind  ore  employed  on  the  navigation  U-iwocn  New  York 
and  CatuulH,as  well  as  on  the  Mississippi,  ami  several  other 
livers  in  that  ruuntry.  The  first  attempt,  on  a large 
scale,  to  navigate  by  steam  on  the  river  Clyde,  was  made 
ill  the  year  1812  ; and  many  other  vessels,  of  great  bur- 
den, are  now  daily  einpinyi  d there,  conveying  at  each  time 
several  hundred  (OKS  oi  goods,  or  many  hundred  passen- 
gers, ju  a rmuinodious,  cheap,  and  c.X|>edilious  manner* 
Vessels  of  the  same  kimi  arc  also  successively  establishing 
on  many  other  rivers  in  the  country  ; as  on  the  Thami'S, 
the  Tyne,  iVc,.&c,  and  even  Cmuttng  on  ihoseiu— >Ac- 
icountsof  these  vessels  and  navigations  have  U*en  given  in 
several  publications;  particularly  in  (he  Monthly  Maga- 
sine  in  many  places  of  the  volumes  36  and  J7*  as  alsu  in 
the  FLilus.  Magazine,  vol.43,  in  bi>ib  cases  accompanied 
with  drauiiigs  and  descriptions  of  the  machinery. 

8TEELVAU1),  or  Stilvard,  in  Mechanics,  a kind 
of  balance,  called  eIm>,  Stutera  Uomana,  or  live  Uonian 
Ualance,  by  means  of' which  the  weights  of  difit^n  nl  bo- 
dies are  discovered  by  using  one  single  weight  only. 


Tlic  common  steelynnl  consists  of  nn  iron  beam  ab,  In 
which  is  assumed  a point  at  pleasure,  as  c,  on  which  is 
raised  u perpemliculai  CD.  On  the  shorter  arm  ac  is  hung 
a scale  to  receive  the  bodies  weighed  : the  moveable 
'weight  I isshiitetl  backward  and  forward  on  the  bt'am,  till 
it  be  b counit rbolanee  to  I,  2,  3,  4.  tiC  fotimh  placed  in 
the  sc.Ue;  ami  the  points  mv  noted  where  the  constant 
w<  i|»lit  I weighs,  as  1, 2,  3,  4,  ^c  pounds.  Fromthiscon- 
struciion  of  the  steelyard,  the  manner  of  using  it  is  evi- 
dent, 

1 hese  instrumi  nts  in  the  hands  of  designing  men  arc 
easily  converted  to  the  purpose  of  deceptiim  ; as,  one  can- 
not st>  readilv  know  whether  they  be  truly  c«»nstrucied  or 
not,  as  we  can  with  the  common  balance  ; on  which  ac- 
count. and  some  other  inconvemcncies  attending  the  use 
of  them,  they  are  not  very  generally  eroployeil  in  mercan- 
tile tran<actions- 

These  imperl’ecflons  in  the  common  steelyard,  led  C. 
Paul,  m«.]>rrl<)r  of  wei^liis  at  Gem-va,  to  employ  his 
ihmighis  on  so  far  improving  steelyard-,  that  et'her  in  the 
delicate  opetution:  of  the  arts,  or  in  those  ot  the  same  kind 
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which  arc  often  so  ncceuary  in  the  practice  of  physical 
scumces,  those  inslrumenls  might  be  substituted  with  ad- 
vantage for  Ciunmon  balances. 

It  would  be  contrary  to  our  plan  to*entcr  at  any  length 
upon  the  drscnpliun  of  the  insirument  which  Mr.  Paul 
lias  constructed  lor  tins  purpose,  being  merely  a mechani- 
cal contrivance;  it  is  however  very  ingenious,  a desenp- 
tion  of  which  may  be  seen  in  Gn.>gory’s  Mechanics,  vol.  3, 
pa.  405,  and  in  the  INiilosopbical  .Mogaainc,  vol. 3,  wbera 
there  is  also  a rcprv*$cntatiun  of  the  instrument. 

Chinese  St  KELT  A RD.  'Ihe  ChimTo  carry*  this  statera 
about  Uicm  to  weigh  their  gems  and  other  things  of  va- 
lue. I'he  lx*am  or  yard  is  a small  rod  of  wood  or  ivory, 
about  a foot  in  length  : upon  this  arc  three  rules  of  mea- 
sure, mode  of  a fine  silvrr-studded  work;  they  ail  begin 
from  the  end  of  the  beam,  whence  the  first  is  ex  tended  8 
inches,  the  seconrl  6{,  the  third  Kf.  Tbc  first  ii  the  Eu- 
ropean measure,  the  other  two  seem  to  be  Chinese  mea- 
sures. At  the  other  end  of  the  yard  hangs  a round  scale, 
and  at  three*  several  distanci*s  from  this  end  are  fastencil 
so  many  slender  strings,  as  difierent  points  of  luspeoMOU* 
The  first  dutance  makes  or  ^ of  an  inch,  the  second 
3|  or  double  the  fiist,  and  the  tbiid  or  triple  of  the 
first.  When  they  wt  tgb  any  thing,  they  bold  up  (he  yard 
by  some  one  of  tb(*se  strings,  and  bang  a seaJet)  weight,  of 
about  Ifog  troy  weight,  upon  the  rcspv'Ctive  divisions  of 
the  rule,  as  the  thing  requires.  Grew  s Museum,  pa.  369- 
Spring  STr.ELTARD,  is  a kind  of  portable  balance, serv- 
ing to  weigh  any  matter,  fruro  I to  about  40  pounds.  It 
is  composed  of  a brass  or  iron  tube,  into  which  goes  a 
rod,  and  about  (hat  is  wound  a spring  of  tempered  steel  in 
a spiral  form.  On  this  rod  are  the  divUioos  of  pemods 
and  parts  of  pounds,  which  arc  made  by  successively'  bang- 
ing  on,  to  a hook  fastened  to  the  other  cud,  1,  2,  3,  4, 
&c.  pounds. 

Now  the  spring  bring  fastened  by  a screw  to  the  bottom 
of  the  rod  ; the  greater  the  weight  is  that  is  hung  upon  the 
hook,  the  more  will  the  spring  be  contracted,  and  conse- 
quently a greater  part  of  the  rod  will  come  out  of  the 
tube ; the  pro|>orti(ms  or  quantities  of  which  greater 
weights  are  in<licwU-d  hy  the  figim.*s  appearing  against  the 
cxtn  mity  of  the  tube. 

STEr.LYAUD*<S’:rMf.  In  the  Phib^  Trans.  (No.  462, 
secL  6)  IS  given  on  account  of  a steelyard-swing,  proposed 
as  a inccbanicnl  method  for  assisting  children  labouring 
under  deformities,  ow  ing  to  the  rontrartion  of  the  inuscK'S 
on  one  side  of  the  body.  The  crooked  person  is  sus- 
pemird  with  Colds  under  bis  arm,  and  ibi-sc  are  placed  at 
equal  distances  from  tbc  centre  of  the  beam.  It  i%  sup- 
posed that  the  gravity  of  the  body  will  airtCt  the  coiitractid 
side,  so  as  to  put  the  muscles  upon  the  stretch  ; and  hence 
by  viegrees  the  deb  rt  may  be  remedied. 

NFEEPLE,  a buildin;  usually  tuiM'd  on  the  western 
end  of  a church  to  cont.iin  the  bells.~Sici  pies  are  deno- 
minated fioin  tbcir  form,  either  spires,  or  towi-rs.  I'hc 
first  are  such  as  rise  continually  dimini-bing  like  u cone 
or  other  pyramid.  The  latter  are  men*  paraUelupi)K*dons, 
or  some  other  prism,  ami  are  covered  at  i<'p  with  a plat- 
form.—In  each  kind  there  is  usually  a si>rt  of  vvindims,  or 
loop-hull's,  to  let  «'UI  the  sound,  and  so  contrived  as  to 
throw  It  downward. 

Masiiis,  in  his  treatise  on  bells,  treats  also  of  steeples. 
The  most  remarkable  in  the  world,  it  is  said,  is  that  at 
Pisa,  which  leans  so  much  to  one  side,  that  y<Mi  fi'nr  i very 
muiucni  It  will  fall ; yet  is  in  no  danger.  This  odd  ills- 
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ptfeiiion»  h<*  observer,  is  not  owing  to  a shock  of  an  earth* 
quake,  as  is  generally  imagincHi ; but  was  contrived  su  at 
first  by  ihc  architect ; as  is  evident  from  the  ceilings,  win- 
dows, doors,  \c,  which  are  all  in  the  bevel. 

STKERAGK,  in  a ship,  that  part  neat  below  the  quar- 
ter-deck, U?forc  the  bulk-head  of  tho  great  cabin,  where 
the  steersman  stands  in  mr*st  ships  of  war.  In  la^ge  ships 
of  war  it  is  used  ns  a ball,  through  which  it  is  necessary 
to  pass  to  or  from  the  great  cabin.  In  merchant  ships  it  is 
rnmtly  the  habitation  of  the  lower  officers  and  ships  crew. 

STCF.it  AGE,  in  Sea-language,  is  also  used  to  express  the 
cllort  of  tiic  helm  : and  hence 

SresRAGE-ui<ry  is  that  degree  of  progressive  motion 
communicated  to  a ship,  by  which  she  becomes  suscepti- 
ble of  the  effi’Cl  of  the  helm  to  govern  her  course. 

STlvEKING,  in  Navigation,  the  art  of  directing  the 
ship's  way  by  (he  movements  of  the  helm ; or  of  applying 
its  efforts  to  regulate  her  courw  when  she  advances,  'fhe 
pe  rfection  of  steering  consists  in  a vigilant  (mention  to  the 
motion  of  the  ship's  head,  s<t  as  to  check  every  deviation 
from  the  line  of  her  course  in  the  first  instant  of  its  motion ; 
ami  in  applying  as  little  of  the  power  of  the  brim  as  pos- 
sible. Hy  this  means  she  will  riiir  more  unifonnly  in  h 
straight  path,  or  decline  less  to  the  right  and  ieftt  w hereas, 
if  a greater  elfurt  of  the  helm  be  cmpl(>yrd,  it  will  produce 
a greater  declination  from  the  course,  and  not  only  irv- 
creav'  the  difficulty  of  steering,  but  also  make  a crooked 
and  irregular  path  through  the  water. 

The  helmsman,  orsteersraan,  should  diligently  watch  the 
inovemenis  of  the  head  by  the  land,  clouds,  moon,  or 
stars ; because,  though  the  course  is  in  gcnrrHl  regulated 
hy  the  compass,  yet  the  vibrations  of  the  needle  arc  nut  so 
quickly  perceived,  ns  (he  uiliios  of  the  shipS  head  to  the 
right  or  left,  which,  if  not  immediately  restrained,  will 
ac<|uire  sidilitionui  vebicity  in  evefy  instant  of  their  mo- 
tion, and  require  a more  powerful  impulse  of  (he  helm  to 
reduce  (hero;  the  application  of  which  will  operate  to 
turn  her  head  as  far  on  the  contrary  side  of  her  course. 

'Ihe  phrases  used  in  stbering  a ship,  vary  according  to 
the  relation  of  the  wind  to  her  course,  'i'hus,  when  tiic 
wind  is  large  or  fair,  the  phrases  used  by  the  pilot  or  offi- 
cer w ho  superintends  the  stevTage,  are  }K>rt,  starboard,  and 
steady:  tbc  first  of  which  is  {iitend<d  to  direct  the  ship’s 
Course  furtiier  to  the  right;  the  second  to  the  Icft^  and 
the  last  is  designed  to  keep  her  exactly  in  the  line  on  which 
she  advances,  according  to  the  intended  course.  The  ex- 
cess of  the  first  and  second  movement  is  called  hard-a- 
port,and  hard-a-starlmard  ; the  former  of  w hich  gives  her 
thegreatost  possible  inclination  to  the  right,  and  the  latter 
an  equal  tendency  to  the  left.— If,  on  the  contrary,  the 
wind  be  scant  or  foul,  the  phrases  arc  Igffi,  thus,  ami  no 
nearer : the  first  of  which  is  the  order  to  keep  her  cli*sc  to 
the  wind;  the  second,  to  retain  her  in  her  present  situa- 
tion; and  the  third,  to  keep  luT  sails  full. 

NTKl.I.A.  See  Sr  ah. 

STtlN'rOUOl’HONIC  TaAc,  a peaking  trumpet,  or 
lube  employi'vl  to  speak  to  a |HTs*>n  ut  n great  distance. 
It  has  been  so  cuMcd  frum  Stentor,  n person  meniiuiK  ti  in 
thua5tli  book  of  the  Iliad,  who,  as  Homer  tells  us,  could 
call  out  louder  than  50  men.  With  the  celebrated  Men- 
toropbomc  iiorn  of  Alexander  the  Great,  it  is  said,  be 
could  give  orders  to  his  army  at  the  distance  of  Iw^tadiu, 
which  is  about  \'Z  Knglish  miles. 

i hepresent  speaking  tnunpi  t,  it  is  said,  was  invented  by 
VoL.II. 


Sir  Samuel  Moreland.  But  DeA«m,  in  bis  Physico-Thco- 
logy,  lib.  4,  chup,  3,  says,  that  Kircher  found  out  this  in- 
strument 20)curs  before  Moreland, and  pubiislu-d  it  in  his 
Mesurgia;  and  it  is  fuilher  said  dial  Gn»par  ^x'hottl]s 
had  seen  one  at  the  Jesuits’  College  ui  Rome.  Abo  one 
Conyers,  in  the  Pbilos.'l’runs.  No.  141,  gives  a di  vcription 
of  an  instrument  of  this  kind,  ddh  rent  Irom  com- 
monly made.  Gravc^andc,  in  hts  Philosophy,  disapproves 
of  the  usual  figurt's  of  these  instrumenth ; he  wouUl  have 
them  to  be  parabolic  Cpnoids,  with  the  tocua  ot  om*  of  its 
parabolic  sections  at  the  mouth.— Cojicerning  this  instru- 
nu  nt,  see  Sturray’s  Collegium  Curio'Um,  Pt.  2,  'ienum.  8; 
afso  Philos.  Trans,  vol.  {>,  pa.  305(>,  vol  12.  pa.  J0.7, 
STEREOGUAPHIC  Projcclionof  tfiC  Spit'.ni  tv  that  in 
which  the  eye  is  supposed  to  be  placed  in  the  suilace  of 
the  sphere.  Or  it  is  the  projection  of  the  circles  of  the 
splicie  o/i  the  plane  of  some  one  great  circle,  when  liio 
eye,  or  a luminous  point,  is  placed  in  the  pole  of  that  cir- 
cle.—For  the  fumJamcntuI  principles  and  chief 'prupe^'lics 
uf  this  kind  of  projection,  see  Projection. 

STEREOGRAPH  V,  is  the  art  ofdrawingihc  forms  of 
solids  upon  a plane.  ^ 

SThVIN,  Stevinus  (SimoA),  a Flemi^  maihemati*. 
cian  of  Bruges,  who  died  in  1633.  He  w as  muster  of  ina- 
ihcmatics  to  prince  Maurice  of  NasNau,  and  impe-clor  of 
the  d)ke5  in  Holland.  It  is  said  be  was  the  inventor  of 
the  sailing  chariol^,  sometimv#  made  use  of  in  Holland. 
He  was  a good  practical  mathematician  and  nicchanist, 
and  was  author  of  srveml  useful  works:  as,  treatises  on 
Arithmetic,  Algebra,  Geometry,  Statics,  Optics,  Trigono- 
metry, Geography,  Astronomy,  Fortification,  and  many 
others,  in  the  Dutch  language,  which  were  translatcil  into 
Lafiti,  by  Snellius,  and  printed  in  2 volumes  folio.  Th«  rc 
are  also  two  editions  in  the  French  language,  in  folio,  both 
printed  at  Lcydrn,  the  one  in  IfiOS,  and  the  other  in  1034, 
with  curious  notes  and  additions,  by  x\ibcr(  Girard.— For 
n pariicuiar  account  of  Sievin’s  inventions  and  iniprovc- 
mcniv  in  Algehm,  which  were  many  and  ingenious,  kc 
our  article  Algebra,  vol.  1,  pa.Si). 

STEWART  (the  Rev.  Dr.  Matthew), late  professor  of 
mathematics  in  the  university  of  Fdinhurgh,  was  the  snn 
of  the  n verend  Air.  Dugald  .Stewart,  minister  of  Roilisay 
in  the  Isle  of  Bute,  and  was  born  at  that  place  in  the  year 
1/17.  After  having  finished  his  course  at  the  grammar 
school,  being  inlcndc'd  by  bis  father  furthe  church,  he  was 
sent  to  the  ttniversity  of  Glasgow,  and  was  ciitrrvd  there  as 
a student  in  1734.  His  academical  studies  were  prose- 
cuted with  diligence  and  success;  and  he  was  so  h.ippy  ns 
to  he  particularly  distinguished  by  tbc  friendship  of  Dr. 
Hutcheson,  and  Dr.  hims<*n  the  celebratiid  g^'ometnemn, 
under  whom  he  made  great  progress  in  that  scirnre. 

.Mr.Stewurt’s  views  made  it  necessary  for  him  to  attend 
the  Irciurrs  in  the  university  of  Edinburgh  in  1741  ; and 
thnt  his  mathematical  stnduT  might  sutler  no  intDriu)v(ion, 
he  wav  imruduced  hy  Dr.  Siinvon  to  Mr.  Maclnunu,  who 
was  then  teaching  w ith  so  much  succor,  both  the  geome- 
try and  the  philosophy  of  Newton,  nnd  under  whom  Mr. 
Stewart  made  ihut  proficiency  which  was  to  be  expected 
from  the  abilities  ufsuch  a pupil,  din  cKxl  by  thoH'  of  so 
great  a master.  Bui  the  mcKlein  analysis,  evin  when  thus 
pmveffully  recomiw  nded,  was  not  able  to  « Uhdrau  his  at- 
lenimn  Irom  the  relish  of  the  ancient  getiinplry,  winch  be 
had  imbibed  under  Dr. Simson.  lie  slill^kept  up  a regu- 
lar corrcspi.ndtncc  with  this  gentleman,  giving  Liman  ac- 
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count  »r  hi«  pfogrmt  an^  of  hit  ditcnvcrict  in  gromclryt 
which  wctv  how  both  numt-ruus  find  important,  and  re- 
ceiving in  return  rnnny  curious  communications  with  re- 
spect to  the  !>>ci  Plnrti,  and  the  Porims  ul  Kuclid.  Mr. 
Stewart  pur^sued  this  latter  subject  .m  a ditTcrvnt  and  new 
direction.  In  doing  which,  he  was  IrJ  to  the  discovery  of 
those  curious  and  inlerwting  propositions,  which  were 
published,  under  the  title  of  General  Theorems,  in  I74fi. 
Thev  were  given  withoutthe  demonstrations;  but  did  not 
4>i  to  place  their  discoverer  at  oi>ce  among  the  gef>melri* 
ciaiis  cf  the  rank.  They  are,  for  the  most  part,  po- 
rismi,  though  Mr.  Stewart,  careful  not  to  anticipate  the 
discoveries  o4’  his  fTlrnd,gave  iheiu  only  the  n:'me  oHlico- 
rems.  'I’bey  are  among  the  most  beautiful,  us  well  as 
tno-ji  gencTjil  proposjfioiii,  known  in  the  whole  com{>a&s  of 
geometry,  ami  arc  perhaps  only  t’C|uailed  by  the  remark- 
able locos  to  the  circle  in  the  secomi  book  of  Apulli>mui, 
or  by  the  celebrated  theorem  of  Mr.Cotes. 

Siirb  IS  the  history  of  the  invention  of  these  proposi- 
tions ; and  the  (»ccnsion  of  the  publication  oftlieiu  was  as 
follows.  Mr.  Stewart,  while  engaged  iu  them,  had  entered 
into  the  church,  and  become  minister  of  Roseneath.  It 
was  in  that  retired  and  romantic  situation,  that  he  disco- 
vered the  greater  pan  of  those  theumns.  In  the  summer 
of  i/40',  the  niathematica)  chair  in  the  university  orKdin- 
burgh  became  vacant,  by  the  death  of  Mr.  Mocluurin. 
I'he  General  'I'heorems  had  not  yet  appeared  ; Mr.  Slew- 
art  was  known  only  to  his  friends;  and  the  eyes  of  the 
public  were  naturally  turne<l  on  Mr.  Stirling,  who  then 
resided  at  Leadhills,  and  who  was  well  known  in  the  ma- 
thematical wnrid.  He  however  declined  appearing  as  a 
Candidate  for  the  vacant  chair;  and  sevcnil  others  were 
named,  among  whom  was  Mr.  Siewnrt.  On  this  occasion 
he  printed  the  General  Theorems,  which  gave  their  author 
a decided  supt^rinrity  ab^>ve  all  the  other  candidates.  He 
was  accordingly  elected  professor  of  mathematics  io  the 
university  of  Edinburgh,  in  September  1747. 

The  duties  of  this  office  gave  a turn  somewhat  difTcrent 
to  bit  mathematical  pursuits,  and  led  him  to  think  of  the 
roost  simple  and  elegant  means  of  explaining  those  diffi- 
cult propositions,  which  were  hitherto  only  accessible  to 
men  deeply  versed  in  the  modern  analysis.  In  doing  this, 
he  was  pursuing  the  object  which,  of  all  others,  he  most 
ardently  wished  to  attain,  vis,  the  application  of  geometry 
to  such  problems  as  (he  algebraic  calculus  alone  had  licen 
thought  able  to  resolve.  His  solution  of  Kepler’s  problem 
was  (he  first  specimen  of  this  kind  w'hich  he  publi^lieii; 
and  it  was  perliaps  impotsible  to  have  protiuced  one  more 
to  (be  credit  of  the  method  he  followt-d,  or  qf  the  abilities 
with  which  he  applied  it.  Among  the  excellent  solutions 
hitherto  given  of  this  famous  problem,  there  were  none  of 
them  at  once  direct  in  its  metkbd,  and  simple  in  its  prin- 
ciples. Mr.  Stewart  was  so  happy  as  to  attain  both  these 
objects.  He  founds  his  solution  on  a general  property  of 
curves,  which,  though  very  simple,  had  perhaps  never  ^en 
observed ; and  by  a most  ingenious  application  of  that 
property,  be  shows  how  the  approximation  may  be  con- 
tinued to  any  degree  of  accuracy,  in  a series  of  results 
which  converge  with  great  rapidity.  ' 

This  solution  appeared  in  the  second  volume  of  the 
Essays  of  the  Philovophical  Society  of  Edinburgh,  for 
the  year  ITW).  In  the  first  volume  of  the  same  collec- 
tion, there  are  some  other  propositions  of  Mr,  Stewart's, 
which  arc  an  extension  of  a curious  theorem  in  the  4th 


b<K>k  of  Pnppus.  They  have  a relation  to  the  subject  of 
Porisins,  and  one  of  them  forms  the  91st  of  Dr.  honsun's 
Kestoratiuii. 

It  has  been  already  mentiuneii,  that  Dr.  Stownrt  had 
forrai'd  the  plan  of  introducing  into  the  higher  pnrtn  of 
mixed  maihemalics',  (lu*  stri(‘t  and  simple  form  of  uiicicnt 
dcmoiistTMtiDO.  'I'he  pmstcuiion  uf  this  plan  produced 
the  'I'racts  Physical  and  Mathematical,  which  were  puli-' 
lished  in  I7ul.  In  the  first  of  these.  Dr.  Stewart  lavs 
down  the  doctrine  of  Ci'ntri|>e(al  I'orces,  in  a scries  uf  pro- 
positions, deiuonsirutcd  (if  wc  admit  the  quadrature  of 
curves)  with  the  utmost  rigour,  and  requiring  no  previ- 
ous knowledge  uf  the  maiheinutics,  except  i.he  elements 
of  plane  Geometry,  and  of  Cnnic  Sections.  The  good 
order  of  ihew  propositions,  added  to  the  clearness  and 
•implicity  tlie  Uemoiistratiuiis,  rimders  this  tract  per- 
haps the  best  eU  im-iitary  treatise  of  Physical  Astronomy 
that  is  any  where  to  be  found. 

In  the  three  remaining  tracts,  out  author  had  it  in  view 
to  determine,  by  the  same  rigorous  method,  the  effect  of 
those  forces  which  disturb  the  motions  of  a secondary 
planet.  From  this  lie  proposc'd  to  deduce,  not  only  a 
theory  of  the  moon,  but  a delormmation  of  (he  suns  dis- 
tance from  the  earth.  The  former,  it  is  well  known,  is 
tiic  most  difficult  subject  to  which  mathematics  have 
been  applied,  and  the  resolution  required  and  merited  all 
the  clearness  and  simplicity  which  our  author  possessed 
in  so  eminent  a degree.  It  must  be  regretU'd  therefore, 
that  the  d(*c|inc  of  Dr.  Stewart’s  health,  which  began  soon 
after  the  publication  of  the  tracts,  did  not  permit  him  to 
pursue  this  investigation. 

The  other  object  of  the  tracts  was,  to  determine  the 
distance  of  the  .sun,  from  his  elTect  in  disturbing  the  mo- 
tions of  the  moon;  and  Dr. S.’s  inquiries  into  the  lunar 
irregularities  had  furnished  him  with  ibe  means  of  ac- 
coffiphfthiiig  iu  * 

The  theory  of  the  composition  and  resolution  of  forces 
enables  us  to  determine  what  part  of  the  solar  force  is 
employed  in  disturbing  (he  motions  of  the  moon;  and 
therefore,  could  wc  measure  the  instantaneous  cffict  of 
that  force,  or  the  number  of  feet  by  which  it  accelerates 
or  retards  the  moon’s  motion  in  a second,  we  should  be 
able  to  determine  hrrw  many  feet  the  whole  force  of  the 
snn  would  make  a body,  at  (he  distance  of  (he  moon,  or 
of  (he  earth,  descend  in  n second  of  lime,  and  conse- 
quently how  much  the  earth  is.  in  every  instant,  turned 
out  of  its  rcciiiinenl  course.  Thus  the  curvature  of  the 
earth’s  orbit,  or,  which  is  the  same  thing,  the  radius  of 
that  orbit,  that  is,  the  distance  of  the  sun  from  the  earth, 
would  be  determined.  But  the  fact  is,  that  the  instanta- 
neous effects  of  the  sun’s  disturbing  force  are  too  minute 
to  be  measured ; and  that  it  is  only  the  effect  of  that 
force,  continued  for  an  entire  revolution,  or  some  codbi- 
derablc  portion  of  a revolution,  which  astronomers  are 
able  to  observe. 

There  is  yet  a greater  difficulty  which  eiqba misses  the 
solution  of  this  problem.  For  as  it  is  only  by  the  dif- 
ference of  the  forces  exerted  by  the  sun  on  the  earth  and 
on  the  moon,  that  the  motions  of  the  latter  are  disturbed, 
the  farther  off  the  sun  is  supposed  to  be,  the  less  will  be 
(he  forct  by  which  he  disturbs  the  moon’s  inolioiis;  yet 
that  force  will  not  diminish  beyond  a fixed  limit,  and  a 
certain  disturbance  would  obtain,  even  if  tho  distance  of 
the  sun  were  infinite.  Now  the  sun  is  actually  placed  at 
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io  great  a distance!  that  all  the  disturbances,  which  be 
produces  on  the  lunar  moiions,are  eery  near  to  this  limit, 
and  therefore  a small  mistake  io  estimating  their  quan- 
tity, or  in  reasoning  about  them,  may  give  the  distance 
of  the  sun  infinite,  or  even  impossible.  But  all  this  did 
not  det<‘r  Or.  Stewart  from  Uisdertukmg  the  solution  of 
the  problc-m,  with  no  «>ther  assistance  than  that  which 
geometry  could  afford.  Inde<*d  the  idea  of  such  a pro* 
blem  had  first  occurred  to  Mr.  Macliin,  who,  in  his  book 
on  the  laws  of  the  muon's  motion,  has  just  nieriiioncd  it, 
and  given  the  result  of  a rude  calculation  (the  method  of 
which  he  does  not  explain),  whttli  assigns  8'^  for  the 
IMrallax  of  the  sun.  He  made  use  of  the  motion  of  the 
nodes;  but  Dr.  iStewart  considered  the  motion  of  the 
apogee,  or  of  the  longer  axis  (»f  the  moon's  orbit,  as  the 
imyularity  bestadapted  to  his  pur|)os«;.  it  is  well  known 
that  the  orbit  of  the  moon  is  not  immoveable ; but  that,in 
consequence  of  the  disturbing  force  of  the  sun,  the  longer 
axis  of  that  orbit  has  an  angular  motion,  by  which  it 
govs  back  about  3 degri'es  in  every  lunation,  and  com* 
plelfs  an  entire  revolution  io  years  nearly.  This  mo* 
tion,  thouith  very  remarkable  and  easily  determined,  has 
the  vanic  fault,  with  n-spi-ct  to  the  present  problem,  that 
was  ascrib<‘d  to  the  other  irregularities  of  the  moon:  for 
a very  small  part  of  it  only  depends  on  the  parallax  of 
the  sun  ; and  of  this  Ur.  Stewart  seems  not  to  hatx*  b<‘eo 
perfectly  pware. 

The  propositions  however  which  defined  the  relation 
between  the  sun's  distance  and  the  mean  motion  of  the 
apug<v,  were  published  among  the  tracts,  io  1761.  I'hc 
transit  of  Venus  happt*ned  also  in  that  year:  and  the  as- 
tronomers returned,  who  had  viewerl  that  curious  pheno* 
menon,  from  the  mosrdistant  stations;  and  no  very  sa* 
tislaclory  result  was  obtained  from  a comparison  of  their 
obaervations.  Dr.  Stewart  then  resolved  to  apply  the 

finncipUn  he  had  already  laid  down  ; and,  in  176j,  be  pub* 
ished  bis  essay  on  the  Sun's  Distance,  where  the  compu* 
lation  being  actually  made,  the  parallax  of  the  sun  wus 
found  to  be  no  more  than  and  consequently  bis  dis- 
tance almost  29875  semidiameters  of  the  earth,  or  nearly 
119  millions  of  miles. 

A deterromation  of  the  sun's  distance,  that  so  far  ex- 
ceeded alt  former  estimations  of  it,  was  received  with  sur- 
prise, and  the  reasoning  on  which  it  was  founded  was 
likely  to  undergo  m severe  examination.  But,  even  among 
astronomers,  it  was  not  every  one  w ho  could  judge  in  a 
matter  of  »uch  difficult  discussion.  Accordingly,  it  was 
not  till  ab^>ut  6 years  after  the  publication  of  the  sun's 
distance.  tliHt  there  appeared  a pamphlet,  under  the  title 
of  Four  Bropositiuna,  intended  to  point  out  certain  errors 
in  Dr.  Stewart’s  invesligulion,  which  had  given  a result 
much  greater  than  the  truth.  Tn>m  his  desire  of  vimpit* 
fying,  and  of  employing  only  the  geometrical  method  of 
reas<ining,  he  was  reduced  to  the  necessity  of  rejecting 
quantities,  which  were  considerable  enough  to  have  u 
great  effect  on  the  last  result.  An  error  was  thus  intro- 
duced, which,  had  it  not  bwi  for  certain  compensations, 
would  have  become  immediately  obvioui,  by  giving  the 
sun’s  distance  near  three  tiroca  at  great  as  that  which  has 
been  mentioned. 

The  author  of  the  pamphlet,  referred  to  above,  was  the 
first  who  lemarked  the  dangerous  nature  of  these  simpli- 
fications, and  who  attempted  to  estimate  the  error  to  which 
they  diad  given  rise.  This  author  remarked  what  pro- 


duced the  compensation  above  mentioned,  vii,  the  im- 
mense variation  of  the  sun’s  distance,  which  correspoiuis 
to  a very  small  variation  of  the  motion  of  the  moon’s 
apogee.  And  it  is  but  justice  to  acknowledge  that,  be- 
sides being  just  in  the  points  already  mentioi^,  they  are 
very  ingcunous,  and  written  with  much  m«Niesty  and  good 
temper.  The  author,  wlio  at  first  concealed  bis  ntune, 
but  has  now  consented  to  its  being  made  public,  was  Mr. 
Dawson,  a surgeon  at  SetIUrg  in  Vorkshire,  and  one  of 
the  most  ingenious  matlieiiiuiicians  aud  philubupheis  ibis 
country  now’possesscs. 

A second  attack  was  soon  after  this  made  on  the  Sun’s 
Distance,  by  Mr.  l.andeii;  but  by  no  nuans  wiib  the 
same  good  temper  which  has  been  remarked  in  the  former. 
Me  fancied  lu  himself  errors  in  Dr.  Stewart's  invi-stign- 
liuti,  which  have  no  existence;  he  exaggerated  ihi»se  ihni 
were  real,  and  sn-med  to  triumph  in  the  di>cuvery  of 
them  with  unbccomtiig  exultation.  If  there  are  any  sub- 
jects oil  which  mi’n  may  be  expected  to  reason  di9pa>- 
siunately,  they  are  certainly  the  properties  of  mifuberand 
extensHin;  and  wlwitever  pretexts  moralistsor  divines  may 
have  lor  abusing  one  ani»iher,  mathematicians  can  lay 
claim  lu  no  such  indulgence.  The  asperity  of  Mr.  Ijin- 
dcij's  animorlveisioiu  ought  not  therefore  to  pass  uricen- 
sured,  though  it  be  united  with  sound  rcastmingand  accu- 
rate discussion.  But  Mr.  Laiiden,  in  the  seal  of  correction, 
brings  many  other  charges  against  Dr.Stewart,  the  greater 
partof  which  seem  to  have  no  good  four>dalion.  5uch  are 
his  objccirons  to  the  second  part  of  ibe  investigation,  where 
Dr.Biewnrt  finds  the  relation  between  the  disturbing  force 
of  the  sun,  and  the  motion  of  the  apses  of  the  lunar  orbit. 
Forlhift|iart,  instead  of  b<‘ing  liable  toobjcciion,  is  des4  rving 
of  the  greatest  praise,  since  it  resolves,  by  geometry  aloru*, 
8 problem  which  had  eluded  lha  efforts  of  some  of  ihc 
ablest  iiiaihematicians,  even  when  tin  y nvailcd  themndves 
of  the  utmost  resources  of  the  iniegral  calculus.  Sir  Isaac 
Newton,  thougii  he  assumed  the  disturbing  force  very 
near  the  truth,  computed  the  motion  of  the  apse*  from 
thence  only  at  one  half  of  what  it  really  amounts  U>;  so 
that,  had  be  been  re<ju(re<l,  like  Dr.Stewart,  to  invert 
the  problem,  he  would  have  commitlvd  an  error,  not 
qnerely  of  a few  thousandth  parts,  hs  the  latter  is  alleged 
to  have  done,  but  would  have  brought  out  a rt*sult  double 
of  the  truth.  (Brincip.  Math;  lib.  3.  prop.  3.)  Machin 
and  Caliendrini,  when  commenting  on  this  part  of  the 
Principia,  found  a like  inconsistency  between  their  llicuiy 
and  observation.  Three  other  ceh  bralcd  mathemaiictans, 
Ciairaut,  Dalembcri,  and  Euler,  severally  ex|H‘rienced  the 
same  dilHcullics,  and  were  led  into  an  error  6f  the  same 
magnitude.  It  is  true,  that,  on  n^suming  ihcir  computa- 
tions they  found  that  they  bad  not  carried  their  approxi- 
mations (o  a sufficient  length,  which  when  they  had  at 
last  arcomplivbcd.  their  results  agreed  exactly  with  ob- 
servation. Mr.  Walmsley  and  Dr. -Stewart  were,  1 think, 
the  first  nialberoaticians  who,  em)>loying  in  the  solution 
of  this  difficult  problem,  the  one  the  algebraic  calculus, 
and  the  other  the  gci>reeincal  method,  were  led  imme- 
diately to  ih9  truth  ; a circumstance  so  much  fur  the 
honour  of  bi»th,  that  it  ought  not  to  be  forgotten.  It 
was  the  bu>irM-v>  of  an  impartial  critic,  while  hcexaminix) 
our  author's  ri^Minings,  to  have  reuiaiked  and  to  have 
weighed  lhi‘se  considerations. 

The  Sun's  Distance  was  the  lust  work  which  Dr.  Stew  art 
published;  and  though  he  lived  to  h‘c  the  aniiuadvvmiuns 
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made  on  it»  that  have  been  taken  notice  of  above,  he  dc- 
clrntnl  entering  into  any  controversy.  HiadUposition  mus 
far  from  [Niicntical ; and  he  knew  the  rnlue  of  that  quiet, 
which  a liivrary  nmn  should  rarely  sufiW  hU  antagoiii>U 
to  interrupt,  lie  u»i-d  to  say,  that  the  decision  of  the 
iiuiiit  in  question  was  now  before  the  public ; that  if  his 
}nv(sti;4alion  was  right,  it  would  never  be  ovoi turned,  and 
that  il  it  was  wrong,  it  ought  not  to  be  defended. 

A few  muiuhs  bc'fure  he  published  the  Essay  just  inen- 
tionini,  he  gave  to  the  world  another  work,  cmitU'd  Pro- 
pu'itinnrs  Mure  Vel^rum  Denioiistratx.  It  consists  of  a 
serii'S  of  geometncal  theorems,  mostly  new  ; investigated, 
lirst  by  an  analysis,  und  afterwards  syntlKticaliy  demon- 
strated by  the  inversion  of  the  same  analysis.  This  me- 
thod made  an  irn]Hirlant  part  in  the  analysis  of  the  aucient 
geometricians;  but  few  exampU-s  of  it  have  brm  pre> 
served  in  their  writings,  and  ihuse  in  the  Propo:>}(iuncs 
Oeometrica!  arr  therefore  the  more  valuable. 

Dr.  Stewart's  constant  use  of  the  geumctrical  analysis 
had  put  him  in  posst'ssiun  uf  many  valuable  prufmsiliuns, 
which  did  not  enter  into  the  plan  uf  any  of  the  works  that 
have  been  enumerated.  Of  iht'sr,  nut  a few  liuvc  found 
a place  in  the  writings  of  Dr.  Simson,  where  they  w ill  for 
ever  remain,  to  mark  the  friendship  of  these  two  mathe- 
maticians, and  to  evince  the  cstirm  which  Dr.  Sinisuti 
entert.'tined  for  the  abilitii's  of  his  pupil.  Many  of  these 
are  in  the  work  upon  the  Purisms,  and  others  in  the  Conic 
Sections,  viz,  marked  with  the  tetter  jr;  also  a theun'm 
in  the  edition  of  KuclicPs  data. 

Soon  after  the  publication  nf  the  Sun's  Distance,  Dr. 
Stewart's  health  Wgan  to  decline,  and  the  duties  of  his 
office  became  burdensome  to  him.  In  the  year  I775»  he 
retired  to  the  country,  where  he  afterwards  spent  the 
greater  part  of  bis  life,  and  never  resumed  bis  labours  in 
the  university.  He  was  however  so  fortunate  as  to  have 
a son  to  whom,  though  very  young,  he  could  commit  the 
care  of  them  with  the  grrMtest  confidence.  Mr.  Dugald 
Stewart,  having  begun  to  give  lectures  for  his  father  from 
the  period  above-mentioned,  was  elected  joint  profes- 
sor with  him  in  I775»  and  gave  an  early  specimen  of 
those  abilities,  which  have  not  been  confined  to  a single 
icience. 

After  mathematical  studies  (on  account  of  the  bad  state 
of  health  into  which  Dr.  Stewart  was  falling)  had  c(*ased 
to  be  his  business,  they  continued  to  be  his  amusement. 
The  analogy  between  the  circle  and  hyperbola  had  been 
an  early  object  of  his  admiration.  The  extensive  views 
which  that  analogy  is  continually  opening;  the  alternate 
appt'anince  and  disappearance  of  rrsembiance.  in  the 
midst  of  so  much  dissinnlilude,  make  it  an  object  that 
Bsl(»nishes  the  experienced,  as  well  as  the  young  geome- 
trician. To  the  consideration  of  lh<s  analogy  therefore 
the  mind  of  Dr.  Stewart  very  naturally  returned,  when 
disengaged  from  other  speculations,  llis  usual  success 
Siiir  attended  his  investigations;  and  he  has  left  among 
his  papers  some  curious  approximations  to  the  areas,  both 
of  the  circle  and  hyperbola.  For  some  years  toward  the 
end  of  his  life,  his  health  scarcely  allowed  him  to  prrne- 
cute  study  even  as  an  amusement.  He  died  the  *.7$d  of 
January  1785,  at  68  yc:irx  of  age. 

The  habits  of  study,  in  a man  nf  orrg^al  genius,  arc 
objects  of  curiosity,  and  desiTvC  to  be  rvmembeml.  ('on- 
ceriiing  those  of  Dr.  Stewart,  his  writings  have  made  it 
unnecessary  to  remark,  that  from  his  youth  he  hud  been 


accustomed  to  the  most  intense  and  continued  applicn- 
lioti.  In  cons<x|uencH>  of  this  applicatiuii,  added  to  the 
natural  vigour  uf  his  mind,  he  reiamed  the  memory  of  bis 
discoveries  in  a manner  that  will  hardly  be  Mk-ved. 
He  seldom  w rote  down  any  of  bis  investigutiun>>.  till  il  be- 
came necessary  to  do  so  for  the  pur{M»ve  of  publication. 
When  he  discovered  any  proposition,  be  wuuld  svi  down 
the  enunciation  with  great  accuracy,  und  nn  the  same 
piece  of  paper  would  construct  very  neatly  the  figure  to 
which  it  rclerred.  To  these  he  trusud  for  recalling  to 
his  mind,  at  any  future  (seriud,  the  deinunsiratioii,  or  the 
analysis,  however  complicated  it  might  be.  K.\perience 
had  taught  him  that  he  might  place  this  confidence  in  him-* 
self  without  any  danger  of  dinp{>umlment ; ami  for  this 
singular  power,  he  w as  pmbably  more  indebted  to  the  ac- 
tivity of  his  invention,  than  to  the  mere  tenaciuusness  of 
his  memory. 

Though  Dr.  Stewart  was  extremely  studious  he  read 
but  fe%v  books,  and  thus  veritiod  the  ob^-rvatum  of  Dalem- 
bert,  that,  of  all  the  men  of  letters,  luatheiualicians  read 
least  uf  the  writings  of  one  another*  Our  author'^  own 
investigations  occupied  him  suflick-nily  ; and  indt  ed  the 
world  would  have  had  reason  to  regret  the  misappheaiion 
of  his  talents,  hud  he  empluyed,  in  the  mere  acquisition 
of  knuwlerigo,  that  time  which  he  cuuld  dedicate  to  works 
of  invention. 

h was  Dr.  Stewart's  custom  to  spend  the  summer  at 
a delightful  retreat  in  Ayrshire,  where,  after  the  acadi- 
luical  labours  of  the  winter  were  end<*d,  hr  found  the 
leisure  necessary  fur  the  prosecution  uf  his  rest'archrs. 
It!  his  way  thllhcr,  he  often  made  a visit  to  Dr.Sinison  of 
Glasgow,  with  vvhom  hr  had  lived  from  his  youth  in  the 
nfost  curdiai  and  uninterrupted  fri<  nd»hip.  It  wa-s  pleas- 
ing (o  observe,  in  these  iwuexceUenl  mathematicians,  the 
most  perfi'Ct  t'sterni  and  affection  fori'ach  uifirr,  and  the 
most  entire  .absence*  of  jealousy,  though  no  two  men  ever 
Irmle  mure  nearly  in  the  ^me  path.  The  similitude  of 
their  pursuits  served  nnty  to  rndc*ar  them  to  each  other, 
os  It  will  ever  do  with  men  »u|>erior  to  envy.  Their  sen- 
timents and  views  of  the  scionrre  they  cultivated,  were 
nearly  the  same ; they  were  both  profound  geometricians ; 
they  equally  admind  the  ancient  mathematinuns.  and 
were  equally  versed  in  their  methods  of  investigation  ; 
and  they  were  both  apprehensive  that  the  bc'auty  of  their 
favourite  science  would  be  forgotten,  for  the  less  elegant 
methods  of  algcbniic  computation.  This  innovation  they 
endeavoured  to  oppfsse;  the  one,  by  reviving  th««se  books 
of  the  ancirnt  geometry  which  were  lost;  the  other,  by 
extending  that  geometry  to  the  m(»st  diOictilt  inquiries  of 
the  moderns.  Dr.  Stewart,  in  particular,  had  remarked 
the  intricacies,  in  which  many  of  the  greatest  uf  the  m<»- 
dern  mathematicians  had  involved  tiu-mselves  in  the  ap- 
plication of  the  calculus,  which  a little  aticiition  to  the 
ancient  geometry  vvould  certainly  have  enabled  them  to 
avoid.  He  had  observed  bxi  the  eiccani  sytiihetical  de- 
monstrations that,  on  many  occasions;  may  be  given  of 
the  most  difiicuU  propositions,  investigated  by  tbcinvcrso 
method  of  fluxions.  These  circumstances  had  perhaps 
made  a stronger  impnssiun  than  they  ought,  on  u mind 
already  filled  with  admiration  of  the  ancient  geomeu-y, 
and  prixluced  too  unfavourable  an  opinion  of  the  modern 
analysis.  Hut  if  it  be  confessed  that  Dr.  Stewart  raKil, 
in  any  respect  too  Ikgh,  the  merit  of  the  former  of  the>e 
sciences,  this  may  well  be  excused  in  the  man  whuin  it 
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hjul  coniluclfd  to  the  diwovery  of  the  Gonoral  Theorem^ 
to  th<*  solution  Of  Kepler’s  t^roblfin,  ami  to  an  accurate 
determination  of  the  Sun’s  disturbiii"  force.  Ills  great 
niodi>aty  made  hint  ascrilje  to  the  method  he  used,  that 
success  which  he  owed  to  his  oun  abilitiix*. 

The  fon*going  account  of  Dr,  Stewart  and  his  writings, 
is  cliii'Hy  cxti  acted  from  the  learne  d history  of  them,  by 
Mr.  I’layfair,  in  the  1st  volume  of  the  Edinburgh  Philo- 
sophical Transactions  pn«  67»  &c. 

STIFEL,  Stipelius  (MiciiabO,  a Protestant  mi- 
nister, and  very  skilful  mathematician,  was  born  at  I’.a- 
lingcn,  a town  in  fJermany;  and  died  at  Jena  in  Thu- 
ringia, in  the  yrar  1567,  at  58  years  of  agc’according  to 
Vossius,  but  some  others  say  80.  Stifcl  was  one  of  the 
best  mathematicians  of  his  time.  He  published,  in  the 
German  language,  a treatise  on  Algebra,  and  another  on 
the  Calendar  or  Ecclesiastical  computation.  But  his 
^ chief  work,  is  the  Arilhmelica  Integra,  a complete  and 
excellent  treatise,  in  laitin,  on  arithmetic  and  algebra, 
printotl  in  4to  at  Norlmberg  1544.  In  this  work  there 
arc  a number  of  ingenious  invention',  both  in  common 
arithmetic  and  in  algebra;  of  which,  thos4'  relalmg  to  the 
latter  are  amply  explained  under  the  article  Algebra 
in  this  dictionary,  vol.  I.;  to  which  may  be  added 
some  paiti(‘ulars  concerning  the  arithmetic,  from  the  first 
volume  *of  my  Tiaclsr  pa.  201,  Sec.  In  this  original 
work  an*  contuinefl  many'  curious  things,  some  of  which 
have  inistakingly  been  ascribed  to  a much  laterdale.  He 
here  treats  pretty  fully  and  ably,  of  progn’ssiunal  and 
liguraie  numbers,  and  in  particular  of  the  triangular 

l.-ible,  for  constructing  both  thorn  and  the  ctM-fficirnts  of 
the  leritis  of  nil  powers  of  a biin'mial ; which  has  been  so 
often  u»ed  since  hi*  tune  for  these  and  other  purposes, 
and  which  more  than  n century  after  was,  by  Pascal, 
otherwise  called  the  Arithmetical  Triangle,  and  who  only 
mentioned  some  udiiiiional  properties  uf  the  table.  Siifel 
shows,  that  the  horizontal  lines  of  the  table  furnish  the 
coi'lficients  of  the  term*  of  the  corresponding  powers  of  a 
binomial ; and  teaches  how  to  make  use  of  them  in  tiie 
extracti<m  of  roots  of  all  poifers  whatever.  Cardan  sevn^s 
to  ascribe  the  invention  of  that  table  to  Stifehus;  but  I 
ap^irehend  that  is  only  to  be  understood  of  its  applica- 
tion to  the  exrraciiou  of  roots. 

It  is  remarkable  too,  how  our  author,  at  pa.  35  Sec  of 
the  s.iiiie  b'uik,  treats  of  the  nature  and  use  of  logarithms; 
m»t  undi  r that  name  indeed,  but  underihe  idea  of  a seric's 
of  arithmeticuK.  adapted  to  a scries  of  geometticaU.  He 
there  explains  ull  thnr  uses  ; such  us,  that  the  addition  of 
tlicm  answers  to  the  multiplication  of  their  geometricaU ; 
subtraction  to  division ; inuluplicalion  of  exponents  to 
involution  ; and  dividing  of  expmirnts  to  evolution.  He 
also  exemplifies  the  use  of  them  iii  cast's  of  the  Rulo-of- 
three,  and  in  finding  mean  proportionals  between  given 
terms,  and  such  like,  exactly  a*  i*  done  in  Uigarithms. 
So  that  he  seems  to  have  been  in  llie  full  possCksion  of 
tlic  idea  of  logarithm',  and  wanted  only  the  necessity  of 
troublesome  calculations  to  induce  him  to  make  a table 
of  such  numbers. 

''t  feli'js  wrote  also  pretty  largely  on  magic  squares. 

Stifel  was  a zcnhais.  thiHigh  weak  dt*ciple  <»f  Luther. 
He  took  it  into  his  head  to  become  a prophet,  and  be 
pmlicu'tl  that  the  end  of  the  world  would  happen  on  a 
certain  day  in  the  ycpr  1553,  by  which  be  terrified  many 
people.  When  (he  proposed  day  arrived,  be  repaiivd 
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early,  with  multitudes  of  his  feillowers,  to  a particular 
place  in  the  open  air,  spending  the  whole  day  in  the  most 
fervent  prayers  and  praises,  in  vain  looking  fur  the  coming 
of  the  Lord,  and  the  universal  conHagration  of  the  ele- 
ments, 5(c. 

STILE.  Sec  Style. 

sriLVAKD.  S,e  Steelyaud. 

M'OFLEU  (Joiix),  a German  mathematician,  was 
born  akJustingen  in  Suabiu,  in  1452,  and  died  in  1531, 
at  79  years  of  age.  He  taught  mathematics  at  Tubinga, 
where  he  acquired  a great  reputation,  which  however  he 
in  a gnat  mi-a'Ure  lust  again,  by  intei  meddling  with  iho 
prediction  of  future  events.  He  nnnuunced  a great  de- 
luge, which  he  said  would  bap|H‘ii  in  the  year  1524,  a 
prediction  with  which  he  terrilk'd  all  Germany,  where 
many  persons  prepared  vessels  proper  to  escape  with  fn*m 
the  floods.  But  happily  the  prediction  failing,  it  enraged 
the  astrologer,  though  it  served  to  convince  biro  of  the 
vanity  of  his  prognostications.— lie  was  author  dfstveml 
works  in  malhrmutiys  and  astrology,  full  of  foolish  and 
chimerical  ideas ; such  as, 

1.  Eluciilatio  Fabric.  Gsusque  Asirolabii  ; fol.  1513. 

2.  Procli  ^iph^^am  Comment,  fid.  154. 

3.  Cosmographica!  aliquot  Di'scnptiones;  4to,  1.137* 

. STONE  (Edmitko),  a respectable  mathematician, 
who  was  author  of  several  ingenious  works.  1 know  nut 
the  particular  place  or  date  of  his  birth,  but  it  was  pro- 
bably in  the  shire  of  Argyle,  and  towards  the  cuncludon 
of  the  17th  century.  Nor  have  wc  any  memoirs  of  his  life, 
except  what  arc  contained  in  a letter  from  the  Chevalier  do 
Uamsay,  author  of  the  Travels  of  Cyrus,  in  a letter 
father  Castcl,  a Jesuit  at  Paris,  and  published  in  the  ^fe• 
moires  de  Trevoux,  p.s.  I09,  as  follows;  **  True  genius 
overcomes  all  the  disadvantages  of  birth,  fortune,  and 
education;  of  which  Mr. Stone  is  a rare  example.  Bom 
a son  of  a gardener  of  the  duke  of  Argyle,  he  arrivt^  at  S 
years  of  age  before  he  learnt  to  read. — By  chance  a scr« 
vant  having  tau-^ht  yodng  Stone  the  letters  of  the  alpha- 
bet, ih<n>  neo(l«<l  notiiing  more  to  discover  and  expand 
bis  genius.  He  applied  himself  to  study,  and  be  arrived 
nt  the  knowledge  ot  the  most  sublime  geometry  and  ana-  ' 
lysis,  without  n master,  without  a conductor,  without  any 
other  guide  but  pure  geniu*. 

*1  At  18  years  of  age  he  had  made  these  considerable 
advances  without  being  known,  and  without  knowing 
himself  the  pnxligics  of  his  acquisitions.  The  duke  of 
Argyle,  who  joined  In  his  military  talents  a general 
knowledge  of  every  science  that  adorns  the  mind  of  a man 
nf  his  rank,  walking  one  day  in  his  gardi  n,  saw  lying  on 
the  grass  a loitin  copy  of  bir  Kane  Newton’s  celebrated 
Principia.  He  called  some  one  to  him  to  take  and  carry 
it  back  to  his  lihr.try.  Our  young  gardener  told  him  that 
the  book  belonged  to  him.  To  you  ? replied  the  Puke. 
Do  you  uiideistand  geometry,  Lalio,  Newton  f I know 
n little  of  them,  replied  the  young  man  with  an  air  of  sim- 
plicity arising  from  a profound  ignorance  of  his  own 
knowicilge  and  talents.  The  Duke  was  surprised;  and 
having  a tiistc  for  the  sciences,  he  entered  into  cnnverHa- 
tiun  with  the  young  njathematician ; he  asked  him  se- 
veral qm-stions,  and  was  astonished  at  the  force,  the  ac- 
curacy. and  the  canilour  of  his  answers.  But  bow,  said 
the  Duke,  rnme  'you  by  the  knowledge  of  ail  these 
things?  btone  replied,  A servant  taught  me,  ten  years 
since,  to  read:  docs  one  need  to  know  any  thing  more 


Digitized  by  Google 


S T O 


S T R 


C 1 


tbftn  the  letters  io  order  to  learn  every  thing  el*c  that 
one  wishes  > The  Duke’s  curiosity  retloubled^hrsat  down 
upon  a hanky  and  requested  a detail  of  all  his  proceedings 
in  becoming  so  learned. 

**  * I first  learned  to  read,  said  Stone  : the  masons  were 
then  at  work  upon  your  house  ; I went  near  them  one 
day,  and  1 saw  that  the  architect  used  a ruTe,  compasses, 
and  that  he  made  calculations.  I inquired  what  might 
be  the  meaning  of  and  use  of  these  things ; and  1 was  in* 
formed  that  there  was  a science  called  Arithmetic,  1 
purchased  a book  of  arithmetic,  and  1 leariK'd  it. — I was 
told  there  was  another  science  callerlGcomi  try  : 1 bought 
the  books,  and  I Itamt  geometry.  By  reading  1 found 
that  there  were  good  books  in  thcac  (wo  sciences  in  Latin : 

I bought  a dictionaty*,  and  1 learned  Latin.  1 understood 
also  that  there  were  good  books  of  the  same  kind  in 
French:  I bought  a dictionary,  and  1 learned  French. 
And  this,  my  lord,  is  what  1 have  done:  it  soeras  to  me 
that  we  may  learn  every  thing  w hen  wc  know  the  24  let- 
ters of  the  alphabet.* 

**  Ttiis  account  charmed  the  Duke.  lie  <lrcw  this  won- 
derful genius  out  of  bis  obscurity;  and  he  provided  him 
with  an  employment  which  left  him  plenty  of  lime  to 
apply  himself  to  the  sciences.  He  discovered  in  him  also 
the  same  genias  for  music,  fur  painting,  for  urchitccluro, 
for  all  the  sciences  which  depemd  on  calculations  and 
proportions. 

**  1 have  seen  Mr.  Stone.  He  is  a man  of  great  sim- 
plicity. lie  is  at  present  sensible  of  his  own  knowledge ; 
but  he  is  not  puffed  up  with  it.  He  is  possessed  with  a 
ure  and  disiriteresti'd  love  for  the  mathematics;  though 
c is  oot  solicitous  to  pass  fur  a mathematician;  vanity 
having  no  part  in  the  great  labour  he  sustains  to  excel  in 
that  science.  He  despises  fortune  also;  and  he  has  soli- 
cited me  twenty  times  t»  rcqu«*sl  the  duke  to  give  him  less 
empl^mciit,  which  may  not  be  worth  the  half  of  that  he 
now  nas,  in  order  to  be  more  retired,  and  less  taken  off 
from  his  favourite  studii*!.  He  discovers  sometimes,  by 
methods  of  bis  own,  truths  which  others  have  discovered 
before  him  ;*  and  he  is  charmed  to  find  on  these  occasions 
that  he  is  nut  a first  inventor,  and  that  others  have  made 
a greater  progre^ss  than  he  thought.  Far  from  being  a 
plagiary,  he  attributes  ingenious  soluliom:,  which  he  gives 
to  certain  probWms,  to  the  bints  lu’  has  found  tii  others, 
although  the  connexion  is  but  very  distant,"  &c. 

Mr.  Stone  was  author  and  translator  of  several  us«’ful 
works;  via,  A New  .Mathematical  Dictionary,  in  1 vol. 
8vo.  first  printed  in  172f>. 

2.  Fluxions,  in  1 vot  8vo.  1/30.  The  Direct  Method 
is  a translation  fiuni  the  French,  of  Hos[Mtars  Analyse 
des  Lifinimenis  Petits;  aud  the  Inverse  Method  wus  sup- 
plied by  Stone  bioixdf. 

3.  The  Elements  of  Euclid,  in  2 sols.  8vo,  1731.  A 
neat  and  useful  edition  of  this  work,  with  an  account  of 
ihe  life  and  writings  of  Euclid,  and  u defence  of  his  ele- 
ments aguin&t  modern  objectors. 

4 Dr.  Burrow's  Geometrical  Lectures,  translated  from 
the  Uiliu,  I vol.  8vo,  1735. 

Besides  other  smaller  works. 

Stone  was  a fellow  of  (he  Royal  Society,  and  bad 
inserted  in  the  Philos.  Trans,  (vol.  41,  pa.  218)  an  **  Ac- 
count of  two  species  of  lines  of  the  3>i  order,  not  men- 
tioned by  Sir  Isaac  Newton,  or  Mr,  Stirling.” 

Stoves,  A/e/eon'e,  certain  »cmi-mctalltc  masses  which 
sometimes  fall  from  the  atmosphere.  See  Aerolite 


STRABO,  a celebrated  Greek  geographer,  philosopher, 
and  historian,  was  horn  at  Amasia,  and  was  descended 
from  a family  settled  at  Gnossus  in  Crete.  He  was  tbi 
disciple  of  Xenarchus,  a Peripatetic  philosopher,  but  at 
length  attached  himself  to  the  Stoics.  He  contracted  a 
strict  friendship  with  ComcliusGallus,  governor  of  Egypt; 
and  travelled  into  several  countries,  to  observe  the  situa- 
tion of  places,  and  the  customs  of  nations. 

Strabo  flourished  under  Augustus;  and  died  under Ti« 
berius  about  the  year  25,  at  a very  advanced  agc.~Hc 
composi-d  several  works;  all  of  which  are  lost,  except 
his  Geography,  in  17  books;  which  are  justly  esteemed 
vdyy  precious  remains  of  antiquity.  The  first  two  books 
are  employed  in  showing,  that  (he  study  of  geography  is 
not  only  worthy  of  a philosopher,  but  even  necessary  to 
bim  ; the  3d  di'scribes  Spain ; the  4th,  Gaul  and  the  Bri- 
tannic isles;  the  5th  and  O'th,  Italy  and  the  adjacent  isles; 
the  7th,  which  is  im|ierfect  at  the  end,  Germany,  the 
countries  of  the  Getie  and  lllyrii,  Taurica,  Chersonesus,  * 
and  Epirus;  the  8th,  <)lh,  and  10th,  Greece  with  the 
neighbouring  isles ; the  four  following,  Asia  within  Mount 
I’aurus;  the  15th  and  I6th,  Asia  without  Taurus,  India, 
Persia,  Syria,  Arabia;  and  the  l/th,  Egypt,  Libiopia, 
Carthage,  aud  other  parts  of  Alrica. 

Strabo's  work  was  published  with  a Latin  version  by 
Xylander,  anJ  notes  by  Isaac  Camubon,  at  Pans  1()2U, 
in  folio ; but  a In'tte^  edition  is  that  of  Amsterdam  in 
1707,  in  2 volumes  folio,  by  the  leanied  'rbeodurc  Jauson 
of  Almeluoveen,  with  the  etiiiic  notes  of  Xylandcr,  Ca- 
saubon,  Meursius,  Cluver,  HoUu-n,  Salmasius,  Ihichart, 

Ea.  Spanheim,  C<-I)ar,  and  others.  To  this  edition  is  sub- 
joined the  Cbrestomathis,  or  F.pitome  of  Strabo;  which, 
according  to  Mr.  Dodswell,  who  has  written  a wry  elalM^- 
rate  and  learned  dissertation  about  it,  was  made  by  some 
unknown  person,  between  the  years  of  Christ  676  and 
9fK>.  It  has  been  found  of  some  use,  not  only  in  helping 
to  correct  the  original,  but  in  supplying  in  some  measure 
(he  defect  in  the  7th  book.  Mr.  DodswrlTs  dissertation 
is  prefixed  to  this  edition.  An  edition  has  lately  been 
published  at  Oxford. 

STRAIT,  or  Straight,  or  Streight,  in  Hydrogra- 
phy, U a narrow  channel  or  arm  of  the  sea,  shut  up  be- 
tween lands  on  either  side,  and  usually  affording  a pastege 
out  of  one  great  sea  into  another.  As  the  Straits  of  Ma- 
gellan, of  L.e  Maire,  of  Gibraltar,  6cc. 

Strait  is  also  sometimes  used,  in  Geography,  for  an 
isthmus, or  neck  of  land  between  two  seas,preventing  their 
communication. 

STRENGTH,  vis,  force,  power.  Some  authors  suppose 
the  strength  of  animals,  of  ihe  same  kind,  to  depend  on 
the  quantity  of  blood ; but  mo»t  on  the  sixe  of  the  borves, 
joints,  and  muscles;  though  we  find  by  daily  experieuce, 
that  the  animal  spirits  contribute  greatly  to  strength  At 
different  times. 

Emerson  has  most  particularly  treated  of  the  strength 
of  bodies  depending  on  their  dimensions  und  weight.  In 
the  general  scholium  after  his  propositions  on  this  sub- 
ject, he  adds ; If  a certain  bi'am  of  timber  be  able  to 
support  a given  weight , another  beam,  of  the  same  tim- 
ber, similar  to  the  former,  may  be  taken  so  great,  us  to  be 
able  but  just  to  bear  its  o%vn  weight:  while  any  larger  beam 
cannot  support  itself,  but  must  break  by  ns  own  weight ; 
but  any  less  beam  wilt  bear  something  more.  For  the 
strength  being  as  the  cube  of  the  depth  ; and  the  stress, 
being  as  the  Icngtii  and  quantity  of  matter,  is  as  the  4th 
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power  of  the  depth  ; It  is  plain,  therefore,  that  the  stress 
increases  lu  a greater  ratio  than  the  strength.  Whence  it 
follows,  that  a beam  muy  be  taken  so  Urgi*.  that  the  stress 
may  far  exceed  the  strength : and  that,  of  all  similar 
beams, there  is  but  one  that  willjnsi support  itselt,aml  no- 
thing more^  And  the  like  bolds  true  in  all  inachmc»,aml 
in  all  animal  bodu'S.  And  hence  tInTe  is  a ceiiain  limit, 
^ in  regard  to  magmiude,  m>t  only  in  all  machines  and  ar- 
tilieiai  structures,  but  also  in  natural  oms,  which  neither 
art  nor  nature  can  go  beyond;  supposing  them  made  of 
the  same  matter,  and  in  the  same  prupunioo  of  parts. 

Hence  it  is  impossible  that  mechanic  engines  can  be 
increased  to  any  magnitude  at  pleasure.  Ppr  wbi’ii  lliey 
arrive  at  a particular  tbetr  several  parts  will  break 
and  fail  asunder  by  their  own  weight.  Neitlier  can  any 
buildings  of  vast  magnitudes  be  made  to  stand,  but  most 
foil  to  pieces  by  their  great  weight,  ami  go  to  ruin. 

It  is  likewise  impi>svible  for  nature  to  produce  animals 
of  any  vast  siao  at  pleasure : except  some  si>rt  of  matter 
can  Ik'  lound,  to  make  tbe  bones  of,  which  may  be  so 
much  harder  and  stronger  than  any  hitherto  known : or 
else  tiioi  thi*  proportion  of  the  pans  be  so  much  altered, 
and  the  bones  and  muscles  made  thicker  in  proportion ; 
which  will  make  the  animul  distorted,  and  of  a monstrous 
figure,  and  nut  capable  of  performing  any  proper  actions. 
And  being  made  similar  and  of  common  matter,  they  wiU 
not  be  able  to  stand  or  move  ; but,  being  burthened  with 
their  own  weight,  must  fall  down.  Thus,  it  is  impossible 
that  there  can  be  any  animal  so  large  as  to  carry  a castle 
upon  his  back  ; or  any  man  »o  strong  os  to  remove  a 
mountain, Ur  pull  up  a large  oak  by  the  roots  : nature  will 
nut  admit  of  these  things;  aud  it  U impossible  that  there 
can  be  animals  of  any  sort  beyond  a (k'lcnninatc  siac. 

>'isb  miiy  indeed  b«  produced  to  a larger  sixe  than  land 
animals;  iiecausc  their  weight  is  supported  by  the  water. 
But  yet  even  these  ennnot  be  inen'osed  to  immensity,  be- 
cause the  internal  parts  wdl  press  u(>on  one  anuthar  by 
their  weight,  and  ucstruy  their  fabric. 

Qn  the  conirary,  when  the  size  i>f  animals  is  diminish- 
ed, their  strength  is  not  diminished  in  the  same  propor- 
tion as  the  weight.  For  which  reason  a small  animal  will 
carry  lar  mure  than  a weight  ei|ual  to  its  own,  while  a 
great  one  cannot  carry  so  much  as  its  weight.  And 
hence  it  is  that  small  animals  are  more  active,  will  run 
faster,  jump  farther,  or  perform  iiny  motion  quicker,  fur 
ihiir  weight,  than  large  animals  : for  the  Ic'ss  the  animal, 
the  greater  the  proportion  of  the  strength  to  ihe  stress. 
Aud  nature  seems  to  know  no  bounds  as  to  the  smallness 
of  animals,  at  least  in  reitard  to  their  weight. 

Neither  can  any  two  unequal  and  similar  machiues  re- 
sist any  violence  alike,  or  in  tbe  »ame  proportion ; but  the 
greater  will  be  more  hurt  than  the  less.  And  the  same  is 
true  of  animals  ; for  large  animals  by  falling  break  their 
bones,  while  lesser  ones,  falling  higher,  receive  no  damage. 
Thus  a cat  may  fall  two  or  three  yards  high,  and  be  no 
worse,  and  an  ant  from  tbe  top  of  a tower. 

It  is  likewise  impossible  ih  the  nature  of  things,  that 
there  can  be  any  trees  of  immense  size ; if  there  were  any 
such,  their  limbs,  boughs,  and  branches,  must  break  off 
and  fall  down  by  their  own  weight.  Thus  it  is  impossible 
there  can  be  an  oak  a quarter  of  a mile  high;  such  a 
tree  cannot  grow  or  stand,  but  its  branches  will  drop  off 
by  their  own  weight.  And  hence  ^so  smaller  plants  can 
belter  susUia  themselves  than  large  ones. 


As  to  the  due  proportion  of  strcojgth  in  several  bodies, 
according  to  (heir  particular  p^jsitlonv,  and  tbe  wHghu 
they  are  to  bear;  be  further  observes  that,  il  a piece  of 
timber  to  be  pierced  with  a mor list-hole,  the  beam  will 
l>e  stronger  when  it  is  taken  out  of  the  middle,  than  when 
taken  out  of  vither  side.  And  in  a beam  supported  at 
boih  ends,  it  is  stronger  when  the  hole  is  made  in  the 
upper  side  than  when  made  in  the  under, provided  a piece 
ot  wood  is  driven  hard  in  to  fill  up  the  hole. 

If  a piece  is  to  be  spliced  upou  the  end  of  a beau,  to 
be  supported  at  b(»th  ends;  it  will  be  tbe  stronger  when 
spliced  on  the  under  side  of  u bcasn  : but  if  the  piece  is 
supported  only  at  one  end,  to  bear  a weight  on  the  other ; • 
it  is  stronger  when  spliced  on  the  upper  side. 

When  u small  lever,  &c,  is  nailed  to  a body,  to  move 
it  or  suspend  il  by ; the  strain  is  greater  upon  the  nail 
m'arest  the  hand,  or  point  where  the  power  is  applied. 

If  a beam  be  supported  at  both  ends;  and  tbe  two  ends 
reach  over  the  props,  and  be  fixed  down  immoveable;  it 
will  bear  twice  as  much  weight,  as  when  the  ends  only  lie 
loose  or  free  upon  the  supporters. 

When  a slender  cylinder  is  to  be  supported  by  two 
pieces ; the  distance  of  the  pins  ought  to  be  m arly  | of 
the  length  of  the  cylinder,  and  the  pins  equidistant  fivsm 
its  ends ; and  then  the  cylinder  will  endure  liic  least- 
bending  or  strain  by  its  weight 

The  strength  of  a beam  or  bar,  to  resist  a fracture  by 
a force  acting  laterally,  is  os  a solid,  made  by  a scclioo 
of  the  beam  in  the  place  where  the  force  is  applied,  into 
the  distance  of  its  centre  of  gravity,  from  the  point  or  line 
where  the  breach  will  end. 

In  square  beams,  the  lateral  strengths  areas  the  cubes 
of  ihe  breadths  or  depths:  and  in  cylindrical  beaus,  (ho 
Strengths  are  as  tbe  cubes  of  the  diamclm;  (he  same  is 
also  true  of  oU  bcitics  whose  stxlions  are  similar  figures, 
(hat  IS,  tbe  strengths  arc  as  the  cubes  of  the  correspond- 
ing dimensions. 

In  iX'Ctangular  beams  the  lateral  strengths  are  conjointly 
as  the  breadths  and  squares  of  tbe  depths.  Hence  tbe 
lateral  strength  of  a beam  with  its  narrower  face  upwards, 
is  to  its  strength  with  its  broader  (ace  upwards,  as  the 
bruadth  of  the  broader  face  to  the  narrower  one. 

I'be  lateral  strengths  of  prismatic  beams  of  the  same 
matc’rials,  are  as  the  areas  of  the  sections  and  the  dis- 
tances of  their  centris  of  gravity,  directly,  and  as  ihcir 
lengths  and  weights,  inversely.  This  is  true  whcUicr  (he 
beams  be  both  supported  at  one  end  or  at  both  ; aud  in 
the  latter  case,  a beam  of  any  length  is  equal  in  strength 
to  another  of  the  same  brtoilib  and  depth  and  of  only 
half  the  length,  when  supported  at  one  end^ 

I'hc  lateral  strengths  of  iwru  cylinders  (of  tbe  same 
matter)  of  equal  weight  and  length,  one  of  which  is  hol- 
low and  the  other  solid,  are  to  each  other  as  the  diameters 
of  their  ends.— Tlie  lateral  strengths  of  tubes  and  solid 
cylinders  of  equal  length  and  similar  materials^  arc  as  the 
areas  of  their  ends  and  their  diameters  conjointly. 

The  Strongest  rectangular  beam  which  can  be  cut  out 
of  a given  cylinder,  is  (hat  of  which  the  squares  of  tbe 
breadth  and  depth,  and  the  square  of  the  cylinder's  dia- 
meter, arc  respectively  as  tbe  numbers  t,  ?,  uod  3.— 
When  a triangular  beam  is  supporU'd  at  both  ends,  its 
strength  when  the  edge  of  the  beam  is  uppermost,  is 
to  the  strength  whim  the  other  side  is  uppermost,  as 
2 to  1. 
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A beam  fixeJ  at  one  end,  and 
bearing  a weight  hI  the  other;  if 
It  be  cyt  in  the  form  of  a wedge, 
and  placed  with  ib  parallel  sides 
parallel  to  the  horrion ; it  will  be 
equally  strong}  every  where;  and 
no  sooner  break  in  one  place  than  another. 

When  a beam  has  all  iu  sides  cut  in  form  of  a coiv 
cave  parabola,  hafing  the  vertex  at 
the  end,  and  its  absciss  perpcndicu> 
lar  to  the  axis  of  the  solid,  and  the 
base  a square,  or  a tircle,  or  any 
* regular  polygon;  such  a beam  fixed 
horixoiitall^,  at  one  end,  is  equally 
strong  throughout  for  supporting  its  own  weight. 

If  a beam  be  placed  hori« 
lonlally  with  one  end  fixed  to 
a wall,  and  a weight  be  hung  at 
the  other,  then  if  its  breadth  be 
the  same  throughout,  it  will  be 
equally  strong  in  all  parts,  when 
the  vertical  sides  arc  in  the  form 
of  a parabola. 

Moreover,  if  as  be  a beam  in  form  of 
prism;  and  if  ad  = ^ab,  and  ai 
= ^AC,  and  the  edge  or  small  si> 
jnilar  prism  a Dir  be  cut  away  pa- 
rallel to  the  base;  the  remaining 
beam  DiDcr  will  bear  a greater 
weight  p,  than  the  whole  adcpc, 
or  the  part  will  be  stVonger  than  the 
whole;  which  is  a paradox  in  Mecbnnics. 

Also  when  a wall  laces  the  wind,  and  if  the  vertical 
section  of  it  be  a right-angled  triangle;  or  if  the  fore 
part  next  the  wind  &c  be  perpendicular  to  the  horizon, 
and  the  back  part  a sloping  ptune;  such  a wall  will  be 
equally  strong  in  all  its  parts  to  r(*sist  the  wind,  if  the 
parts  of  the  wall  cohere  strongly  together ; but  when  it 
is  built  of  lotise  materials,  it  is  bettor  to  be  convex  on  the 
back  pan  in  form  of  a parabola. 

When  a wall  is  to  support  a bank  of  earth  or  any  fluid 
body,  it  ought  to  be  built  concave  in  form  of  a scinicubi- 
cal  parabola,  whose  vertex  is  at  the  top  of  the  wall,  pro- 
vided the  parts  of  the  wall  adhere  firmly  together.  Uut 
if  the  pans  be  loose,  then  a right  line  or  sloping  plane 
ought  to  be  its  figure.  Such  walls  will  be  equally  strong 
throughout. 

-■All  spires  of  churches  in  (ho  f«rm  of  cones  or  pyra- 
mids, arc  equally  strong  in  all  parts  to  resist  the  wind. 
But  when  the  parts  do  not  cohere  to^’tber,  then  they 
ought  to  bcparabolic  conoids,  to  be  equallystronglbrough- 
out. 

IJkewise  if  there  be  a pillar  erected  in  form  of  the  lo- 
garithmic curve,  the  asymptote  being  the  axis;  it  con- 
not  be  crushed  to  pieces  in  <tno  part  sooner  than  in  ano- 
ther, by  its  own  weight.  And  if  such  a pillar  be  turned 
upside  down,  and  sus]>endcd  by  the  thick  end,  it  will  not 
be  more  liable  to  separate  in  one  pan  than  nnulher,  by  its 
own  weight 

As  to  the  strength  of  several  sorts  of  wotid,  draw  n from  ex- 
periments, Mr.K.says,On  a medium,  a piece  of  good  oak, 
an  inch  square,  and  a yard  long,  supported  ut  both  ends, 
will  bi*ar  in  the  middle,  for  a very  short  lime,  about  dJOlb 
avoirdupois,  but  will  break  with  more  than  that  weight. 


But  such  a piece  of  wood  should  not,  in  practice,  be 
trusted  for  any  length  of  time,  with  more  than  a third  or 
a fourth  part  ot  that  weight.  And  the  pinportioo  of  ibe 
strength  bl  several  sorts  of  wood,  he  found  to  be  as  fol- 


lows : 

B.o\,oak,  piumtree,  yew  - - - 11 

Ash,  dm  .......  8| 

Thorn,  walnut 

Apple  tree,  eider,  red  fir,  holly,  plane  7 

Jbech,  cherry,  hazle  - - - - 

Alder,  a>p,  birch,  white-fir,  willow  6' 

Iron  107 

Brass  ........  30 

Bone  52 

lA'td  .........  OJ 

Tine  free  stone  ------  1 


As  to  the  strength  of  b<»diesin  dirt‘Cli«n  of  the  fibres,  he 
obs4*rves,  A cylindric  rr>d  of  giNnl  clean  fir,  of  an  inch  cir- 
cumference, drawn  in  length,  will  bear  at  e.xtrvmity 
40Uib;  and  a spi'ar  of  fir  2 inches  diameter,  will  In  ar 
about  7 ton  —A  rod  of  good  iron,  of  an  inch  ciicuml'cr- 
enco,  Will  bear  rH’ar  9 ton  weight.  And  a giKnl  hempen 
rope  of  an  inch  ciicuinterence,  will  bear  lOUOlb.  at  ex- 
tremity. 

All  this  supposes  these  bodies  to  be  sound  and  good 
throughout ; but  none  of  them  should  be  put  to  bear  more 
than  a third  or  a fourth  ptiit  of  that  weight,  espc'ciallv  for 
any  length  of  time.  rr»in  what  has  been  said;  if  a spear 
of  lir,  or  a rope,  or  a sp«  ar  <if  iron,  ol  d inches  diamvlc-r, 
were  tolift  itheextremv  weight;  then 

The  fir  would  bear  huiuliod  weight. 

Tile  n»pe  would  bear  *i'2dd  hundred  weight. 

The  iron  would  bearO'Jdd  ton  weight. 

See  on  this  subject  Gregory’s  Mechanics,  vol.  I,  pa.  104, 
and  following  : us  also  Emerson  on  the  same  subject  in 
bis  4to  edition.  Also  my  Course  of  Mathematics,  vt'l  2. 

M to  animals;  men  may  apply  (heir  strength  several 
ways,  in  working  a mnchinc.  A man  of  ordinary  strength 
turning  a rnllrr  by  (he  handle,  can  act  for  a whole  day 
against  a resistance  equal  to  30lli.  weight ; and  if  he  works 
10  hours  a day,  he  will  raise  a weight  of  30lh.  through 
34  feet  in  a second  of  time;  or  if  the  weight  be  greater, 
he  will  raise  it  so  much  h‘ss  in  proportion.  But  a man 
may  act,  for  a small  time,  against  a resistance  of  dOlb.  or 
in«»re.  ' 

If  two  men  work  at  a windlass,  or  roller,  they  can  more 
easily  draw  up  70lb,  thanune  man  can  dOlb,  provided  the 
ell>ow  of  one  of  the  handles  l>c  at  right  angles  to  that  of 
iht‘  f>ther.  And  with  a fly,  or  heavy  wheel,  applitxl  to  it, 
a man  may  do  | part  more  work ; and  fur  a little  while  he 
can  act  with  a force,  or  overcome  a continual  resistance, 
of  80lb ; and  w*ork  a whole  day  when  the  resistance  is  but 
40lb.»-Men  used  to  bear  loads,  such  as  porters,  will  carry, 
some  I50lb,  olhcis  200  or  230lb,  according  to  their 
strength.— A man  can  draw  but  about  70ur  8(>lb.  Imrizon- 
tnlly  ; for  he  can  but  apply  about  half  his  weight. — If  the 
weight  of  a man  be  1401b,  be  can  act  with  no  greater  a 
force  in  thrusting  horizontally,  at  the  height  of  his  shoul- 
ders, than  271b. 

As  to  horses ; a horse  is.  generally  speaking,  as  strong 
AS  5 men.  A horse  will  carry  240  or  270ll>.  A horse 
draws  to  greatest  advantage,  when  the  line  of  dirrciion  is 
a little  elevated  abosx*  (he  horizon,  and  the  power  acts 
against  bis  breast : and  he  can  draw  200lb.  fur  8 hours  a 
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A)%  nt  niilc$  an  hour.  If  he  tlraw  2tOlb,  he  can  work 
hut  h hours  a>><l  tiut  go  quite  so  fast.  And  io  <M>th  cases, 
if  he  carries  some  Height,  h^  will  liraw  the  betu-r  for  it. 
Anti  this  is  Height  u horse  is  suppugcii  to  be  able  to 
draw  mcr  a {lulK*)  out  of  a well.  But  in  a carl,  a horse 
irmy  draw  IOCH)lb,  or  even  double  that  weight,  or  a ton 
wtight,ormor*'. 

As  the  most  force  a horse  can  e.xcrt,  is  wljcii  he  draws 
a lilitr  ulovu  the  horizontal  |>osUion : so  the  worst  way  of 
apiiiying  the  strength  of  u horse,  is  to  make  hint  carry  or 
draw  u]>‘tiil : And  three  men  in  a steep  hiii,  carrying  each 
-«iO()lb,  will  climb  up  faster  than  a horse  with  30Olb.  Also, 
though 'u  hopH'  may  draw  in  a round  walk  of  18  fret  din> 
meter ; yet  such  a walk  should  not  be  less  than  or  oO 
feel  diameter.  KmersonS  Median,  p.i.  1 1 1 and  177 • 

For  more  on  this  subject,  see  Girard’s  treatise  on  the 
Rcsifilancc  ofSolid»;  Gregory's  Mechanics,  vol.  1 ; my 
Course  of  Mathematics,  vol.  3,  Ac. 

STRESS,  in  Mechanics,  a familiar  term  used  to  denote 
the  loud,  weight,  or  force,  which  a bar  or  beam  has  to 
sustain ; being  as  the  dislrets  or  oppression  which  it  has 
to  sustain  and  support;  whether  arising  from  its  own 
weight,  or  from  any  adventitious  load  or  force  whatever. 
This  is  Commonly  treated  of  in  conjunction  with  the 
strength,  as  in  the  preceding  article ; or  as  in  the  Mecha- 
nics of  Emerson  or  of  Gregory,  or  in  my  Course  of  Ma- 
thematics, Ac. 

STRIKE,  or  Stiiyke,  a measure,  containing  4 bushels, 
or  half  a quiirtcr. 

STRIKlNG-irAtr/,  in  a clock,thc  same  as  that  by  some 
called  the  pin-wh(>ci,  because  of  the  pins  which  arc  placed 
on  the  louiid  or  rim,  the  number  of  which  is  the  quotient 
oniic  pinion  divided  by  the  pinion  of  the  detent-wherd. 
In  sixlcen-day  clocks,  the  first  or  great  wheel  is  usually 
the  pin-whcci ; but  in  such  «» go  8 days,  the  second  whei'l 
is  l[icpin.wIu'('l,or  ttriking-whecl. 

JsTIUNC,  in  Music.  See  Chord.— If  two  strings  or 
chords  ufa  musical  instrument  only  differ  inlengtii;  their 
tones,  or  the  number  of  vibrations  they  make  in  the  same 
time,  are  in  the  inverse  ratioof their  lengths.  Ifihey  dif- 
fer only  in  thickness,  their  tones  arc  in  the  inverse  ratio  of 
their  diameters. 

As  to  the  tension  of  strings,  to  measure  it  regularly, 
they  must  be  conceived  stretched  or  drawn  by  weights  ; 
and  then,  ca;teris  paribus,  the  tones  of  two  strings  arc  in  a 
dirk'd  ratio  of  the  square  routs  of  the  weights  that  stretch 
them;  liiat  is,  ex.  gr.  the  tone  of  a string  stretched  by  a 
Weight  4,  is  an  octave  above  the  tone  of  a string  stretched 
by  the  weight  t. 

ft  is  an  observation  of  very  old  standing,  that  if  a viol 
or  lute-string  be  touched  with  the  bow,  or  the  hand,  ano- 
ther string  on  the  same  instrument,  or  even  on  another,  not 
far  from  if,  if  in  unison  with  it,  or  in  octax’c,  or  the  like, 
will  at  the  same  time  tremble  of  itself.  But  it  is  now 
found,  that  it  S not  the  whole  of  that  other  string  that 
thus  (ivinbles,  but  only  the  parts,  severally,  according  as 
ifiey  are  unisons  to  the  whole,  or  the  puru,  of  the  string 
so  struck.  Thus,  supposing 

Aivto  bean upperoctnve  toa\  a- o 

uiid  therefore  an  unison  tocach  a ■■  6 

half  of  it,  stopped  at  c;  if  j * 

while  is  0]H*n,  An  be  struck,  * ^ ^ 

the  two  halves  of  tliis  other,  that  is,  nc,  and  c^,  will  Iroth 
tremble;  but  tbe  middle  |iointHil|  bi^  at  rest;  as  will  be 
easily  ]HTCei>ed,  by  wntpping  u Lit  of  paper  lightly  about 

Vol.  11. 


the  string  aS,  and  moving  it  successively  from  one  end  of 
the  string  to  the  other.  In  like  n^aniuT,  if  ad  were  an 
up|K'r  12th  to  a&,  and  cnnsequcniry  an  unison  to  its  three 
pa  I ts  arf , eftf,  c'f' ; tlien,  being  open,  if  ab  be  struck, (he 
three  parts  of  the  other,  </<*,  e6  will  seveially  (rcnible; 
but  the  points  d and  e remuin  at  rest. 

This,  Dr.  Wallis  lelU  us,  was  first  discovered  by  Mr. 
WilliHin  Noble  of  .Nferlun  cullcgi  ; and  after  him  Ly  Mr. 
T.  Pig»>t  of  Wadliam  college,  without  knuwiiig  ihtt  Mr. 
Nuble  iiad  observed  it  before.  To  which  may  be  luided, 
that  M.  bauveiir,  long  afterwards,  proposed  it  to  the  Royal 
Academy  at  Paris,  us  hi»fiW4i  discovery,  which  in  rciiJity 
it  might  be  ; but  upon  his  being  informed,  by  some  of  the 
members  then  present,  that  Dr.  Wallis  hati  published  it 
before,  he  immediately  resigned  all  the  honour  of  it. 
Philos.  I'rans. 

STURM,  or  Sturmiux  (Joiix  Curixtopher),  a ce- 
lebrated madiemaucian  uiid'pliilu»op)icr,wiis  burn  at  Hip- 
poUtcin,  1()35,  where  aUo  he  died  in  1703.  He  was  first 
minister  of  a church  in  Germany  during  5 years ; and 
(hen  becuine  profes!!or  of  mathematics  and  natural  pKilo- 
sophy,  at  Alidurf  in  Germany.  He  exerted  hirusolf 
greatly  in  the  cause  of  Uteraiuiv,  and  was  very  useful,  by 
liis  lectures  and  otherwise,  in  explaining  and  diffusing  the 
kiiowledgcmnd  discoveries  made  in  that  remarkable  age, 
the  l7th  century;  as  manifest  by  all  his  writings. — lie 
was  author  of  several  useful  works,  on  the  mathematica 
and  philosophy,  the  most  t'stcemed  of  which  are,  t,  his 
Matbesis  Ivnucicata,  in  one  vol.  8vo;  2.  Mathesis  Juve- 
Tiiiiit,  in  2 large  volumes  Svo  ; 3.  A large  collection  of 
letters  to  Dr.  Henry  More,  of  Cambridge,  on  the  contro- 
versy concerning  the  weight  and  spring  of  the  air;  4. 
Sturm  published  also  a German  translation  of  Archi- 
medes. 5.  But  his  most  considerable  work  was,  tbe  Colle- 
gium Elxpcriroeiitele  siveCuriosum,  in  quo  priinaria  hujus 
seculi  Invcma  ct  ICxpcrimenta  Ph)sico-Mathematica,  an. 
1672,  quibus^dam  natura:  demonstroliva  Ac.  Nurioib.  an. 
1676*,  in  4to. — In  1684  the  author  gave  a second,  and 
mufh  larger  part,  of  the  like  collection  of  discovcrws, 
made  till  (hat  era  ; with  an  ap]H*ndix  of  further  additions 
and  explanations  to  the  particulars  in  the  fint  part.  Edi- 
tions of  these  two  parts,  .and  of  the  letters  to  Dr.  More, 
were  also  printed  in  1701  and  1715,  together  with  several 
appendixes,  the  whole  being  usually  bound  in  one  large 
volume  in  4lo. 

This  is  a ve^  curious  work,  containing  a multitude  of 
interesting  experiments  neatly  illustFiUcd  by  copper-platc 
figures  printed  upon  almost  every  page,  by  the  side  of  the 
letter-pr^s.  Of  these,  the  lOlh  experiment  isanjmprove- 
mt-nt  on  father  Lana'ftprojecl  fur  navigating  a small  ves- 
sel suspended  in  tbe  atmosphere  by  several  globes  exhaust- 
ed of  air.  But  A more  particular  and  satisfactory  account 
of  this  work  may  be  seen  in  the  Philos.  Trans,  vol.  10, 
pa.  303,  or  in  my  Abridgment,  vul.2,  pa.  263. 

STYLE,  in  Chronology,  a particular  manner  of  count- 
ing time;  as  tbe  old  sryle,  the  new  style.  See  Calen- 
dar. 

0/d  Style,  is  the  Julian  manr>cr  of  computing,  as  in- 
stituted by  Julius  Cu»ar,  in  which  (he  mean  year  consists 
of  3631  days. 

iVm?  Sty  le,  is  the  Gregorian  manner  of  computation, 
instituted  by  pope  Gregory  the  13th.  in  the  year  1382, 
ami  is  used  by  most  catholic  countries,  and  many  other 
states  of  Euro}>e.  The  Gregorian,  or  new  sly  Ic,  agrees 
with  the  (rue  solar  year,  which  contains  only  363  days  5 
3U 
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hours  49  minutes.  In  the  year  of  Christ  900,  there  was  no 
ditTciencc  of  styles.  In  the  year  1589,  vthfn  i1k‘  new 
style  was  Sni  iutroiiuced,  there  was  a dilTennce  of  10 
days.  Ai  present  there  is  13  days  difftrence.  At  the 
diet  of  Raiisbon,  in  the  year  1700,  it  was  decreed  by  the 
body  ot  pnitesiaiits  of  the  empin>,  that  1 1 days  should  be 
retrenched  from  the  old  style,  to  uccominudate  it  fur  the 
future  to  the  new  ; and  another  day  having  Imh-r  retrench- 
ed ill  the  year  I SCO,  it  maLta  the  dtiTereiicv  of  l‘i  tlays, 
as  above  slated.  Tue  same  regululinn  has  smct*  passed  into 
Sweden,  Di*mnark,  ami  into  England,  where  it  was  esta- 
blished in  the  y^'^rr  1753,  when  it  was  enacted,  that  in  all 
dominions  Itchmging  to  the  crown  of  Great  Britain,  the 
supputalion,  according  to  which  the  year  of  our  l.x>rd  be- 
gins on  the  35th  day  of  March,  shall  not  be  us<>d  from  and 
after  the  la»t  day  of  December  1751;  and  that  from  thence- 
forth, the  1st  day  ot  January  every  year  shall  be  reckoned 
to  be  the  first  day  of  the  year  : and  that  the  natural  day 
next  immediately  follow  ing  the  2d  day  of  Septemlier  1752, 
shall  be  accounted  the  Uth  day  of  Si'ptcmbcr,  omitting 
the  1 1 intermediate  nominal  days  of  the  common  calendar. 
It  is  further  cnacied,  that  all  kinds  of  writings  shall 
bear  date  according  to  the  new  method  of  cumpuiation, 
and  that  all  courts  and  mrelinjs  Ac,  feasts,  liisis,  &c, 
shall  be  held  and  observed  accordingly.  And  for  pre- 
serving the  calerKlar  in  the  same  regular  course  for  the 
future,  it  is  enacted,  that  the  several  years  of  our  Lord 
18(X),  J9OO,  3100,  3300,  2300,  &c,  except  only  every 
400th  yc’ar,  of  which  tht'year'iOOO  shall  be  rhe  hrsl,  shall 
be  common  years  of  365  days,  and  that  the  years  2000, 
3400,  3800,  &c,  nndcsery  oiher  400lh  year  from  the  year 
3000inclusive,  shall  be  leap  years,  constsiing  of  366  days. 
Sec  Bissextile  End  Calcmpar. 

The  following  table  shows  by  what  number  of  days  the 
new  sty  le  differs  from  the  old,  fn>m  59^^  years  bi'fore  the 
birib  of  Christ,  to  5900  years  after  it.  'IV  days  under 
the  sign  — (vis  from  6000  y ears  iM'fore  Co  300  years  after 
Christ)  arc  to  be  subtracted  from  the  old  style,  to  reduce 
k to  the  new  ; and  the  days  under  the  sign  (via  from 
300  to  5900  years  after  Christ)  are  to  be  added  to  the  old 
style,  to  n.'ducc  it  to  the  new.— All  the  years  mentioned  in 
the  table  are  Irap  years  in  the  old  style;  but  those  only 
that  are  marked  with  an  l are  leap  years  in  the  new. 
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1 Yean  after  I'hrbt. 
1 Sew  Style. 

5900 

46 

L 0 

-2 

58t)0 

45 

' 100 

— 1 

S700 

44 

200 

• 0 

L 5f>0U 

44 

• 300 

1 

^500 

43 

L 400 

1 

. 5400 

43 

500 

>2 

* 5300 

41 

600 

3 

L iJIK) 

41 

700 

4. 

5100 

40 

L 800 

4 

5000 

39 

900 

5 

4goo 

38 

1000 

6 

L4800 

38 

1100 

7 

4700 

37 

1.  1800 

7 

4600 

36 

1300 

8 

4500 

35 

14t>0’ 

9 

L 4400 

35 

1500 

10 

4300 

34 

L 1600 

10 

4200 

33 

1700 

1 1 

4100 

33 

1800 

13 
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itilF. 

T 

L44:cjo 

32 

1900  , 

13 

39  »o 

31 

L 2000 

13 

38i>0 

30 

3100 

14 

3700 

29 

2200 

15 

L S(iOO 

29 

2300 

16 

3500 

28 

L24O0 

16 

.3400 

27 

3500 

17 

3300 

20* 

2600 

18 

L3800 

20' 

2(00 

19 

3100 

25 

I.  2800 

19 

:sooo 

24 

3JK)0 

20 

2yHX) 

23 

1 3000 

21 

L 2800 

£3 

3100 

, on 

2700 

22 

L3200 

22 

3600 

21 

• 3300 

23 

3500 

20 

34U0 

34 

L 24l)<J 

30 

3500 

35 

2J00 

19 

L30OO 

35 

2200 

18 

3700 

2<i 

3100 

• 7 

3800 

27 

L 2000 

17 

3JK10 

28 

lyoo 

16 

L 4000 

28 

1800 

15 

4100 

Vf 

1700 

14 

4200 

30 

L 1600 

14 

4300 

31' 

.1500 

13 

L 4400 

t 31 

1400 

13 

4500 

32 

1300 

11 

4600 

33 

L 1200 

11 

4700 

34 

1100 

10 

I.  4800 

34  . 

1000 

9 

4900 

35 

900 

8 

5000 

36 

L 800 

8 

5100 

37 

700 

7 

L 3200 

37 

600 

6 

5300 

38 

500 

5 

.5100 

39 

L 4r« 

5 

5500 

40 

300 

4 

L SItOO 

40 

200 

3 

5700 

41 

100 

2 

5MJ0 

43 

L 0 

2 

5900 

4.1 

TJie  French  nation,  during  the  resolution  in  the  y ear 
l/93i  comracnciHl  another  ih’w  style,  or  computation  of 
time;  according  to  which,  the  year  commenced  usually 
on  our  32d  of  SepiembiT.  The  yar  k <livi(hd  into  13 
months  of  30  days  each  ; and  each  month  into  3 decades 
nf  10  Hays  each.  Fur  the  names  and  computations  of 
which,  s<c  the  article  Caleedar.— They  have  lately 
however  returned  to  the  former  geiuTal  way  of  counuiig 
time. 

3ttle,  in  Dialling,  denoU's  the  cock  nr  gnomon, 
raised  above  the  plane  of  the  dial,  to  project  a shadow.* 
—The  e«lgc  of  the  stylo,  which  by  its  shndoxv  marks 
the  hours  on  the  face  of  the  dial,  is  to  be  set  accord- 
ing to  the  latitude,  always  parallel  to  the  axis  of  the 
world. 

STVLOBATA,  or  Stylobaton*,  in  Architecture,  the 
same  with  the  pedestal  of  a column,  it  is  somelimcs 
taken  for  the  trunk  of  the  pedestal,  bctwirn  the  coniirc 
and  the  bust-,  and  is  then  called  truiicus.  It  is  also  oilier- 
w isc  nnmcil  abacus. 

SLiBCONTKARY  position,  in  Geometry,  is  when  two 
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equiangular  triangles,  as  VAUand 
VCD  Bi\‘  SO  piucL'd  as  to  have  one 
Common  angle  v at  the  vertex, 
and  yet  their  bases  not  parallel. 

Consi‘qu<-ntly  the  angles  at  the 
bans  are  equal,  but  on  the  con* 
trary  sides;  vix,  the  4a  s 4C, 
an<l  the  4 R =s  4 D. 

If  (he  oblique  cone  vab  or  vefr, 
having  the  circular  base  AkB,  or 
0e^,  be  so  cut  by  a plarsr  ucc, 
that  the  angle  d be  = the  4 n,  or  the  4c  = 4 a,  then 
the  cone  is  said  to  be  cut,  by  ibis  ulam*,  in  a subcon* 
trary  position  to  the  base  aeb,  orneo;  and  in  this  case 
the  section  dec  is  always  a circle,  as  well  as  the  bi^sc 
AEB  or  aeh. 

bUlU>UCT10K,  in  Arilh.  the  same  as  Subtraction. 

SUUOUPLiv  RaiiOf  is  when  any  number  or  quantity 
is  the  half  of  another,  or  contained  twice  in  it.  Thus, 
3 is  said  to  be  subduble  of  6,  as  3 is  the  half  of  6,  or  is 
twice  contained  in  it. 

SUBOUPLICATI^  RaiiOf  of  any  two  quantities,  is  the 
ratio  of  their  square  roots,  being  the  opposite  to  duplicate 
ratio,  which  is  the  ratio  of  the  squares.  Thus,  of  the 
quantities,  c and  4,  the  subduplicate  ratio  is  that  of  to 

or  a*  to  b^,  as  the  duplicate  ratio  is  that  of  to  6*. 

SUBLIME  Geometry^  the  higher  geometry,  or  that  of 
curve  lines.  Sec  OcoM  btrt. 

SUBLUNARY,  is  said  of  all  things  below  the  moon; 
as  all  things  on  the  earth,  cr  in  its  atmosphere,  dec. 

SUB.MULTIPLE,  the  contrary  of  a multiple,  being  a 
number  or  quantity  which  is  contained  exactly  a certain 
number  of  times  in  another  of  the  same  kind  ; or  it  is  the 
same  as  an  aliquot  part  of  it  Thus,  3 is  a siibmultiple  of 
21 , or  an  aliquot  part  of  it,  because  21  is  a inullipic  of  3. 

SvnMCLTti’LE  Aa/io,  is  the  ratio  of  a submulliple  or 
aliquot  part,  to  its  multiple;  as  the  ratio  of  3 to  21. 

SUBNORMAL,  in  Geometry,  is  tbc  subpcrpendicular 
AC,  or  line  under  the  perpendicular  to  the  curve  ac,  a 
term  used  in  curve  lines  to  denote  the  distance  aC  in  the 
axis,  between  the  ordinate  ab,  and  tbc  perpendicular 
ac  to  the  curve  or  to  the  tangent. 

And  the  said  perpendicular  ac  is 
the  nunnal.*— In  all  curves,  ibesul^  l\ 

normal  ac  is  a 3d  proportional  to  ^ * I \ 

the  subtangent  ta  and  the  ordinate  • ' ''  \ t 

A B ; and  in  the  parabola,  it  is  equal  to  half  tbc  parameter 
of  the  axis. 

SUBSTITUTION,  in  Algebra,  is  the  putting  and 
using,  in  an  equation,  one  quantity  instead  of  another 
which  is  equal  to  it,  but  expressed  after  another  manner. 
Sec  Reduction  of  Equations. 

SUBSTILK,  orSuBSTYLB,  in  Dialling,  a right  line 
upon  which  the  stile  nr  gnomon  of  a dial  is  erected,  being 
the  common  section  of  the  face  of  the  dial  and  a plane 
pcr|>endicular  in  it  passing  through  the  Atite.'-^The  angle 
inclndcd  between  this  line  and  the  stile,  is  called  ihcclc* 
vation  or  height  of  the  stile. 

In  polar,  horizontal,  meridional,  and  northern  dials, 
the  Bubstilar  line  is  the  meridional  line,  or  line  of  12 
o’clock  ; or  the  intersection  of  the  plane  of  tbc  dial  with 
that  of  the  meridian. — In  all  declining  dials,  the  substile 
makes  an  angle  with  the  hour  line  of  12,  and  this  angle 
is  called  the  distance  of  the  substile  from  the  mciidian.*— 


In  easterly  and  westerly  dials,  (besubstilar  line  is  the  line 
of  6 o'clock,  or  the  intersection  of  the  dial  plane  with 
ibr  prime  vertical. 

SUBTANGENT  of  a Carre,  is  the  line  ta  in  the  axis 
below  (he  tangent  TB,  or  limited  between  the  tangent  an# 
ordinate  to  the  poim  of  contact.  (Sc'c  the  last  figure 
above) — Iho  tangent,  sul-tangent,  and  ordinate,  make 
a right-angled  triangle. 

In  all  parabolic  and  hyperbolic  tigures,  tbesubtangont  is 
equal  to  the  absciss  multiplied  by  the  exponent  of  the  power 
of  tbc  ordinate  in  the  equation  of  the  curve.  Thus,  in  the 
common  parabola,  whose  property  or  equation  is  pr 
' the  subtangt'fU  is  equal  to  2x,  double  ibo  absciss.  And 

ifflx*  =jr*,  orpx  =y'^,  then  the  suUangcnt  is  :=  jx. 

Alsoifa  r »y  , orpx  sy  — the  sublan.  is x. 

Sec  Method  •/  T.viroEHTS. 

SUBTENSE,  in  Geometry,  of  an  arc,  is  tbc  same  as 
tbc  chord  of  the  arc;  but  of  an  angle,  it  is  a line  drawn 
across  from  the  one  leg  of  tbc  angle  to  ibe  other,  or  be* 
tween  the  two  extremes  of  the  arc  that  measures  the  angle. 

SUBTRACTION,  or  Substractiok,  in  Aritlimeiic, 
is  the  taking  of  one  number  or  quantity  from  another,  to 
tind  the  remainder,  or  difference  between  them ; and  is 
usually  made  the  second  rule  in  arithmetic.  The  greater 
number  or  quantity  is  called  the  minuend,  the  less  is  the 
subtrahend,  and  the  remainder  is  the  difference.  Also 
the  sign  of  subtraction  is  — , or  minus. 

SuBTRACTtov  <f  tVhoU  A«w6<Ts,  is  performed  by 
setting  tbc  less  number  below  the  greater,  as  in  addition, 
units  under  units,  lens  under  tens,  dec;  and  then,  pro- 
ceeding from  the  right  hand  towards  tbc  left,  subtract  or 
take  each  lower  figure  from  that  above  it,  and  set  down 
the  several  remainders  ordifl'erenccs  underneath ; and  these 
will  compose  the  whole  remainder  or  diff'ercnce  of  the  two 
given  numbers.  But  when  any  one  of  the  figures  of  the 
under  number  is  greater  than  that  of  the  upper,  from 
which  it  is  to  be  taken,  you  must  add  10  (in  your  mind) 
to  that  upper  figure,  then  take  tbc  under  one  from  this 
sum,  and  set  the  difference  underneath,  carrying  or  add- 
ing 1 to  the  next  under  figure  to  be  subtracted.  Thus, 
for  example,  to  subtract  2901821  from  37409732 
Minuend  37409732 

Subtrahend  2904821 
Difference  3450491 1 
Proof  37409732 

To  prove  St^raction  : Add  the  remainder  or  difference 
to  the  less  number,  and  the  sum  will  be  equal  to  tbc 
greater  when  tbc  work  is  right. 

Subtraction  ^ DreimaUt  is  performed  in  the  same 
manner  as  in  whole  numbers,  by  observing  only  to  set 
the  figures  or  places  of  the  same  kind  under  each  other. 
Thus: 

From  351 04  *470  27 

Take  72-71  *0573  0*936 

Rem.  DifT.  278  33  *4217  26  004 

To  Subtract  r«/g«r  Fractions,  Reduce  the  two  fractions 
to  a common  denominator,  if  they  have  different  ones ; 
then  take  the  less  numerator  from  the  I'reati  r.  and  set  the 
remainder  over  the  common  dcnorainaior,  for  the  differ- 
ence sought.— It  is  be:«t  to  set  the  Icsv  fraction  atl*-r  ibe 
greater,  with  (he  sign  ( — ) of  subtraction  between  them, 
and  tbc  mark  of  equality  ( =*)  after  them. 
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And  I -•  = }•-!?  = *• 

SUBTaAC  fiON,  inAigebra^  t%  pcrt'urmrd  by  changing  the 
of  all  the  icrm»  ut'  the  subtrahend,  to  th«ir  contrary 
signs,  vi2,  into  and  — into  h-  ; and  then  uniting 
the  tcims  with  those  of  the  minuend  ufier  the  tnunner  of 
addition  of  Algebra. 

Ex.  Ffom  6a 

Take  C<i 

Rem.  ba  — = 4«. 

From  6a 

Take  — 2a 

Rem.  2o  = 8a. 

From  — 6a 

Take  -4-  2« 

Ilcm.  — 6a  — 2a  = *“  8a. 

Kwm  — 6a 

Take'  — 4^i 

Rem.  — 6a  — 2a. 

From  2a  — 3x  o*  — 6 

Take  6a  4x  -4-  52  -»•  + 

Rem.  — 4a  — 7x  0—10 

SUBTRIPLE,  U when  one  quantity  U the  ihinl  part  of 
another;  as  2 is  sublriplc  of  6.  And  St'BTiuPi.r;  Ratio, 
is  the  ratio  of  1 to  3. 

SUBTRIPI.ICATF.  Ratio,  is  the  ratio  of  the  cub*-  r«<ils. 
So  the  suhtripiicatc  ratio  of  a to  b,  is  the  ratio  t>l  l/u  to 

X X 

^b,  or  of  0*  to  6^. 

SUCCESSION  ofSigat,  in  Astronomy,  is  the  urdci  in 
fk'hieb  they  arc  reckoned,  or  follow  onr  another,  and  ac- 
cording to  which  the  sun  enters  them  ; called  also  coiim'- 
quentia.  As  Aries,  Taurus,  Gemini,  Cancer,  &c.  Whiii 
a planet  goes  according  to  the  order  and  succession  of  the 
signs,  or  in  comoquentia,  it  is  said  to  be  direct;  but  re- 
trograde when  they  move  the  contrary  way,  or  in  nut'  cr- 
denila,  as  from  Gemini  to  Taurus,  then  to  .^ries,  8:c. 

SUCCULA,  in  Mechanics,  a bare  axis  or  cyliiider 
with  staves  in  it  to  mos'C  it  round ; but  without  any  tym- 
panum, or  peritruchium. 

SUCKF.R,  in  Mechanics,  a name  by  which  sometimiw 
is  called  the  piston  or  bucket,  in  a sucking  pump ; and 
sometimes  the  pump  ilMdf  is  so  called. 

SUCKING  Pump,  the  common  pump,  working  by  two 
valves  opening  upwards.  See  Pomp. 

SUISETI!  (lliCAUDi  orRAYMUNDi),  an  early  writer 
on  Arithmetic.  A lung  account  of  his  book,  called  the 
Calculator,  i»  given  in  Brucker's  History  of  PhiloH^ophy. 

SU.^I,  the  quaiiiity  produced  by  addition,  or  by  add- 
ing two  or  more  mimbt'rs  or  quantities  together.  So  the 
sum  of  6 »nd  4 is  10,  and  the  sum  of  a and  b 'n  a b. 

SUM  MEU,  the  name  of  one  of  the  seasons  of  the  year, 
being  one  of  the  quarters  when  the  year  is  divided  into  4 
parts,  or  ^ ne  balf  when  the  year  is  divided  only  into  two, 
summer  and  winter.  In  the  former  case,  summer  is  the 
quarter  during  which,  in  northern  climates,  the  sun  is 
pnssine  teirough  the  three  signs  Cancer,  Leo,  \*irgo,  or 
from  the  time  of  the  gTi*nle^l  declination,  till  it  comes  to 
the  equinoctial  rgain,  or  haVc  no  declination;  which  is 
from  about  the  21st  of  .Tune,  to  the  2Jd  of  September. 
In  the  latter  case,  summer  contains  the  6 warmer  numlhs, 
while  the  sun  is  on  one  side  of  the  equinoctial ; and  winter 


the  other  6 months,  when  the  sun  is  on  the  other  side  of  i|. 

SuHMEU  beam,  in  carpentry,  a large  piece  of  timber 
which,  b<‘ing  supported  on  two  pillars  or  posts,  serves  as 
a lintel  to  a gile,  door,  or  vtiiulow,  Ac. 

SvuMca  Ooiat^i,  the  time  or  pidiit  when  the  sun  at- 
tains his  gr^tesl  declination,  and  is  nearest  the  zenith  of 
the  place*  Sec  Solstice. 

NUN,  SuL,  O,  in  Astronomy,  the  great  luminary  that 
is  placed  in  the  centre  of  uur  ^yslrm,  and  about  wliich  all 
the  planets  revolve,  in  diffcreiit  periods,  and  at  dillereiu 
distances.  It  is  the  great  fountain  ut  light  and  heat  to 
all  those  bodu*s,  watmihg  and  rolt^hing  bpth  their  animal 
and  vcgeldbleinhnbitants  with  the  Vefulgencc  of  his  beams; 
without  w hich,  all  nature  would  be  involved  in  inipene- 
tmblc  darkness*  The  comets  also  revolve  about  the  sun, 
but  inexcentric  orbit',  being  sometinu’s  wry  mar  him; 
and  at  othcri,  at  an  incalculable  distance  from  him. 

'Fhe  ancient  astronomers  conceived  the  CAflb  to  be  the 
centre  of  the  universe,  having  the  sun,  ami  all  the  other 
celestial  bodies  revolving  about  it;  but  this  abaiird  doc- 
trine was  at  last  confuted  and  annihilated  by  Copernicus; 
ihodgh  not  without  many  angry  disputes,  and  malignant 
]H'H<ecution8,  particularly  by  the  church  of  Ui>m< , be- 
cause It  seemed  tu  coiuiadict  some  parts  of  Scnpliire. 
'Irulh  Iniwevrr  at  length  prevttilid;  and  gave  to  the  sun 
his  due  place  in  the  centre  of  our  system. 

It  has  since  been  discovered,  that  the  sun  has  a motion 
on  its  own  axis,  in  about  25|  days,  as  appears  fn>m  the 
iimcula'  or  spf*ls  on  bis  disc.  I'4*r,  some  ol  these  sptils 
huve  nride  iht  ir  first  appearance  mar  the  edge  or  margin 
of  the  sun,  from  ihencc  they  have  seemed  gradually  to 
pass  o\er  the  sun's  face  to  the  opposite  edge,  then  dis- 
appear; and  In  nee,  after  an  nli'Cnce  of  about  14  days, 
they  have  ri'appcan'd  in  their  first  place,  and  have  taken 
the  same  course  over  again  ; finishing  their  entire  circuit 
in  27  ilays  12^  20®;  which  is  hence  inferred  to  be  the 
period  of  the  sun's  rotation  round  liis  axis : and  therefore 
the  periodical  time  of  the  sun’s  revolution  to  a fixed  star 
is  25^  15**  l6“ ; heciiusc  in  27^  12*  20“  of  the  inontli  of 
.May,  when  the  obseivaiions  v\ire  made,  the  earth  dc- 
scriltes  »n  angle  about  the  sun's  centre  of  26^  22*,  and 
therefore  as  the  annular  motion  360®  -e  26'  22*  : 3b0 
: . 27^  12*  20“  : 25^  16*'  16*".  This  motion  of  the  spots 
is  from  west  to  east:  whence  we  conclyde  the  motion  of 
the  sun,  to  which  the  other  is  owing,  to  be  from  east  to 
West.  I'ho  more  correct  p<  riod  ol  the  sun's  rotation  is 
now  stated  at  25  days  10  hours. 

Besides  this  motion  round  his  axis,  the  sun.  on  account 
of  the  various  attractions  of  the  surrounding  plaiirtv,  i» 
agitated  by  a small  motion  round  the  centre  of  gravity  of 
the  s)sirjn. — Whether  the  sun  and  star»  have  any  prt^per 
motion  of  their  own  in  the  iinmrnsily  of  space,  however 
small,  is  not  al>s<»lutely  certain;  -though  some  very  accu- 
rate observers  have  inlimuted  conjectures  of  this  kind,  and 
liave  shown  that  such  a general  motion  is  not  improbable. 
St*e  Stars. 

A* /or  the  nppareni  aimual  motiw  of  the  Srs  round  the 
carrA;  it  is  easily  shown,  by  astronomers,  that  the  real 
anmml  motion  of  the  earth,  about  the  sun,  will  c.^use  such 
an  appearance.  A spectator  in  the  sun  would  sec  ilio 
earili  intwe  from  west  to  cast,  for  the  same  reason  as  vve 
sec  the  sun  move  from  east  to  west:  and  all  the  plieno- 
mena  resulting  fiom  this  annual  motion  in  whichevTr 
of  the  botllcs  it  be,  will  apjicar  the  same  iWim  tithvr. 
And  hence  arises  that  apparent  motion  of  the  sun,  by  uhlcK 
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hi*  w scx’n  lo  nijvancc  inw'nsibl^  towanU  the  ejistcrn  alar* ; 
in  »(>  much  (hat,  if  any  star,  neat  the  tchptic,  riaeut  any 
time  with  the  aun  ; after  a few  tiH)s  the  sun  will  be  pot 
more  (o  the  cast  of  the  htar,  and  the  star  will  nsc  ami  >et 
before  him. 

AV*rure,  Propertit",  Vigure,  ^c,  f/  tkt  SuK. 

lltosc  who  have  luaimuined  that  (he  kub^tatice  of  (ho 
sun  is  tire,  argue  in  (he  following  manner ; The  sun  shines, 
and  his  rays,  collected  by  concave  mirrors,  or  convex 
lenses,  will  burn,  coiuuroe,  and  melt  the  most  solid  bo- 
dies, or  else  cunveii  them  into  ashes,  or  glass  : therefore, 
as  the  force  of  the  solar  rays  U diminished,  by  (heir  di- 
vergency, in  a duplicate  ratio  t>f  the  distances  reciprocally 
taken  ; )t  is  evident  limt  (heir  fcjrce  and  effect  ure  the  same, 
when  colh  ctid  by  a burning  lens,  or  mirror,  as  if  w e were 
at  sucli  distance  from  tbc  sun,  where  they  were  equally 
dense,  rite  sun’s  niys  therefore,  in  the  neighbourhood  of 
the  sun,  produce  the  same  effects,  us  ini;*ht  be  CNpectcd 
from  the  most  vehement  lire : consequently  ihc  sun  is  of 
u fiery  substance. 

Hence  it  Odlows,  that  its  surface  is  prtjbahly  every 
where  fluid;  (hat  being  the  condition  of  finme.  indiTd, 
whether  the  whole  body  of  tin*  sun  be  fluid,  as  son^e  think ; 
or  solid,  a>  others ; they  do  nut  presume  to  delenniue: 
but  a<  there  are  no  other  marks,  by  which  t»  dUtinguisb 
fire  from  other  biidu's,  but  light,  heat,  a power  of  burn- 
ing, consuming,  melting,  calcining,  and  vitrifying;  they 
do  not  81*0  what  objection  should  be  made  to  the  hypi  - 
thi'sis  that  (he  sun  is  a globe  of  fire,  like  mtr  fires,  invi>u  d 
with  flame:  and,  supposing  that  the  maculiS  are  tormed 
out  of  the  solar  CNhulaiions,  they  infer  that  the  sun  is  nut 
pure  tire;  but  that  there  arc  hetcrogeneou*  i»arts  mi.xcd 
with  It. 

Philosophers  have  been  much  divided  in  opinion  with 
rcwpocl  to  the  nature  of  fire,  light,  and  bent,  and  the 
causes  that  pwduce  them  : and  llicy  have  given  very  dif- 
ferent accounts  of  tlie  agency  of  the  sun,  with  which, 
whether  wc  consider  them  as  substances  or  qualities,  they 
arc  inttinalely  connecieti,  and  on  which  they  seem  primn- 
rily  lo  de|K‘nd.  Sora**,  amonj  whom  wc  may  reckon  Sir 
I»aac  Newton,  consider  the  rays  of  light  m composed  of 
small  particles,  which  are  eimited  from  shining  bmlies, 
and  move  with  uniform  vclociticiv  in  uniform  mediums, 
fitit  with  vaiiable  velocities  in  mediums  of  variuldc  detisi- 
lii*s.  These  partichs,  say  they,  act  upon  the  minute  con- 
stituent parts  of  bodies,  not  by  inipuct,  but  at  some  in- 
definitely  small  distance;  fliey  attract  and  are  altrucicd  ; 
and  in  being  nrtected  or  nd'meterf,  they  e.\cile  a vibratory 
motion  ill  tile  component  particles.  'I'his  motion  increases 
(iie  distance  between  the  particles,  and  thus  occasions  an 
nugim-ntation  of  bulk,  or  an  expansion  in  every  dimension, 
which  is  the  most  certain  characi*  risiic  of  lire.  This  ex- 
pansion, which  IS  the  beginning  of  a disunion  of  the  parts, 
being  increased  by  the  increasing  magnitude  of  the  vibra- 
tions proceeding  from  the  continued  agency  of  light,  it 
may  easily  be  apprehended,  that  the  particles  will  at 
length  vibrate  bcyi>nd  their  sphere  of  mutual  attraction, 
and  thus  the  texture  of  the  btjily  will  be  ulleied  or  de- 
stroyed ; from  solid  it  may  become  fluid,  as  in  melted 
gold ; or  from  being  fluid,  it  may  be  dispersed  in  vapour, 
as  ill  Imiling  water. 

Others,  as  Hot  ihaave,  r.  present  fire  as  a substance  sui 
generis,  unalterable  in  its  nature,  ami  incapable  of  being 
produced  or  destroyed  ; imturally  existing  in  equal  qunn- 
utjes  in  all  places,  imperceptible  lo  our  senses,  and  only 


discoverable  by  its  effects,  when,  by  various  causes,  it  is 
collected  for  a time  into  a less  spaco  than  that  which  it 
would  otherwise  occupy.  The  matter  of  this  fire  is  not 
in  any  wise  supjioscd  to  be  derived  from  the  sun  : the 
solar  rays,  whether  direct  or  reflected,  are  of  use  only  as 
they  impel  the  particles  of  fire  in  paraiie!  directions;  that 
parallelism  being  destroyi  d,  by  intercr^ting  the  !udar  ruys, 
the  fire  instantly  assumes  its  natural  i^tate  of  uniform 
diffusion.  According  to  this  explication,  which  attribute's 
heal  to  the  matter  of  file,  when  driven  in  parallel  direc- 
tions, a much  greater  cfegrec  inu>t  be  givTn  it  when  the 
quantity,  so  collected,  is  amaued  into  a focus ; and  yet 
the  focus  of  the  largest  speculum  does  not  heal  the  air  or 
medium  in  which  it  is  found,  but  only  bodies  of  densities 
diflerent  from  that  medium. 

M.  Dcluc  (Lefltos  Physiques)  fs  of  opinion,  (hat  the 
solar  rays  are  tjie  principal  cause  of  heat  ; but  that  (hev 
innt  such  bodies  only  as  do  not  allow  tiicm  a free  pas- 
sage. lothis  remark  he  sgrres  with  Newton : but  then  he 
diflers  totally  from  him,  nx  well  as  from  Bor'rhaave,  con- 
cerning the  nature  of  llu;  my*  of  the  sun.  lie  docs  not 
admit  ibe  emimutioii  of  any  luminous  corpuscles  from 
the  sun,  or  other  seif-shiniiq;  substances,  but  supposes 
all  space  to  be  filled  with  an  ether  of  git*at  elasticity 
and  small  density,  and  that  light  consists  in  (he  vibrations 
of  this  ether,  ux  sound  consists  in  the  vibrations  of  the 
air.  “ Upon  Newtons  supposition,*’  says  an  cxcilieiit 
writer,  the  cause  by  which  flic  particles  of  light  nnd 
the  cor|>uscles  couvtituting  other  bodies  are  mutually 
tttiracu-d  and  repelled,  is  uncertain.  The  reason  of  tho 
unifurm  ditiuMon  of  fire,  of  its  vibration,  and  repercus- 
sion, as  Slated  in  Boerhaave’s  opinion,  is  equally  meX- 
piicnblc.  And  in  the  hist  mentioned  hypothesis,  we  may 
add  to  the  other  diflicultici  attending  (he  supposition  of 
an  universal  ether,  the  w.tnt  of  a first  mover  lo  make 
the  sun  vibrate.” 

Di.  Ilersdu'l  Ims  given,  in  the  Piiilos. Trans,  an  inge- 
nious papt  r on  the  physical  construction  of  the  sun.  This 
plausible  and  ingenious  theory  is  suggested  by  a variety 
of  rdrservutioiis  on  the  stdar  phenometia.  'Ihe  sun,  hu 
supposes,  has  an  atniuspbere  rcM'mbiing  that  of  tbecnitii ; 
and  this  atmosphere  consists  of  various  elastic  fluids,  sume 
of  which  exhibit  a shining  brilliancy,  while  others  are 
merely  (ransp.irent.  Whenever  the  lucid  fluid  is  removed, 
the  binly  of  the  sun  may  be  seen  through  those  tlmt  arc 
transparent.  In  like  manner,  an  observer  placed  in  the 
miHiii,  will  seu  the  solid  body  of  the  earth  only  in  iho.HC 
places  where  the  transparent  fluids  of  our  almospberR 
will  permit  him.  In  others,  the  opaque  vapours  will  re- 
flect the  sun’s  light,  without  |MTmittlng  his  view  to  pene- 
trate lo  the  surface  of  our  globe. 

liy  changes  in  the  almrisphere  of  JupittT  too.  Dr.  II. 
accounis  for  the  pheitomeua  of  its  belts  : and  on  tin*  same 
principle  be  illustrates  the  various  up|K.-antrtcrs  of  spots 
observed  in  the  sun.  Such  phenomena,  he  thiitks,  may 
be  easily  and  satisfactorily  explained,  if  il  be  allowed  that 
the  real  solid  br>dy  of  the  sun  itself  is  so«‘n  on  these  «>c* 
CAsions,  though  we  svddotn  see  more  liian  its  shining  at- 
mosphere. Ho  apprehends  that  there  arc  considerable 
inequalities  in  the  surface  of  ibe  »un  ; and  that  there  may 
tx!  ik'vntions  not  less  than  5 or  bOO  miles  high.  That  a 
very  high  country,  or  chain  of  mountains,  may  oftenrr 
become  visible,  by  the  lemoval  of  the  obstructing  fluid, 
than  (he  lower  regions,  on  account  of  iu  not  being  so 
derply  covered  by  it.  See  Solar  Srora. 
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AU  phenomeoa  of  (he«pors,  of  the  ficutx,  &nd  of 
the  livid  Burlaco  of  (he  sun,  concur  to  cstabiish  (he  exist* 
ence  of  a solar  atmosphere  of  very  considerable  extent, 
and  to  evince  its  compoMtioit  ol  vurious  elastic  dtjids, 
that  are  mure  or  loss  lucid  and  transparent : but  the  lucid 
one  i»  that  which  furnishes  u»  with  light.  The  gcm-ratiun 
of  (his  lucid  fluid,  4n  the  solar  atmosphere,  i«  a pheno- 
menon similar  to  the  generation  of  clouds  in  our  atmo* 
sphere,  which  are  produced  by  the  decomposition  of  its 
cuiutiiuetit  elastic  fluids;  but  with  this  difference,  that 
the  continual  and  very  exumsive  decompc»sitions  of  the 
elastic  fluids  of  the  «un,  arc  of  a pliosphoric  nature,  and 
attended  with  lucid  apiH-aranccs,  by  giving  out  light.  To 
the  objection  that  such  decompositions,  and  the  conse- 
quent emission  of  light,  would  exhaust  (he  sun.  Dr.  11. 
replies  that,  in  the  decomposition  of  ph^plionc  flui<is, 
every  other  ingredient  bt'sides  light  may,  return  to  the 
body  of  the  sun.  This  waste,  however,  must  be  quite  in- 
sensible, even  in  a very  long  period,  when  the  extreme 
iuhtiity  of  light  is  considered:  and  besidi's,  it  may  pos* 
sihly  be  supplied  by  (hose  tclesca])ic  comets,  many  of 
which  are  ol^rved,  which  have  no  appearance  of  any 
solid  nucleus,  seeming  to  be  mere  collections  of  va|K>urs 
condensed  about  a centre. 

The  sun,  contempluUxl  with  the  assistance  of  the  doc- 
tors theory,  **  appears  to  be  iiotfiing  else  than  a very 
large,  eminent,  lucid  planet,  evidently  the  first,  or  in* 
dei‘d  the  only  primary  one  of  our  system  ; all  others  be- 
ing truly  secondary  tu  it.  Its  similarity  to  the  other 
globes  of  (he  solar  system,  with  n*gard  to  its  solidity,  its 
atmosphere,  and  its  diversifled  surface;  the  rotation  on 
its  axis,  and  the  fall  of  heavy  bodies,  lead  us  on  to  sup- 
pose that  it  is  must  probably  also  inhabited,  like  (he  reiit 
of  the  planets,  by  beings  whose  organs  ^rc  adapted  to  the 
peculiar  circuinstanct's  of  that  vast  globe.'' 

Should  it  be  objected  that  the  hrat  of  the  sun  renders 
it  unfit  for  a habitable  world,  Dr.  II.  answers,  that  heat 
is  produced  by  the  sun's  rays  only  when  they  act  on  a 
calorific  medium,  and  that  they  arc  the  cause  of  the 
production  of  heat,  by  uniting  with  the  matter  of  fire, 
which  is  contained  in  the  substances  that  arc  heated. 
Dr.  H.  suggests  other  comidcrations,  intended  to  invali- 
date the  nbj«'ciion.  lie  then  deduces  from  analogy  a 
variety  of  arguments,  in  ortler  to  confirm  the  notion  of 
the  sun’s  being  habitable ; and  infers  that,  if  the  sun  be 
capable  of  accommodating  inhabitants,  the  other  stars, 
which  an*  suns  may  be  appropriated  to  the  same  use; 
and  thus,'  says  he,  we  see  at  uoce  what  an  extensive  held 
for  amniaiion  opens  it(clf  to  our  view.  Philos.  Trans. 
Abriik.  viii.  17,  pa.47fl.  Sec  also  Spots. 

Dr.  lierftt'hvl  has  made  many  interesting  experiments 
on  the  naiurt*  of  the  sun’s  rays,  and  has  thus  firmly  esU- 
blishid  a fact  which  had  long  U'cn  disputed  between  phi- 
losophers, namely,  the  ivep<inire  identity  of  light  and  hrat : 
lh<kl  they  are  both  subj«ri  to  the  laws  of  reflection  and 
refru-iion  ; that  they  an*  each  of  diflerent  rcfrangibilily, 
are  liable  to  be  stopped  in  certain  proportion^  when  irans- 
milted  through  diaphanous  budten;  and  (hat  they  arc 
liitblv  to  be  scntten*d  on  rough  surfaces.  Tb(*M*  curious 
facts  went*  di*>c<»v>  red  by  the  doctor  in  his  optical  experi- 
ments on  Coloured  gliss,  in  which  he  was  led  tu  examine 
the  dufertiice  U*iw»cn  the  colouicd  rays  of  the  sun  with 
Tegbid  to  their  healing  power.  He  thereby  discovered 
Hml  the  most  refracted  rt)*s  of  light,  the  violet,  possess 
the  lowest  heaimg  power;  and  the  least  refracted,  the 
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rid,  the  greatest  power,  and  the  mean  rays  of  the  pris- 
matic sp4‘Ctrum  showfd  an  intermediate  power.  '1  bus,  tn 
the  n-d  rays  the  thermunuter,  by  the  average  of  several 
expc-rimt'iits,  lose  t)J  degrix**;  in  the  gtH^n  ray>  3i  de- 
grein;  and  the  violet  2 degrees;  or  in  round  numbers, 
the  effect  of  the  red  rayv  was  to  that  of  the  green  as  9 to 
4,  and  to  that  of  the  violi-l  as  7 to  2. 

Pur>uing  those  experiments,  the  same  philosopher 
found  the  range  of  dispersiou  of  the  rays  ol  b<‘al  by  Uic 
prism,  10  differ  most  esscolially  fix»m  that  of  light ; lor 
on  applying  thermometers  of  great  sensibility  uinl  suc- 
cessively in  a line,  U ginning  at  the  violet  rays,  proceevl- 
ing  along  the  prismatic  spectrum,  be  found  not  only  the 
heal  increased  by  advancing  towards  the  red,  or  least  re- 
fracted rays,  but  (hat  (be  heat  was  greatest  at  a siiihU 
distance  beyond  the  extreme  limits  of  (he  spectrum,  tnat 
is,  where  no  rays  of  light  at  all  fell ; and  still  coniinulng 
to  advance  the  thermometer  in  the  same  line,  the  heat 
then  gradually  diminished,  (ill  it  became  too  small  to  be 
noticed.  This  most  curious  and  important  discovery 
shows,  tlu  refore,  both  an  entire  separation  of  heal  from 
light  in  the  solar  ray,  and  rcfrangibility  of  one  from  the 
other,  which  tc^vlher  go  near  to  citabiisb  the  separate 
identity  of  caloric  and  light,  and  cause  precisely  the 
same  arguments  Used  (n  demonstrate  the  materiality  of 
light  to  apply  to  the  materiality  of  heal. 

Theseexperi  mcntsofUr.Herschel  have  been  fully  Confirm- 
ed bysir  II.  Knglefield,  whose apparatuswercsomcwhal  dif- 
ferent, and  more  accurate.  The  particulars  of  which  are  as 
follow.  The  coloured  rays  of  the  spectrum  were  succes- 
sively and  singly  thrown  on  a leus  (ull  the  others  being 
excfudetl  by  a screen),  the  thermometer  with  a blacken- 
ed ball  being  placed  in  its  focus,  and  allowed  to  remain 
there  some  time  after  it  bad  ceosed  to  rise,  that  the  full 
effect  miglit  be  secur«*d.  Tlius  circumstanced, 


In  the  blue  ray  from  - - 55®  to  56® 

green  -----  54  to  58 

yi'ilow  - • - • 56”  to  (i2 

red  -----  36  lo  72 

Quito  out  of  visible  light  - (>1  to  79 


Thcae  exponments  were  repealed  several  times,  and  in 
all  with  very  closely  corresponding  results,  and  the  most 
striking  and  novel  phenomenon  was  manifest  in  all,  nanu-ly, 
the  rive  of  the  ihcrmomeler,  when  passed  beyond  the 
extreme  point  of  the  luminous  spectrum  on  the  nd  side, 
and  its  fait  when  agnin  carried  back  into  the  u‘d  light. 

At  to  the  Figure  of  the  Sun  ; this,  like  the  planets,  is 
not  perfccily  globular,  but  spheroidical,  being  higher 
about  the  equator  than  at  the  poles.  The  reason  of  which 
is  this:  the  sun  has  a motion  about  bis  own  axis;  ami 
therefore  the  solar  matter  will  have  an  endeavour  to  re- 
cede from  the  axis,  and  that  with  the  greater  force  as 
their  distances  from  it,  or  the  ciiclcs  they  move  in,  arc 
greater:  but  the  equator  is  the  grouiesl  circle;  and  (be 
n*st,  towards  the  poles,  continually  decrease;  therefore 
the  solar  matter,  though  at  first  in  a spherical  form,  will 
endeav<nir  to  recede  from  the  centre  of  the  equator  fur- 
ther than  from  the  centres  of  the  parallels.  ConH*- 
quetitly,  since  the  gravity,  by  which  it  is  retained  ia  its 
place,  is  suppoM*d  to  be  uniform  throughout  the  whvlo 
sun,  it  will  really  r»cedc  from  the  centre  more  at  the 
equator,  than  at  any  of  tlie  parallels ; and  hence  the 
sun’s  diameter  will  be  greater  (biough  the  equator,  than 
through  the  poles  ; that  is,  the  sun’s  figure  is  not  perfectly 
spherical,  but  spheroidical. 
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Sirerni particvlan  of  the  Sun,  rclate<l  by  Nowtnn,  in  hi» 
Principlu,  are  as  foilnsv  ; I . Thut  the  density  uf  the  sun’s 
hcu(,  which  is  pinportional  to  his  is  7 limes  as  grrut 
at  Mercury  as  w iili  us ; and  then  tore  our  water  tltcrc 
would  bi>  ail  CHrrieci  oflfin  vapour  : lor  he  feund  by 
rimcnis  oithe  tlnitmometer,  that  n beat  but  7 times  greater 
than  that  ol‘  the  sun  beams  in  summer,  will  serve  to  make 
water  boil. 

2.  That  the  quantity  of  matter  in  the  sun  is  to  that  in 
JupiliT,  nearly  as  1100  to  1;  and  that  the  distance  of 
that  planet  from  the  sun,  is  in  the  same  ratio  to  the  suns 
scmiiltaivctiT. 

3.  Thill  the  matter  in  the  sun  is  to  that  in  Saturn,  as 
2-i6'0  to  1 ; and  the  distance  of  Saturn  from  the  sun  is  in 
a ratio  but  little  Kss  than  that  of  the  sun’s  xmiidiameler. 
And  hence,  that  the  cotnmon  centre  of  gravity  of  tlic  sun 
and  Jupiter  is  nearly  in  the  BUjierficics  of  the  sun  ; of  the 
sun  and  Saturn,  a little  within  it. 

4.  And  by  the  same  mode  of  calcvtlation  it  will  be 
found,  that  the  common  centre  of  gravity  of  ail  the  pla- 
nets, cannot  be  more  than  the  length  of  llie  solar  diamider 
distant  from  the  centre  of  the  sun.  This  Common  centre 
of  gravity  he  provt-s  is  at  rest ; and  therefore  though  the 
sun,  by  reason  of  the  vuriutis  positions  of  ihc  planets,  may 
be  moved  every  way,  yel  it  cannot  recede  fur  from  the 
comroun  conttc  of  gravity,  and  this,  he  thinks,  ought  to^ 
accounled  the  centre  of  our  world.  Book  3,  prop.  12. 

5.  By  means  of  the  solar  s]k>Is  it  hath  bi-cn  discovered, 
that  the  sun  revolvi>»  round  bis  own  axis,  without  moving 
considerably  out  of  his  place,  in  about  23  days,  and  thut 
the  axis  of  this  motion  i«  inclined  to  the  ecliptic  in  an  an-^ 
glc  of  87^  30  nearly’.  The  sun’s  apparent  diameter  being 
smsibty  longer  in  December  than  in  June,  the  sun  must  i>e 
propornoiiably  nearer  to  the  earth  in  winter  than  in  sum- 
mer ; in  the  former  of  which  seasons  therefore  will  be  the 
perihelion,  in  the  latter  the  aphi  lion  : and  this  is  alvi  con- 
firmetl  hy  the  earth’s  motion  being  quicker  in  December 
than  in  June,  as  it  is  by  about  .^^part.  For  since  the 
earth  always  de<>enbrs  equal  areas  in  equal  times,  when- 
ever it  moves  swifter,  it  must  m’cds  be  nearer  to  the  sun : 
and  for  this  reason  there  arc  about  8 days  more  from  the 
sun’s  vernal  equinox  to  the  autumnal,  than  from  the  au- 
turonul  to  the  vernal. 

6.  That  the  sun’s  diameter  is  equal  to  100  diameters  of 
the  earth  ; and  thort'fnrc  the  body  of  the  sun  must  be 
l,000,0f»0  times  greater  than  that  of  the  earth. —Mr.  .\aout 
assures  us,  tlwit  he  observed,  by  a very  exact  method,  the 
sun’s  diameter  to  bo  n»  less  than  3 1'  43'’  in  his  apogee,  and 
not  greater  than  32'  -Jo"  in  his  perigee, 

7.  According  to  Newton,  in  his  theory  of  the  moon,  the 
mean  apparent  diameter  of  the  sun  is  32*  12".— The  sun’s 
horizontal  parallax  is  now  fixed  at  S’’-r5. 

8.  If  yon  divide  3t)0d<grees  (the  whtdc  ecliptic)  by  the 

quantity  of  the  solar  year.it  will  give  59*  which 

therefore  U the  medium  quantity  of  the  sun’s  daily  mo- 
tion ; ana  if  this  59'  3"  be  divided  by  24,  you  have  the 
siin%  horary  rD*>tion  equal  to  '/  23":  and  if  this  lost  be 
divided  by  (lO,  it  will  give  his  motion  in  a minute,  5tc. 
And  in  this  way  are  the  tables  of  the  sun’s  mean  motion 
cemsirucied,os  placed  in  books  of  nsitrunomical  tables  and 
calculation^. 

SUN  D.\Y,the  first  day  of  the  we<k;  thus  called  by  our 
idolatrous  aiicc5CorS|  because  set  apart  for  the  worship  of 
the  sun.— ft  is  sometimes  called  the  Lord’s  Day,  because 
kept  as  a feast  in  memory  of  our  Lord’s  resurrcctiuii  on 


this  day  : and  also  Sabbath-day,  becauM  substitoted  un- 
der the  new  law  instead  of  the  sabbath  in  (he  old  law.— 
It  was  Constantine  the  Great  who  first  made  a law  for  the 
obM'ivatiuii  of  hunday  ; and  who,  according  to  Eusetnus, 
appointed  that  it  should  be  regularly  celebrated  through- 
out the  Koman  empire. 

iiu.fliAY  Letter.  J>ee  Do.mi.vical /.ci/cr. 
SUPEUKICIAL,  relating  to  Superficies.  » 
hUPElUIClES,  or  Si  rpace,  m Geometry,  the  out- 
side or  tycterior  face  of  any  body.  This  is  ctm»idered  as 
having  the  two  dimensions  of  length  and  breadth  only,  but 
no  thickness;  and  therefore  it  makes  no  part  of  the  sub- 
stance-ot  solid  content  or  niaiteriof  the  body.  The  terms 
or  bounds  or  extremities  of  a superficies,  arc  lines;  and 
*u|N  rficies  may  be  considi  red  us  grncruted  by  the  motil>ni 
of  lini'S.— Superficies  are  either  rectilinear,  cunilimar, 
plane,  concave,  or  convex.  v 

llectihnenr  SuPCHFiciES,  is  bounded  by  right  lines. 
Curcitu}enr  Super  riciES,  is  bounded  by  curve  lines. 
/Vanr  Sv  PERFiciEs,  is  that  which  has  no  inequality  in 
it,  nor  risings,  nor  sinkings,  but  lies  evenly  aad  straight 
throughout,  so  that  a right  line  may  wholly  coincide  with 
it  in  ail  parts  atid'diriTtions.  ' 

Convex  buPERFiciE-S,  is  that  which  is  curved  and  rises 
outwards. 

Concttoc  SUPEUFICIEA,  is  curved  and  s>nk«  inward. 

The  iiieustire  or  quantity  of  a surface,  is  called  its  area. 
And  the  finding  of  iliis  measure  or  urea,  is  sometimes 
called  the  quadrature  of  it,  mc^ining  the  reducing  it  to  an 
equal  square,  or  to  a certain  number  of  smaller  squares. 
For  all  plane  figures,  and  the  surfaces  of  all  bodies,  aiw 
measured  by  squares  ; as  square  inches  or  square  ft%'t,  or 
square  yaids,  Ac ; that  H,squar<>s  whose  sides  are  inches, 
or  feet,  or  yards,  &c.  Our  least  superficial  measure  is 
the  square  inch,  and  other  squares  are  taken  from  it  ac- 
coiiling  to  the  proportion  in  the  following  table  of  &u[K'r- 
ficial  or  square  mcjisurc.  • 

144  square  inches  = I square  foot 
9 square  feet  =s  1 square  yard 
30}  square  yards  = 1 square  p<»l« 
ifi  square  poles  = 1 square  chain 
10  square  chums  = 1 acio 
()40  acres  = i square  mile. 

The  superficial  measure  of  all  bodies  and  figures  dependa 
enttirly  on  that  of  a rectangle  ; and  this  i»  found  by  draw- 
ing or  multiplying  the  len^^th  by  the  breadth  of  it;'  ns  it 
proved  from  plane  geometry  only,  in  my  Mensuration, 
pL  2,  sect.  1,  prob.  I.  From  the  area  of  the  rectangle  we 
obtain  that  of  any  oblique  parallelognim,  wfaicb.  by  geo- 
metry, is  equal  to  a rectangle  of  equal  base  and  altitude; 
thimcc  a triangle,  which  U the  half  of  such  a parallclogrura 
or  rectangle;  and  hence,  by  composition,  we  obtain  the 
siqierficies  of  all  other  figures  whatever,  as  these  may  be 
consiilered  as  matle  up  of  triangles  only. 

Besides  this  way  of  deriving  the  superficies  of  all  figures, 
which  is  the  most  simple  and  natural,  as  proceeding  on 
common  geometry  alone,  there  arc  certain  other  methods; 
such  as  the  methods  of  exhaustion.-,  of  tlu.xiuns,  Ac.  bee 
these  articles  in  their  places,  as  also  Quadratures. 

Line  of  Superficies,  h line  usually  found  on  the  sec- 
tor, and  Gunter’s  scale.  The  description  and  use  of  which, 
see  under  Sector,  andOuNTEtt’s  Scale. 

SUPPLEMENT,  of  an  arch,  or  angle,  in  Georoetrx-  or 
Trigonometty,  is  what  it  wants  of  a semicircle,  or  of  IbO 
degrees;  uthe  complement  iswb«lit  wants  ofa  quadrant. 
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or  of  90  degree*.  So,  the  supplcmetl  of  50®  is  130’;  as 
ihc  complement  of  U is  40^, 

SUKii,  in  Arithmetic  and  Algebra,  denotes  a number 
or  quantity  that  is  incommensurate  to  unity ; or  that  is 
ine:(pre^iblc  in  rational  ntiinlx'rv  by  any  known  wuy  tif 
notation,  otherwise  than  by  its  radical  sign  or  index.«~ 
This  is  otherwise  called  an  irrational  or  incoinmcnburablc 
number,  as  also  an  imperfect  power. 

The  square  roots  of  all  numbers  except  I,  4,  Pi  lf>i  23, 
36,  &c,  (which  are  the  squares  of  the  whole  numbers  1 , 2, 
3,  4,  5, 6,  8lc,)  are  surds,  or  incammrmurabits ; after  the 
same  manner,  the  cube  roots  of  all  numbers  except  the 
cubes  of  1,  2,  S,  4,  5,  6,  &c,  are  surds.  At.J  it  is  utual 
to  denote  such  root  by  setting  before  it  the  prt»pt‘f  mark 
of  tadicalily,  which  is  and  placing  above  this  radical 
sign  the  number  that  shows  what  kind  of  root  is  intended. 
Thus,  ^2  or  y^2  signihes  the  square  root  of  2,  ami  ^10 
the  culw  root  of  10 ; which  roots,  because  it  is  impossible 
to  express  them  in  numbers  exactly,  arc  properly  called 
surd  roots- 

Another  wjy  of  notation,  by  which  nmtsarc  expressed, 
is  by  fractional  indices,  svithout  the  radical  sign  : thus, 
as  z*t  X*,  denote  the  square,  cu^,  4tb  power,  &C, 

I t 1 

ofx;  sox’",  x^,  X , &c,  denoU?  the  square  root,  cube 
• root,  4ih  root,  &c,  of  the  same  quantity  x.— 1'hc  reason  of 

which  is  evident ; for  since  is  a gcumetiical  mean 
proportional  betwern  1 und  x,  so  4 arithmetical 
mean  between  0 and  1 ; and  therefore,  as  2 Is  the  index 
of  the  square  of  x,  \ will  be  the  proper  index  of  its  squatty 
root,  Arc. 

It  may  be  obsc-iwed  that,  for  convenience,  or  the  sake 
of  brevity,  quantities  which  are  not  naturally  surds,  are 
often  expressetl  in  the  form  of  surd  roots.  Thus  v^4,  y'J, 
^27,  are  thesameas  2,  3, 

Surds  are  either  timplc  or  compound. 

SintpIe^Sv  KXi»,  arc  such  as  are  expresu'd  by  one  single 
term  ; as  ^/2,  ori/a,  &c. 

Compound  Sunos,  are  such  as  consist  of  two  or  more 
simple  surds  connected  together  by  the  signs  -►  or  — i as 
y'S  -h  v^2,  or  ^3  — or  ^{5  -*•  v^2)  : which  last 
is  called  an  universal  root,  and  denotes  the  cubic  root  of 
the  sura  arising  by  adding  5 and  the  root  of  2 together. 

0/  certain  Operations  by  SurJs, 

1.  Such  surds  as  v^2,  ^^3,  ^5,  &c,  though  they  are 
themselves  incommensurable  with  unity,  accordiiig  to  the 
dchnition,  arc  commensurable  in  power  with  it,  because 
their  powers  arc  integers,  which  arc  multiples  of  unity. 
They  may  also  besometimes  commensurable  with  one  an- 
other; 89  ./Sand  y^2,  .which  arc  to  each  other  as  2 to  1, 
us  is  found  by  dividing  them  by  their  greatest  common 
measure,  which  is  >/2,  for  then  those  two  become  ^4=s  2, 
and  1 the  ratio. 

2,  To  reduce  Hntional  Quantities  to  the  form  of  any  pro^ 
posed  Surd  Hoott. — Involve  the  rational  quantity  according 
to  the  index  of  the  power  of  the  surd,  and  then  prefix  b^ 
fore  that  power  the  proposed  radical  sign. 

Thus  rt  es  ^a*  = ^a’  ss  ice. 

and  4 ss  ~ ~ 

And  in  this  vray  may  a simple  surd  fraction,  whose  ra- 
dical sign  refers  to  only  one  of  its  terms,  be  changed  into 
another,  which  shall  include  both  numerator  and  deiiorai- 
naior.  Thus, 

is  reduced  to  ^ and  ^ to  thus  also  the 


quantity  a reduced  to  the  form  of  x"  or  {/x,  is  (o*)"or 
^a*.  And  thus  may  rouh  with  rational  coefficients  be 
reduced  voas  to  be  wholly  alTcctcd  by  the  radical  sign  ; as 

«^x  =s 

3-  To  rediice  Simple  Surds,  hftvini*  diferent  radicaf  signs' 
(urAiVA  are  called  keiero^emal  Stirds)  to  others  that  may  have 
me  common  radical  sif^n,  or  uhich  are  homogeneal : Or  to 
reduce  roots  of  different  names  to  roots  ff  the  same  name.—- 
Involve  the  powers  reciprocally,  each  according  to  the  in- 
dex of  the  othiT,  for  new  powers;  and  roultiply  their  in- 
dices togeilicr,  for  the  common  index.  Otherwise,  as 
surds  tnay  bo  considered  as  powers  with  fractional  expo- 
nent!*, reduce  these  fractional  exponents  t<»  fractions  hav- 
ing the  Siirne  value  and  a common  denominator.— Thus, 
by  the  1st  method, 

(/a  and  yx  breome  o'*  and 
and,  by  the  2d  method, 

XX  X X 

a”  and  i"*  IxToroe  (a"*)*""  and 
AIm)  v^3  and  ^2  use  resluccd  to  ^27  and  ^^hicb 
arc  equal  to’ them,  and  have  a common  radical  sign. 

4.  To  reduce  Surds  to  their  moU  simple  expresuons,  or 
to  the  lowest  terms  possible. — Divide  the  surd  by  the  great- 
est power,  of  the  sumc  name  with  that  of  the  r.-ut,  which 
is  Contained  in  itj,  and  which  will  measure  or  divide  it 
without  a remainder;  then  extract  the  root  of  that  power, 
and  place  il  before  the  quotient  or  surd  so  divided  ; this 
will  produce  a new  surd  of  the  same  value  with  the 
former,  but  in  more  simple  terms.  'I'hus,  by 

dividing  by  Hiu*,  and  prefixing  its  root  4o.  before  the 
quotient  ^x,  btTumes  4<ty^x ; in  like  mauner,  v^l2  =s 
V(4  * 3)  = 2V^3 ; 

And  ^ab'x  reduces  to  b^ax, 

Also^/SI  =r^27x3  = x 3 = 3^3. 

And  v/2SS  = v^l44  x 2 = 12^2. 

3.  To  Add  and  Subtract  Sards. — When  they  arc  re- 
duced to  their  lowest  terms,  if  they  have  the  same  irra- 
tional part,  add  or  subtract  their  rational  coefficients, 
and  to  the  sum  or  difference  subjoin  the  common  irrational 
part. 

Thus,  v^75f^4S  = 5y3-r-  4v/3  = 9v^3; 
and  ^/l30-v'54  = = 2y/6; 

also  y/a’x  -h  yf  C*X  = a ^X  C ./x  =S  (a-*-c)y/x. 
Or  such  surds  may  be  added  and  subtracted,  by  iink.t 
squaring  them  (by  uniting  the  square  of  each  part  with 
double  their  product),  and  then  extracting  the  root  uni- 
versal of  the  whole.  'I'bus,  for  the  first  example  above, 
^75  s-  v/48  = v^(75  -1-  48-1-  2^73  * 48)  = 
^(123  2^3600)  =s  ^(123  120)  = 

1/2A3  rs  9v^3,  the  same  as  before. 

If  the  quantities  cannot  be  reduced  to  the  same  irra- 
tional part,  they  can  only  be  connected  by  the  signs 
or  — . 

6.  To  Multiply  end  Divide  Surds.—^U  the  terms  have 
the  same  radical,  they  will  be  multiplied  and  divided  like 
powers,  viz,  by  adding  their  indices  for  multiplication, 
nnd  subtracting  them  for  divyon.  Thus, 

y/fi  x^a  = X o'*’  o*  X a®  = o^  = 

and  s/2  X ^2  = 2^  =:  t/2>  = t/32; 

I I I 

also  y/o  -r*  = t/di 

and  y/2  T-  v/2  = 2*  = ^/2. 
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ir  the  quantitiu^  lie  difibrent,  but  under  the  same  radi* 
c»l  ; multiply  ur  divide  the  quantities,  and  place  the 
k radical  sign  to  (he  product  or  quotient. 

Thus,  v^3  * = \/l0; 

and  ^a*  x = ^a^c; 

, also  ^54  -r  = y/27  = 3. 

But  if  (he  surds  have  not  the^amc  radical  sign,  reduce 
tiu'm  to  such  as  sbull  have  the  same  radical  sign,  and 
proceed  as  before.*  • 

Thus,  X^a  K ^6  = X =r  ; , 

and  x^4  = ^2’ « {/4*  = {/S  x 16  = ^/128. 

If  the  surds  have  any  riitional  coefficients,  their  product 
or  quotient  must  be  prefixed. 

Tims,  5y6  X 3^3  = I0v/18  =s  30v'2  4 
and  Sv/5  ^2^6  = 4^^. 

7.  Involution  and  £ro/«/i6A  ((f  Surds. — Surds  are  in- 
volved, ur  raised  to  any  power,  by  multiplying  their  in- 
dices by  the  index  of  the  power;  and  they  are  evolved  or 
extracted,  by  dividing  their  indices  by  tbc  index  of  the 
root. 

Thus,  the  square  of^2  or  of  2^,  is  2^  = ^4 ; 

and  the  cube  of  y'S  or  of  is  5^  = ^^125  ; 

also  the  square  root  of ^4  or  4’,  is  4*  = 2^  =v^2. 

Or  thus:  Involve  or  extract  the  quantity  under  the 
radical  sign  according  to  the  power  or  root  required,  con- 
tinuing the  same  radical  sign. 

So  the  square  of  is  ; 
end  the  square  root  of  ^4,  is^2. 

Unless  the  index  of  the  power  it  the  same  as  the  name 
of  (he  surd,  or  a multiple  of  it,  for  in  that  case  the  puivcr 
of  the  surd  becomes  rational.  Thus,  the  square  of  4/^ 
is  3,  and  (he  cube  oi^g}  is  a*. 

Simple  surds  arc  commensurable  in  power,  and  by  be- 
ing multiplied  by  themselves  give,  at  length,  rational 
quantities:  but  compound  surds,  multiplied  by  themselves, 
commonly  give  irrational  products.  Vet,  in  this  case,  when 
any  compound  suni  is  proposed,  there  is  another  compound 
surd,  which,  multiplied  by  it,  gives  a rational* product. 
Tlius,  4/ a 4/b  multiplied  by  */a  — t/b  gives  a — b\ 

and  l/a^^b  mult,  by  \/n*  s-  ^ab  -t-^i^glves  a — 4. 
The  finding  of  such  a surd  as  multiplying  the  proposed 
surd  gives  u rational  product,  is  made  easy  by  three ,theo- 
ivms  delivered  by  Ajaclaurin,  in  his  Algebra,  pa.  109  &c. 

This  Operation  is  of  use  in  reducing  surd  expressions 
to  more  simple  forms.  Thus,  suppose  a binomial  surd 
'divided  by  another,  as  %/20  -i-  v^l2  by  -y/5  — ^3,  the 
quotient  might  be  expressed  by 

,/20  *■  4/t‘i  9v^.1  , , . , 

expressed  in 

a more  simple  form,  by  multiplying  both  numerator  and 
denominator  by  such  a surd  as  makes  the  product  of  the 
denominator  become  ii  rational  quantity  : thus,  multiply- 
ing them  by  ^/5  ^/3,  the  fraction  or  quotient  becomes 

Q X »V=>  _ „ fv'S  + ✓D* 

^ V^v  — v'-l  v^>  + i 

v'(5-+-s/3)\=  8 -*-2y/15. 

To  do  this  generally,  sec  ^fac]auri^'s  Alg.  11. 113. 

\\ lien  the  square  root  of  a surd  is  requiroo,  it  may  be 
found  by  extracting  thb  root  of  a rational  quan- 
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tity  that  approximates  to  k-t  value.  Thus,  to  find  the 
square  root  of  3 -h  2^2;  first  find  the  ^2  =s  1-41421  ; 
hence  3 2^2  s 5'82842,  the  loot  ol  which  is  uearlv 

2-41421  = I -t-  v^2.  ^ 

In  Hkc  uianiur  we  may  procfcil  with  any  other  pro- 
posed root.  /\nd  if  the  >ndo»  of  the  root  be  very  high, 
u table  of  logarithms  uiay  be  used  to  advantage:  thus, 
to  extract  the  root  ^(5*^  V^17)*  take  the  logarithm  of 
17»  divide  It  by  13,  find  the  number  answering  to  the 
quotient,  add  this  number  to  3,  find  the  log.  of  Tbe  sum, 
and  divide  it  by  7,  and  (he  number  answering  to  tbit’ 
quotient  will  be  nearly  equal  to^/(5  *^17). 

But  it  is  sometimes  requisite  to  express  the  roots  of 
surds  exactly  by  other  surds.  Thus,  in  tbc  first  exam- 
ple, the  square  root  of  3 2^/2  is  1 ^J2,  because 

(I  •«- V^2)’  = I -♦-5^2 -^2  = 3^  V<2.  *or  the  me- 
thod of  potforoiing  this,  (lie  curious  reader  may  consult 
Maclauriiis  Algek  pa.  115,  where  also  rules  for  trino- 
mials dee  may  be  found.  Si-e  also  the  articla  Binomial 
•WooTr,  in  this  Dictionary. 

For  cxlruciing  the  higher  roots  of  a binomial,  uboie 
two  members  when  squared  arc  commensurable  numbers 
we  have  a rule  in  Newtons  Ariih.  pa. 59,  but  without 
demonstration.  This  is  supplied  by  Maclaurin,  in  his 
Alg.  piL  120:  as  also  by  Gravesande,  in  bis  Malhcbcoii 
Univers.  Elcm.  pa.  21 1.  , 

It  sometimes  happens,  in  the  solution  of  cubic  equa- 
tions, (hat  binomials  of  this  form  — I occur,  the 

cube  roots  of  which  must  be  found;  and  to  these  New- 
ton's rule  cannot  always  be  applied,  because  of  the  im- 
possible or  iraaginaiy  factor  i yet  if  the  root  be 

expressible  in  miiunal  numbers,  the  rule  will  often  yield 
to  it  in  a short  way,  not  merely  tentative,  the  (rials  being 
confined  16  known  limits.  iSee  .Madaurin’t  Alg.  pa.  127. 
It  may  be  further  observed,  that  such  roots,  whether  ex- 
pressible in  rational  numbera  or  not,  may  be  ftund  by 
evolving  the  quantity  a 5 ^ - I by  Newton's  binomial 
theorem,  and  summing  up  the  aUernate  terms.  Maclau- 
rin,  p.  130. 

Those  who  arc  desirous  of  a gencr*]  and  elegant  solu- 
tion of  (he  problem,  to  extract  any  root  of  an  impossible 
bioomiai  a 4 b^—l,  or  of  tt  possible  binomial  a ^ 
may  have  recourse  to  (he  appendix  to  Sauoderson's  Alge- 
bra, and  to  the  Philos.  Trans.  No.451.  On,  the  ma- 
nagement of  surds,  see  al>o  the  numerous  authors  upon 
Algebra. 

SURFACE,  in  Geometry.  See SirpxRricits. 

A MatAfmatical  Suhfacb  is  the  mere  exterior  face 
of  a body,  but  is  not  aoy  part  of  it,  being  of  no  thickness, 
but  only  the  bare  figure  or  termination  of  the  body.  • 

A Pkjfsical  SuuvACK  is  considered  as  of  some  very 
small  thickness.  * 

SURSOLID,  in  Arithmetic,  the  5lh  power  of  a num- 
ber, considered  as  a root.  The  number  2,  for  instance, 
considered  as  a root,  produces  the  powers  thus: 

2 s 2 tbc  root  or  lit  power, 

2 x S 3 4 tbc  5<|uarc  nr  2d  power, 

2 X .4  s:  8 the  cube  or  3d  power, 

2 X 8 s l(>  the  biquadratic  or  4th  power, 

2 X 1()  s 32  the  sursoiid  or  5(h  power. 

Si/RSOLID  Problem^  is  that  which  cannot  be  resolved 
but  by  curves  of  a higher  kind  (hnn  the  conic  secthms. 

SURV  EYING,  the  art  of  measuring  land;  which  com- 
prises the  three  following  parts;  via,  taking  the  dimen- 
sions of  any  tract  or  piece  of  ground  ; the  delineating  or 

3P 


Digiiized  by  CoogU 


SUE  r 474  1 SUE 


lairing  it  down  in  a map  or  draught ; and  finding  the  su* 
perficial  content  or  area  of  the  same ; besides  the  dividing 
and  laying  out  of  land».  The  first  of  thcK  n what  U 
properly  called  Surveying;  the  second  is  called  plultingf 
or  protracting,  or  mapping;  ami  the  third  casting  up,  or 
computing  the  contents.  • 

The  fir.1  again  consists  of  two  parts,  the  making  of  ob- 
serratinns  for  the  angle»i  and  the  taking  of  lineal  men* 
suret  for  the  distances.  The  funner  of  tliese  is  perliinncd 
by  some  of  the  following  instruments;  the  theodolite, 
circumferentor,  semicircle,  plain-table,  or  compaw,  or 
even  by  the  chain  itself:  the  bilee  is  performed  by  means 
either  of  the  chain,  or  the  perambulator.  The  descrip- 
tion and  manner  of  using  each  of  ihcsc^  see  under  its 
respectivcArticle. 

it  is  UH^il  In  surveying,  to  take  the  angles  which  the 
bounding  lines  form  with  the  magnetic  needle,  in  ortler 
to  check  the  angles  of  the  figure,  and*to  plot  them  con- 
eenienilv  aflerwanls.  But.  ns  the  difference  between  the 
true  and  magnetic  meiidian  \h  rpeiually  varies  in  nil 
plarr*.  and  at  all  limes;  it  is  impossible  to  compare  two 
aurviys  of  thi’  same  place,  taken  at  distant  tiroes,  by 
magnetic  instruments,  without  making  due  allowance  for 
this  variation.  Sci?  observations  on  this  subject,  by  Mr. 
Molineux,  Philos.  Tnins.'Mo.  2;i0,  pa  62.*^. 

The  second  branch  ufiprveying  is  jwrformed  by  meuns 
of  the  protractor,  and  plotting  scale.  The  description  of 
which,  sec  under  their  proper  names. 

If  the  lands  in  the  survey  are  hilly,  and  not  insiny  one 
plane,  the  measured  lines  Ciiniiut  be  tiuly  laid  down  on 
paper,  till  they  are  reduced  to  one  plarie,  ahith  must  bo 
the  horizontal  one,  becaust:  angles  are  taki-n  in  that  plane. 
And  in  this  cave,  when  observing  distant  objects,  for  their 
elevation  or  depression,  the  following  table  shoivs  the 
links  or  parts  to  be  sulitracfcd  from  t'ach  chain  in  the 
hypoilK^usal  line,  when  the  angle  is  the  corresponding 
number  of  degrees.  « 

A TABLr.  the  iink<i  to  he  mhiractfd  or/t  of  emy  chain 
. in  hypotheimuii  iine-i,  of  teverai  tiegres  qf  attitude  or 
depression,  for  reducing  them  to  horiiontat. 

tinkt  Vinks 

4«-  3'  - - - i 19"  57'  • - - 
544---i  21  34--.  7 

7 23  4--  - 8 

8 7 - - - 1 24  30  • . . 9 

J1  29  - • - 2 25  oO  - - 10 

14  4 - • - 3 27  8 - - U 

16  l6  - - - 4 28  22  - - - 12 

18  12  - - - 5 29  32  - - - 13 

For  example,  if  a station  line  measure  1250  links,  or 

l2i  chains,  on  an  a-cent,  or  a descent,  of  11°;  here  it 
is  after  the  rate  of  almost  two  links  per  chain,  and  it  will 
be  exact  4*nough  to  take  only  the  12  chains  at  that  rate, 
which  make  24  links  in  all,  to  be  deducted  from  1250, 
which  U'aves  122fi  links,  for  the  length  to  be  laid  down. 
Practical  surveyors  say,  it  is  best  to  make  this  deduction 
at  the  end  of  every  chain-length  while  measuring,  by 
drawing  the  chain  forward  every  time  as  much  as  the  dc> 
duction  is;  via,  in  the  present  instance,  drawing  the 
chain  on  2 links  at  each  chain-length. 

The  third  branch  of  surveying,  namely  computing  the 
contents,  is  performed  by  reducing  the  several  incli^ures 
and  divisions  into  triangles,  trapeaiums,  and  parallido- 
grams,  but  especially  the  two  former ; then  Ending  the 


areas  or  contenU  uf  these  several  figures,  and  ailding 
them  together.  * 

The  Practice  of  Surveying. 

1.  I.and  is  measured  with  a chain*  callt-d  Gunter's 

chain,  of  4 poles  or  22  yards  in  length,  which  cunsi-ts  of 
100  equal  links,  each  link  being  of  a laril,  or  /A  of 
a foot,  or  7*92  inebn  long,  that  is  nearly  8 mcbis  or  | of 
n foot.  • 

An  acre  of  land  is  equal  to  10  square  chains,  that  is, 

10  chains  in  h-ngib  lAnl  1 chain  in  breadth. 

Or  it  is  40  a 4 or  ibO  square  poles. 

Or  it  is  220  x 22  or  4840  square  yaids. 

Or  it  is  lOUU  x 100  or  UK)000  square  links. 

These  b<‘tng  all  the  same  quantity. 

Also,  an  acre  is  divided  into  4 parts  calletl  roodv,  and 
a rood  into  *40  parts  called  perche*,  which  arv'  square 
poll's,  or  the  square  of  a pnie  of  54  >«tds  Ion*?,  or  the 
square  of  J of  a chain,  or  of  25  lird;s  which  is  62S 
square  links.  So  that  the  divisions  ol  land  miasufc  will 
be  thus: 

C25  sq.  links  ss  1 pole  or  peicK 
40  perches  ^ ! khkI 
4 n^otls  =:  i acre.  • 

The  Irugiti  of  lines,  measured  with  a chain,  aft;  set 
down  in  links  as  integers,  every  chain  in  length  being  iOO 
links;  and  not  in  chums  and  deciinals.  Therefoie,  aher 
the  ciiiptrnt  is  found,  it  will  U'  in  square  links;  then  cut 
off  five  lignreson  the  right  hand  for  decimals,  and  the  rest 
will  be  acres.  '1  hose  decimals  are  then  multiplied  by 
4 for  roods,  and  the  decimals  of  thisc  again  by  4r)  for 
perches. 

2.  Among  the  various  instruments  for  surveying,  the 
plain  table  is  the  ea«iesl  and  most  geneialiy  tisi-Jul,  c.spc- 
cially  in  crooki'd  dilficult  plate**,  as  iii  a town  among 
houses,  &c.  Vet  there  are  cast's  in  which  this  cannot  be 
conveniently  used,  as  different  suivcys  n quire  difk'rcnt’  •*> 
instruments,  and  the  surveyor  must  judge  which  is  the 
fittest  instrument  and  mrthnd,  and  use  it  accordingly : 
nay,  sometimes  no  instrument  at  ail,  but  baiely  the  chain 
itself,  is  llic  last  method,  particularly  in  ix'gular  o|»en 
fields  lying  together;  and  cvi-n  when  tiding  the  pUin-tabIc, 

it  is  often  of  advantage  to  meosure  such  large  open  parts 
with  the  chain  only,  and  from  those  measures  lay  them 
down  upon  the  table. 

'I  he  perambulator  is  used  for  measuring  roads,  and 
other  great  di»laiices  on  level  ground,  and  by  the  sides  of 
rivers.  It  has  a wheel  of  8}  feci,  or  half  n pole,  in  cir- 
cumference, upon  H-hich  the  machine  iuitw;  and  the  di- 
stance measured  is  pointed  out  by  an  index,  which  is 
moved  round  by  cluvk  work. 

Li'vels.  w ith  telescopic  or  other  sights,  are  used  to  find 
the  level  between  piece  and  place,  or  how  much  one  place 
is  higher  or  lower  than  another. 

An  offset*  staff  is  a very  useful  nnd  necessary  instru- 
ment, for  measuring  the  offsets  and  other  short  distances. 

It  is  10  links  in  length,  being  divided  and  niutked  ut  each 
of  the  10  links. 

Ten  small  arrows,  or  rods  of  iron  or  wood,  are  used  to 
mark  the  end  of  every  chain  length,  in  measuring  lines. 

And  someiinu's  pickets,  nr  staves  with  tUgs,  a.e  set  up  as 
marks  or  objects  of  direction.  • 

Vurimis  scales  arc  olso  ysed  in  protracting  and  mca- 
suiing  on  the  plan  or  paper;  such  as  pi.'ine  scales,  liim  of 
chords,  protracior,  compasses,  reducing  scabs,  parallel 
and  {>erpctidicular  ruleis,  &c.  Uf  plane  4caUs,  thcra 
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khoulJ  be  several  kizeti,  as  a chain  in  1 inch,  a chain  in  | 
of  All  inch,  a chain  in  | of  an  inch,  Stc^  Am)  of  these, 
the  best  for  use  are  those  that  are  laid  on  the  very  edgea 
of  tlie  ivory  scale,  to  prick  off  distances  without 
compasses. 

•*  3.  The  Field  BooL 

III  survesing  with  the  plain-uble,  a field-book  is  not 
usi'd,  as  every  thing  is  drawn  on  the  tnbie  imimdiuk'ly'* 
when  it  is  meaMued.  But  in  surveying  with  the  theodo- 
lite, or  any  other  instrument,  some  kind  of  a ficid-book 
must  Ic  used,  to  write  down  in  it  a register  nr  account  of 
all  (bat  is  done  and  occurs  relative  to  the  survey  in  hand. 
Anti  this  book  every  one  contrives  and  rules  as  he  thinks 
litlest  fur  himself. 

Btit  a few  skilful  surveyors  now  make  use  of  a new  me- 
thod for  the  fi'dd-book,  namely,  beginning  at  the  bottom 
of  the  P'lgc  and  writing  upwards;  by  which  they  sketch  a 
neat  boundary  on  either  hand,  as  they  pass  It ; an  example 
of  which  will  be  given  1k*)ow,  with  the  plan  of  tbe  ground 
to  accompany  it. 

In  smaller  surveys  and  measurements,  a good  way  of 
setting  down  the  work,  is,  to  draw,  by  the  eye,  on  a piece 
of  paper,  a figure  roembliiig  tliot  which  is  to  be  measured ; 
and  so  write  the  dimensions,  as  they  are  found,  against 
liie  corresponding  parts  of  the  figure.  And  (his  method 
may  be  practised  to  a considerable  extent,  even  in  the 
larger  surreys. 

Fur  all  the  parts  of  surveying,  and  with  all  the  instru- 
ments, see  my  large  book  on  Mensuration;  also  my 
Course  of  Maihcmaiics. 

The  Sew  Method  of  .Suro^ing. 

Instead  of  the  foregoing  method,  nn  ingenious  friend 
(Mr.  Abraham  Crocker),  after  mentioning  the  new  and 
improved  nsethod  of  keeping  the  field-book  by  writing  from 
bottom  to  top  of  the  pages,  observes  that,  '*  In  (he  former 
method  of  measurmg  a large  estate,  the  accuracy  of  it 
depends  on  the  correctness  of  the  instruments  used  in 
taking  thi'  angles.  To  avoid  the  errors  incident  to  such  a 
multitude  of  angles,  other  methods  have  of  late  years  been 
used  by  some  few  skilful  surveyors;  the  most  practical', 
expeditious,  and  currerl,  seems  to  be  the  following. 

*'  As  was  advised  in  fi^rmer  methods,  so  in  this, 
choose  two  or  more  eminences,  as  grand  stations,  and 
raeasure  a principal  base  line  from  one  station  fo  (he 
other,  noting  every  hedge,  brook,  or  other  remarkable 
object  as  you  pass  by  it ; measuring  also  such  short  per- 
pendicular hues  to  such  bends  of  hedges  as  may  be  near  at 
hand.  From  the  extremities  of  this  base  line,  or  from 
any  convenient  parts  of  the  same,  go  ofi  with  other  lines 
to  some  remarkable  object  situated  towards  the  sides  of 
(he  estate,  without  regarding  the  angles  they  make  with 
the  base  line  nr  with  one  another ; still  remembering  to 
note  every  hedge,  brook  or  other  object  that  you  pass  by. 
Those  lines,  when  laid  down  by  intersections,  will  with 
(he  base  line  form  a grand  triangle  upon  the  estate;  se- 
veral of  which,  if  need  be,  b<'tT]i!  thus  laid  down,  you 
may  proceeti  to  form  other  smaller  triangles  and  trape- 
zuuls  on  tlic  sides  of  the  former:  and  so  on,  until  you 
finish  with  the  enclosures  individually. 

To  iliuslnite  this  excellent  method,  lot  us  take  ab 
(in  the  plan  of  an  estate,  fig.  1 , pi.  34)  for  the  principal 
base  lino.  From  b go  off  to  tbe  tree  at  c ; noting  down, 
in  the  field-book,  every  cross  hedge,  hs  you  measure  on; 
and  from  c measure  b-ick  to  the  first  station  at  a,  noting 
down  every  thing  as  before  directed. 


**  This  grand  triangle  being  completed,  and  laid  down 
dn  the  rough-plan  paper,  the  parts,  exterior  as  well  as 
interior,  are  to  be  completed  by  smaller  triangles  and 
trapezoids. 

*'  When  the  whole  plan  is  laid  down  on  paper,  tbe 
contents  of  each  field  might  bo  calculated  by  tbe  methods 
laid  down  below  in  mensuration. 

• **  111  countries  where  the  lands  are  enclosed  with  high 
hedges,  and  where  many  lanes  pass  through  au  estate,  a 
theodolite  may  be  used  to  advantage,  in  measuring  the 
.angles  of  such  lands;  by  which  mi'aiis,  a kind  of  skeieloa 
of  flic  estate  may  be  obtained,  and  the  lane-lines  serve  os 
the  bases  of  such  triangles  and  trapccuids  as  arc  necessary 
to  fill  up  to  tbe  interior  parts.*' 

The  method  of  measuring  the  other  cross  lines,  ofi’-sets 
and  interior  parts  and  enclosures,  appears  in  the  plan, 
tig.  1 , last  referred  to. 

)6.  Another  ingenious  correspondent  (Mr.  John  Rod- 
ham of  Richmond,  Yorkshire)  has  also  communicated 
the  following  example  of  the  new  method  of  surveying, 
accompanied  by  the  field-book,  and  its  correspoi^ing 
plan.  His  account  of  the  method  is  as  follows. 

The  field-book  )s  ruled  into  three  columns.  In  (he 
middle  one  are  set  down  the  distances  on  the  chain  line  at 
which  any  mark,  offset,  or  other  observation  is  made  ; and 
in  the  right  and  left  hand  columns  are  entered,  tbe  offsets 
and  observations  made  on  the  right  and  left  band  respec- 
tively of  the  chain  line. 

It  is  of  great  advantage,  both  for  brevity  and  pcrspi« 
cuity,  to  begin  at  the  bottom  of  the  leaf  and  write  up- 
wards; denoting  the  crossing  of  fences,  by  lines  drawn 
across  the  middle  column,  or  only  a part  of  such  a line 
on  the  right  and  left  opposite  the  figures,  to  avoid  confu- 
sion, and  the  corners  of  fields,  and  other  remarkable 
turns  in  tbe  fences  where  ol^ts  are  taken  to,  by  lines 
joining  in  the  manner  the  fences  do,  as  will  be  best  seen 
by  comparing  the  book  with  the  plan  annexed,  fig.  2^ 
pi.  34.  - , 

The  marks  called  a,  F,  c,'3rc,  are  best  made  in  the  • 
fields,  by  making  a small  bole  with  a spade,  and  a ebij^ 
or  small  hit  of  wood,  with  the  particular  letter  upon  it, 
may  be  pul  in,  to  prevent  one  mark  being  taken  for  ano- 
ther, on  any  return  to  it.  But  in  general,  the  name  of  a 
mark  is  very  easily  had  by  referring  in  the  book  to  the  line 
it  was  made  in.  -After  the  small  alphabet  is  gorve  through, 
the  capitals  may  be  next,  the  print  letters  afterwards, 
and  so  on,  which  answer  the  purpose  of  so  many  different 
IcUors;  or  the  m.'irks  may  be  numbered. 

The  letter  in  the  left  hand  comer  at  the  beginning  of 
every  line,  is  the  mark  or  place  measured  from;  and. 
that  at  the  right  hand  corner  nt  the  cud,  is  the  mark  mea- 
sured to.  But  when  it  is  not  convenient  to  go  exactly 
from  a mark,  the  place  Measured  from,  is  described  such 
a distance  from  one  mark  towards  another;  and  where  a 
mark  is  not  measured  to,  the  exact  place  is  ascertained 
by  saying,  turn  to  ilic  right  or  left  hand,  such  a distance 
to  such  a mark,  it  being  always  undertood  that  those 
distances  arc  taken  in  the  chain  line. 

The  characters  used,  arc  r for  turn  to  (he  right  hand, 

—\  for  turn  to  the  left  hand,  and  a placed  over  an  oUscl, 
to  show  that  it  is  not  taken  at  angles  with  the  chain  line, 
but  in  the  line  with  some  straight  fence;  being  ebiefty 
used  when  crossing  their  directions,  and  is  a beller  way 
of  obtuining  their  true  places  than  by  offsets  at  right 


Digitized  by  Google 


sun 


S U 11 


i 476  ] 


Vfben  a line  is  mrasurcii  wUosc  position  is  determined, 
ejtlier  by  lorim-r  work  (us  in  the  ruse  ol  pruduc'itig  a given 
line  or  measuring  from  one  known  place  or  mark  to  ano> 
ther)  or  by  itM'il  (as  in  the  third  side  of  a tnangie)  it  it 
caiii-d  u tu»t  ime,  and  a double  Ime  across  the  Iwok  is 
drawn  at  the  conclusion  of  it ; but  if  its  poniiion  is  not 
defcrininctt  (as  in  rhe  M-cond  side  of  n triangle)  it  is  called 
a loose  line,  and  a single  line  it  drawn  across  the  book. 
Wbon  u line  becomes  determined  in  position,  and  is  afnr- 
ward>  continued,  a double  line  baif  through  the  book  is 
drawn.  • 

When  a loose  line  is  mcn^ured,  it  becomes  absolutely 
necessary  to  measure  some  oilier  line  that  will  determine 
its  position*  Thus,  the  tir»t  line  oA,  being  iSe  base  of  a 
triangle,  is  always  delcrinincd  i but  (he  position  of  the 
second  side  docs  not  liecome  determined,  (ill  the  third 
side  is  mouburrd ; then  the  iriHiigie  may  Ik*  constructed, 
and  the  position  of  botli  is  determined. 

At  the  bt'ginningof  a lino,  to  fix  a loose  line  to  the  mark 
or  place  measured  from,  tlie  sign  of  turning  lo  the  right 
or  left  hand  must  be  added  (as  at  j in  the  third  tine); 
otherwise  a st/aiiger,  when  laying  down  the  work  may  as 
easily  construct  the  triangle  hjb  on  th^  wrong  side  of  the 
line  «A,  as  on  the  right  one : but  this  errtir  cannot  be 
fallen  into,  if  the  sign  above  named  be  carefully  ubserv'cd. 

In  cho«!>ing  a line  lo  fix  u louse  one,  care  must  be  taken 
that  it  dues  not  make  a very  acute  or  obtUH*  angle  ; as  in 
the  triangle  par,  by  the  angle  at  a being  very  obtuse,  a 
small  deviation  from  truth,  even  the  breadth  of  a point  at 
p or  r,  would  make  the  error  at  b whun  constructed  very 
considerable;  but  by  coustruettng  the iritiiigle /’D<7,  such 
a deviatirm  is  of  no  consequence. 

Where  the  wonU  /care  arc  written  in  the  field-book, 
it  is  to  signify  that  the  taking  of  ofisets  is  from  thence  dis- 
continued ; and  of  course  something  is  wanting  between 
that  and  ibc  next  offset. 

The  field-book  above  referred  to,  is  engraved  on  plate 
35,  in  four  parts,  rcprcsetiting  so  many  pages,  each  of 
which  is  suppoKd  to  begin  m the  bottom,  and  end  at  top. 
And  the  map'or  plan  belonging  lo  it,  in  fig.  2,  pi.  3*.  ' 
SuiTt^io  r of  Harbours, 

The  method  of  surveying  harbours,  and  of  forming  maps 
of  them,  as  also  of  the  adjacent  coasts,  sands,  btc,  de- 
pentU  on  the  same  principles,  and  is  chiclly  conducted 
like  that  of  common  surveying.  The  operation  is  indeed 
mure  complicated  and  laborious;  as  it  is  necessary  to 
erect  a number  of  signals,  and  to  mark  a variety  of  objects 
along  the  C'leist,  with  different  beitrings  from  one  another, 
and  the  several  parts  of  the  harbour;  and  likewise  to 
measure  a gri-at  number  of  unglt^s  at  difi'ercat  stations, 
wliether  on  the  land  or  the  water.  For  this  purpose,  the 
best  instrument  is  Hadley’s  quadrant,  a*  all  these  opera- 
tion^ may  be  pvrfi>rraed  by  it,  n<»t  only  with  gn^atcr  ease, 
but  also  with  much  more  precision,  than  can  be  hoped 
for  by  any  other  means;  as  it  is  the  only  instrument  in 
u«c,  in  which  neither  Uic  exactness  of  the  tibservations, 
n T the  ease  with  which  they  may  be  made,  are  sonsiblj 
affected  by  the  motion  of  a vessel : and  hence  a single  ob- 
server, in  a bout,  may  generally  determine  the  situation 
of  any  place  at  pleasure,  with  a sufticirnt  degree  of  exact- 
ncsv,  by  taking  the  angles  subtonded  by  several  pairs  of 
objects  prorpirly  chosen  upon  shore*  at  different  pUci** 
about  him  ; huiit  will  be  still  belter  tohave  two  ohatTvers, 
or  the  same  ob^  rverat  different  stations,  to  lake  ibe  like 
angles  to  the  several  objects,  and  ahm  lo  the  stations.  By 


this  means,  two  angles  and  one  side  are  given,  in  every 
triangle,  from  whence  tlic  situation  of  every  purl  ut  them 
will  Ih.*  known.  By  such  obwrvatioiis,  when  carefully 
made  with  good  mstrumenls,  the  situation  of  places  may 
be  easily  di-ierniiiu'd  to  20  or  30  feet,  or  less,  upon  ev»ry 
3 or  4 luiics.  ine  Philos.  Trans,  vol.  53,  pu.  70;  also 
iVIackeiixie’s  Maritime  Surveying. 

• Sji' RVEYixo  C>o«.  Sec  Cross. 

SuRVEViao  Quadrant,  bee  Qcaduxbt. 

SbKVEVtKo  iscfl/e,  the  same  with  lledttcing  Scale. 

bt’HVKYtSO  IMlCfl.  bee  PcRASa  Rt'I.A  TOR. 

bUUV I VOIISHIP,  the  doctrine  of  Ueverdonary  pay- 
ments (hat  depend  upon  certain  cuniitigencics,  or  contm- 
gent  circumsiancts.  Payments  which  ate  not  to  be  made 
till  some  future  period,  are  termed  rcvcrsiuus,  lo  distin- 
guish them  from  payments  that  arc  lo  be  made  imme- 
diately. 

Ueversions  arc  either  certain  or  coniingcnt.  Of  the 
former  sort,  aro  uH  syms  or  unnqilics,  payable  certainly 
nr  absolutely  at  the  expiration  of  any  terms,  or  on  the 
extipction  of  any  liv(>s.  And  of  the  lutu  r sort,  are  all 
such  reversions  us  defiend  on  any  contingency  ; and  par- 
ticularly the  survivorship  of  any  lives  beyond  or  alter 
other  lives.  An  account  of  the  former  mny  be  found 
under  the  articles  Assurance,  Annuiius,  and  J.ife-annui- 
ties.  But  the  latter  fuiiu  the  most  iiilricaie  and  diflicuit 
part  of  the  doctrine  of  reversions  amt  )if<»Mtmuith  >;  hiuI 
the  books  in  which  this  subject  is  treated  most  at  Urge, 
and  at  the  same  time  with  ihe  most  precision,  aie  Mr. 
Simpvun's  Select  Fxercisi's;  l)r.  Price’s  Reversionary  Pay- 
ments ; .Mr.  Morgan's  Annuities  and  .Assurances  on  Live* 
and  Survivorships;  and  Mr.  Buyly's  Anmnlies.  'Ihe  whole 
likewise  of  the  3d  volume  of  Dodson's  Mathematical  Re- 
pository is  on  (bis  subject ; but  in*  investigation*  arc 
founded  on  Demoivre's  false  hypothesis,  vir,  of  an  i-({ual 
decrement  of  life  through  all  its  stugi**,  and  vthich  is  ex- 
pUiiiK'd  under  Life>uimuitii** ; but  a»  this  bypuUiesis  dot* 
not  agree  near  enough  to  fact  and  experience,  the  rules 
deduced  from  it  cannot  be  sufficiently  correct.  For  (his 
reason,  Dr.  Price,  and  also  Mr.  Maseres,  cursitor  baron 
of  the  exchequer  (in  two  volumes  lately  published,  enti- 
tled the  Principle*  of  the  Doctrine  of  Life  Annuities), 
have  divcaided  the  valuations  of  lives  founded  upon  it; 
and  the  former  in  particular,  in  order  to  obviate  all  occa- 
sion for  using  (hem,  bus  substituted  in  their  stead,  a gieat 
variety  of  now  tables  of  the  probabiliik's  and  values  of 
live**,  at  every  age  and  in  every  situation  ; caJculaied,  not 
upon  any  hypothesis,  but  in  strict  cvmfoririity  to  the  best 
observations.  l'hv*sc  tables,  added  toother  new  Uibic&of 
the  same  kind,  in  Mr.Uarnn  .MaH*rcss  work  just  mentioned, 
form  a complete  set  of  tables,  by  wittch  all  questions  re- 
lating to  annuities  on  lives  and  survivorships,  may  be  an- 
swered with  as  much  correctness  as  the  nature  of  the  sub- 
ject admits  of. 

Rules  for  calculating  correctly,  in  roost  costas,  the  values 
of  reversions  depending  on  survivorships  may.be  fopnd  io  ' 
the  several  treatises  just  roeniioned.  Mr.  Morgan,  in  par- 
ticular, has  gone  a good  way  towards  exhausting  this  sub- 
ject, as  far  as  any  qui*s(ions'  can  include  in  them  any  sur- 
vivorships between  two  or  three  lives,  cither  for  terms,  or 
the  whole  duration  of  the  liv^s. 

There  is,  however,  one  circumstance  necessary  to  be 
attended  to  in  calculating  such  values  to  which  no  regard 
could  be  paid  till  lately.  I'his  circumstance  is  Ibesb.'rter 
duration  of  the  live*  of  males  than  of  females ; and'  ib« 
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C(»asi'C|U(  nt  advantage  in  favour  of  fnnalcs  in  all  caMS  of 
survivorship.  In  the  4th  edition  of  *lJr.  Price’s 'I'reatise 
on  lU-vvniiunary  Payments  this  fact  is  nut  only  ascer' 
iBitvrd,  but  separate  tubles  of  the  duration  und  vujues  of 
lives  arc  given  for  matey  and  femait  s. 

SUSPl-'NSlUN,  in  Mechanics,  as  in  a balance,  arc 
those  points  in  the  axis  or  beam  where  the  weights  are 
aj>plied,  or  from  which  they  are  suspended. 

SPTrON'a  J^itndrant.  See  Quadkant. 

SWAN,  in  Astronomy.  SccCyukus. 

SWALLOW's-Tail,  m rortificatiun,  is  a singletcnniilf, 
which  is  narrower  towards  the  place  than  towards  the 
country.  ^ 

SWANPAN,  or  Chittest  A^cu$,  an  instrument  for  per- 
forming arilhructical  operations,  described  by  Du  Haldc 
in  Im  History  of  China.  SeeARACVS. 

• SWING* If'Aeef,  in  a royal  pendulum,'  is  that  wheel 
wliich  drives  the  pendulum.  In  a watch,  or  balance 
clock,  it  is  Ctilled  the  crown^uhtd. 

SVDKIIKAL or  r««r.  Sec  SiDF.&r.Ai» 

SY.MME’i'HV,  the  relation  of  parity,  both  in  respect 
oflengih,  breudili,  imd  height,  ol  the  parts  necessary  to 
compose  a beautiful  wlioie.  Symmetry  arives  from  that 
proportion  which  the  Greeks  Call  analogy,  which  is  the  re- 
lation nf  coniurfnity  of  all  the  parts  of  a builtfing,  ami  of 
the  whole,  to  some  certain  measure ; upon  which  depends 
the  nature  of  symmetry. 

According  to  Vitruvius,  symmetry  consists  in  the  union 
and  conformity  of  llu:  several  inerol^rs  of  u work  to  thc-ir 
whole,  am)  of  the  Ixauiy  of  each  of  ihc  separate  parts 
to  that  of  the  entire  work ; regard  being  bud  to  some 
certain  measure:  so  tiic  body,  for  instance,  is  framed 
with  symmetry,  by  the  due  relaftun  which  the  Hnii, 
elbow,  hand,  lingers,  Ac,  have  to  each  other,  and  to 
their  wlmle. 

SYMPllUNV',  is  n consonance  or  concert  of  several 
.sounds  agreeable  to  the  cur ; whether  they  be  vocal  or  in- 
strumental, or  both;  called  also  harmony.  The  sym- 
phony of  the  ancients  went  m>  farther  then  to  tsvo  or  more 
voices  or  inslrurnents  set  to  unison  ; for  they  had  no  such 
thing  as  music  in  parts;  as  is  very  well  proved  by*  Per- 
ruuU:  nt  least,  if  ever  they  knew  such  a thing,  it  must 
have  been  lust  very  early. 

It  is  to  Guido  Arcline,  about  the  year  102^,  that  most 
w riters  agree  in  ascribing  the  invention  nf  composition  : it 
was  he,  they  say,  who  liist  joined  in  one  harmony  si'verui 
rlislinct  melodies ; and  brought  k even  to  the  length  of 
4 parts,  viz,  ba:«s,  tenor,  counter-tenor,  and  iriblc. 

, The  term  symphony  is  now  applied  to  instrumental 
music,  both  that  of  pieces  dcsigm*d  only  for  instruments, 
as  sonnias  and  Concertos,  and  that  in  which  the  instru- 
ments are  accompanied  w’tlh  the  voice,  as  in  upems,  Ac. 
A piece  IS  said  to  be  in  grand  symphony,  when,  liesidrs 
the  bass  and  treble,  it  has  also  two  other  inslruincnial 
parts,  viz,  tenor  and  5th  of  ih*'  violin. 

bY  NCHKUNii^M,  the  being  or  happening  of  several 
things  together,  at  or  in  the  same  time.  The  happening 
or  performing  of  scvcrul  things  in  equal  limes,  as  the  vi- 
brations of  pendulums.  Ac,  is  more  properly  callc€  iso- 
chrunism  ; though  some  authors  confound  the  two. 

SiVNCOPATION,  in  Music,  is  u striking  or  breaking 
of  the  time  ; by  which  the  distincine^  of  (be  several  turns 
or  part**  of  the  measure  is  interrupted, 

Syncopation,  orSvNCoPE,  is  more  particularly  u^cd 
for  the  coiim'Cling  the  last  note  of  ouc  measure  or  bur 
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with  the  first  of  the  following  measure;  so  as  to  make 
only  one  note  of  both. 

bYNCOP.sTioK  is  also  used  when  a note  of  one  part  ends 
on  the  middle  of  k note  of  the  other  part,  • This  tv  other'- 
wive  called  binding. 

SYNODICAL  Months  k the  period  or  irtterval  of  time 
in  which  the  moon  pasM*v  from  one  corijunctinn  with  the 
sun  to  another.  This  |Kri<>d  is  also  c.ilkd  a Lunation, 
since  in  this  period  the  moon  puts  on  all  her  phases,  or 
yp|)caranccs,  as  to  increase  and  decrease.— Kepler  found 
the  quantity  of  the  mean  fynodicul  month  to  be  29  days, 
12  brs.  44  miu.  3 hn:.  1 1 thirds. 

SVNTHK^IS,  denotes  a method  of  composition,  as 
opposed  to  analysis.  In  the  synthesis^  or  sytiiliclic  me- 
thod, 'dc  pursue  the  truth  by  reasons  drawn  from  prin- 
ciples before  esiablisbi-d,  or  assumed,  and  propositions 
formerly  proved  ; thus  pn  cording  by  a regular  chain  till 
wc  come  to  the  conclusion ; and  bcncc  called  also  the 
direct  nicibud,  and  composition,  in  opposition  to  analysis 
or  resolution.  Such  is  the  method  in  Euclid’s  Elements, 
ami  roost  dt  mouslratioiis  of  the  ancient  mathematicians, 
which  proceed  from  definitions  and  a.xioms,  to  prove  theo- 
rems Ac,  and  from  those  theurems  proved,  to  demonstrate 
others.  See  .ANAtYSis, 

SVNTMETIC.AL  Method,  the  method  by  synthesis,  or 
conip<Mtion,  or  the  direct  mdtbod.  Sec  SYNTfitsii. 

SYPHON,  See  SiPiios. 

SVKINGE,  in  Hydntulics,  a small  simple  machine, 
serving  fiist  to  imbibe  or  suck  in  a quantity  of  water,  or 
other  fiuid,  and  then  to  cx(H‘)  the  same  with  vioU  ncc  in 
a small  JeU  I'hc  syringe  is  a small  single  sucking  pump, 
without  a valve,  the  water  ascending  in  it  on  the  same 
principle.  It  consists,  like  the  pump,  of  a small  cylinder, 
with  an  cmliofus  or  sucker,  moving  up  and  down  in  it  by 
nu'unv  of  a handle,  and  fitting  it  very  close  within.  At 
the  lower  end  is  cither  a smalt  bole,  or  u smaller  tube 
fixed  to  it  than  the  body  of  the  iasirunteni,  through  which 
the  thud  or  the  water  is  drawn  up,  pud  squirted  out  again. 

This  useent  of  the  water  the  ancients,  who  supposed  u 
plenum,  attributed  to  nature’s  abhorrence  of  a vacuum; 
but  the  moderns,  more  reasonably,  as  well  as  more  in- 
telligibly, attribute  it  to  the  prewure  of  the  atmosphere  on 
the  extenor  surface  <d*  the  fluid.  For,  by  drawing  up  the 
efhbolus,  the  cavity  of  Ihc  cylinder  wreutd  become  a va- 
cuum. or  the  air  left  there  extremely  rarefied;  so  that 
being  no  longer  A counterbalance  to  the  air  incumbent  cm 
the  surface  of  the  fluid,  this  prevails,  and  forces  the  water 
througJi  the  little  tube,  or  hole,  up  into  the  body  of  the 
syringe. 

SYS’I'EM,  in  a general  sense,  denotes  an.  ossembliigc. 
nr  chain  of  principles  and  conclusions:  or  the  whole  of 
any  doctrine,  the  several  puils  of  which  are  bound  toge- 
ther, and  follow  or  depi-nd  on  each  other:  as  » system 
of  lutronumy,  a system  of  planets,  us)steni  ofphilusophy, 
a system  of  motion,  Ac. 

System  , in  Astronomy,  denotes  an  hypothesis  or  a sup- 
p«ttitiot»  of  a certain  order  and  arrangemeiil  of  the  several 
parts  of  the  universe;  by  which  asirorKunors  explain  all 
the  phenomerm  or  appearances  of  the  heaven!)  bi»dies, 
ihelr  motions  changes,  Ac.  1 his  is  more  peculiarly  called 
the  System  of  the  world,  and  sometimes  the  Solar  System. 

System  and  hypothesis  have  much  the  same  signification; 
unless  perhaps  bypothesU  he  a more  parlicnlarsysicm,  and 
system  a moie  geiscral  hypothesis.  Some  Intr  aiithor<»  in- 
deed make  another  disliiiction:  nn  hypothesis,  say  they, 
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is  a fTicrc  supposition  or  fictioii)  founded  rather  on  imagi* 
nation  than  rt'asoti ; v^hilc  a system  is  built  on  the  firmest 
ground,  and  raised  by  the  severest  rules;  it  is  founded  on 
astronomical  oliservaiionsy  one)  physical  causes,  and  con« 
firmed  by  geometrical  demoiHtraiirms. 

The  r.jost  celebrated  systems  of  the  world,  are  the  Pto- 
lemaic, IhcCopeniicanor  Pylbogorenn,  and  fhcTychonic  t 
the  econotny.uf  each  of  which  is  as  follows. 

J‘ioiatuitc  SrsTESt  is  so  called  from  the  celebrated  astro- 
noirur  Ptolemy.  In  this  system,  the  earth  is  placed  at 
rest,  in  the  coiirc  of  the  universe,  while  the  heavens  are 
Considered  as  revolving  about  it,  from  eovt  to  West,  and 
carrying  along  with  ihcin  all  the  hcaveuly  bmlies,  the  stars 
and  planets,  in  the  space  of  24  hours.  The  pfincipal 
asserlors  of  this  system,  arc  Aristotle,  Hippsrchui>,  Pt^dc- 
my,  and  many  of  the  old  philosophers;  and  indeed  almost 
all  astronomers,  for  a great  number  of  ages,  supported 
this  system.  But  the  late  improvements  in  philosophy  and 
reasoning,  liavc  utterly  exploded  this  erroneous  system 
from  the  place  it  so  lung  held  in  the  minds  of  men. 

Copemican  System,  is  that  system  of  the  world  which 
places  the  sun  at  rest,  in  the  centre  of  the  world,  and  the 
earth  and  planets  revolving  about  him,  in  their  several 
orbits.  See  this  more  particularly  explained  under  the 
article CoprRNlCAX  Sysiem, 

Solar  or  Pianciary  System,  is  usually  confined  to  nar- 
rower bounds;  liic  stars,  by  their  immense  distance,  and 
the  little  ixdation  they  seem  to  bear  to  us,  being  account- 
ed no  part  of  it.  It  is  highly  probable  that  each  fixed 
star  is  itself  a sun,  and  the  centre  of  a particular  system, 
surrounded  with  a company  of  planets  &c,  which,  in  dif- 
ferent penods,  and  at  diffident  distances,  perftirm  ibeir 
courses  round  their  respective  sun,  which  enlightens, 
warms,  and  cherishes  them.  Hence  we  have  a very  nmg- 
nificcni  idea  of  the  world,  and  the  immertsity  of  it*  Hence 
also  arises  a kind  of  system  of  systems. 

The  planetary  system,  describ'd  under  the  article  Co- 
PERNICAX,  is  (he most  ancient  in  the  world.  It  was  first 
of  all,  as  far  as  we  know,  introduced  intoGreeccand  Italy 
by  Pythagoras  ; from  whom  it  was  called  the  Pythagorean 
System.  It  was  fidiuwcd  by  Philolaus,  Plato,  Archimedes, 
&c:  hut  it  WHS  lost  under  the  reign  of  the  Peripatetic 
philoMtphy  ; tili'liappily  retrieved  about  the  year  1500  by 
Copernicus. 

Tychonic  System,  was  taught  by  Tycho,  a Dane  ; who 
was  born  an.  dom.  1346..  It  supposes  that  the  earth  is 
fixed  in  tlir  centre  of  the  universe  or  firmament  of  stars, 
and  that  all  the  stars  And  planets  revolve  round  the  earth 
in2ih>mrs;  but  it  differs  from  the  Ptolemaic  system,  as 
‘it  not  only  allows  a menstrua)  motion  to  the  moon  round 
the  eartii,  and  that  of  the  satellites  about  Jupiter  and  Sa- 
turn, in  their  proper  periods,  but  it  makes  the  sun  to  be 
the  centra*  uf  the  orbits  of  the  primary  planets  Mercury, 
Venus,  Mars,  Jupiter,  ^c,  in -which  they  arc  carried  round 


the  sun  in  iheir  respective  years,  as  the  sun  rev/ilves  round 
(he  earth  in  a solar  year;  and  ail  these  planets,  lagetber 
with  the  sun,  are  supposed  to  revolve  round  the  earth  in 
24  hour*.  This  liypotht-sts  was  so  embarrassed  and^r- 
plrxed,  that  very  few  persons  embraced  it.  It  was  alter- 
wards  altered  by  Longoincmtanus  and  others,  whoatlnwed 
the  diurnal  ^notion  of  the  earth  on  its  own  axis,  but  de- 
nied its  annual  motion  round  the  sun.  This  hypothesis, 
partly  true,  and  partly  false,  is  called  lire  s<  mi-'r)cbonic 
system.  See  tiic  figure  and  economy  of  these  systems,  in 
plutt*s  36  nnd  37. 

System,  in  Music,  denotes  a crimpound  interval;  or 
an  interval  composed,  or  cunreyred  lobe  conipoMrd  of  se- 
veral less  intervals.  Such  is  the  octave,  &tc, 

SVbTYLK,  in  Architecture,  the  manner  of  placing  co- 
luihns,  where  the  space  between  the  two  fusts  consists  of 
2 diameters,  or >4  modules.  * 

SYZ\  GY,  a term  vqualiy  used  fur  the  conjunction  and 
opposition  of  a planet  with  the  sun— On  the  phenomena 
and  circmmtances  of  the  $yz\gies,  a great  part  of  the 
lunar  theory  depends.  See  Moox.  For, 

1.  It  U shown  in  the  physical  astronomy,  that  the  force 
winch  ditnimshes  the  gravity  of  the  moon  in  the  tyzygies, 
is  double  that  uhieh  increases  it  in  the  quadratures ; so 
that,  in  the  syEygit*s,  ibegravily  of  the  moon  is  diminlsheil 
by  a part  which  is  to  the  whole  giavity,  as  1 to  39'36; 
for  in  the  quadratures,  ihc  addition  of  gravity  is  to  (he 
whole  gravity,  as  1 to  I78‘73. 

2.  In  the  syzygies,  the  disturbing  force  is  directly  as  the 
divmnce  of  the  m<vm  from  the  earth,  and  inversely  as  the 
cube  of  the  distance  of  the  earth  from  the  sun.  And  at 
the  syzygies,  the  gravity  of  the  inpon  towards  the  earth  re- 
ceding from  its  centre,  is  more  diminishetl  than  according 
to  the  inverse  ratio  of  the  square  of  the  distance  from  that 
centre.— Ht'iice,  in  the  muon's  motion  from  the  syzygies 
to  the  quadratures,  the  gravity  of  the  moon  towards  the 
earth  is  continually  incn*av'd,  and  (he  moon  is  continually 
reiardiit  iu  her  mulion ; but  in  the  moon's  motion  iroiu 
the  quadratuix's  to  the  syzygies,  her  gravity  is  continually 
dtminishet),  and  the  motion  in  her  orbit  is  accclcratod. 

3.  Further,  in  the  syzygies,  the  moon's  orbit,  or  circuit 

roumi  the  (-arth,  is  more  convex  than  In  the  quadratures ; 
fur  whicli  reason  she  is  less  distant  from  the  earth  at  the 
former  than  the  latter.— Also,  when  the  moon  is  in  the  sy- 
*ygiw.  her  apses  go  backward,  or  an*  retrograde. — More- 
over, when  the  moon  is  in  the  sysygics,  the  nodes  move  in 
aniecedentia  fastest;  then  slower  end  slower,  till  they  bt*- 
coeie  at  rest  wlien  the  moon  isia  ihequadraiures.— I..fistly, 
when  the  nodes  arc  come  to  the  syzygios,  the  inclination 
of  the  plane  of  the  orbit  is  the  least  of  all.  * 

However,  these  scv'eral  irregularities  arc  not  equal  in 
each  syzygy,  U*ing  all  somewhat  greater  in  the  conjunc- 
tion than  in  the  opposition. 
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^^ABLK,  in  Architecture,  a smooth,  simple  member  or 
ornament,  of  various  forms,  but  most  commonly  in 
that  of  a panilh  logram. 

TABue,  in  Ferspective,  is  sometimes  used  for  the  per- 


spective planri  or  the  transporent  plane  on  which  the  oU- 
jecis  arc  formed  in  their  resfK'Ctive  oppeurance. 

Ta  BI.S  of  Pyihaqorasj  is  the  same  ba  the  MuLTt  PI  1C  a- 
TlOK  table;  which  see;  asulso  FYTtiACouAs’s  table. 
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Tablm,  in  Muthcmatics,  arc  fty^tcmsor  aeries  of  nunv- 
bers,  calcuUtcd  to  be  ready  at  hand  for  expediting  calcu- 
lations in  the  various  branches  of  nialhemulics ; as*  tables 
ul  powers,  or  roots  of  rt  ciprocah,  of  products,  &c. 

Attrvnomical  TAtiLBs,  an-  computations  of  the  motions, 
places,  and  other  phenomena  of  the  planets,  both  primary 
and  sceotulary.  The  oUlrst  astronomical  tables  extant  are 
those  of  Ptolemy,  toumi  in  his  Alind|resL  ThcM?  however 
are  nut  now  of  much  tise,as  they  no  longer  agree  with  the 
motions  of  the  iteasens. 

In  l'i62,  Alphunso  XI.  king  of  Castile,  undertook  the 
correcting  of  inein,  chiclly  by  the  assistnnee  of  Isaac  Ha- 
len,  a learm*d  Jew  ; and  spent  4O0.000  crowns  on  the  bu- 
siness. Thus  arose  the  Alphonsinc  tables,  to  which  that 
piince  himself  prefixed  a preface.  But  the  dchciuncy  of 
these  also  was  soon  perceived  by  Furoach  and  Muller,  or 
llegiomontanus ; on  which  the  latter,  niid  after  him  ^Vai- 
ther  Wartver,  applied  thcmsilves  to  cekstidi  idiservatlons, 
fur  further  improving  them  ; but  death,  or  various  diffi- 
culties, prevented  the  effect  of  these  laudable  designs. 

Co|iernicu$,  in  his  boi>ks  of  the  celestial  revuitilions, 
gives  other  latdes,  calculated  by  himself,  partly  from  his 
own  observations,  and  partly  from  the  Alphonsine  tables. 

From  Copernicus's  observations  and  -tlii'orvms,  hrasnnts 
Reinhold  aiterwards  coropihd  the  Prutenic  tables,  which 
have  been  printed  scveml  timet,  and  in  several  places. 

Tycho  Bralie,  even  in  his  youth,  became  M*nsiblc  of 
the  deficiency  of  the  Prutenic  tables:  which  determined 
him  to  apply  himself  with  so  much  vigour  to  crlesiial  ob- 
^ervatio^».  From  these  he  adjusted  the  motions  of  ilie 
sun  Mild  moon;  and  L.ongonmnranus,  from  the  same  ob- 
servations. constructed  tables  of  the  motions  of  the  pla- 
net's, which  be  added  to  the  theories  of  the  sanie,  ptib- 
lished  in  his  Asironoinia  Danica;  those  being  called  the 
Danish  tables.  And  Kepler  aUo,  from  the  same  obsi-jvn- 
tiuns,  publislu'd  in  1027  his  Uudulpbine  tables,  which  are 
much  c/Kx-med. 

Hifio  were  afterwards,  via,  in  l05O,  dianged  into  ano- 
ther form,  by  Maria  Cuniiia,  whoiui  astrononiirnl  tabb'«, 
compre  hending  the  effect  of  Kepler’s  physical  hypo(hesi«, 
are  very  easy,  satisfying  all  the  pheiimnena  without  any 
mrntkm  of  logarithms,  end  with  little  or  no  trouble  of 
calculation.  So  that  ihu  Rudolphinc  calculus  is  here 
greatly  improved. 

Ntc.  Merentor  made  a similar  atbmipt  in  his  Astrono- 
mical Institution,  publish^  m I6/6'.  As  did  also  J.  Rap. 
Morini,  whose  abridgement  of  the  Undolpbinc  tabb*s  was 
prefixed  to  a Latin  vtT^iun  of  StrtTt's  Aatronoinia  Caro- 
lina, published  in  1705.  lainsbiTg  indtxxl  endeavoured 
to  discri’dit  the  Rudolphinc  tables,  and  iramed  perpetual 
tables,  as  lie  c.tlls  them,  of  the  heavenly  motions.  But  bis 
ottempt  was  never  much  n'garded  by  the  astronomers; 
and  our  countryman  Horrox  warmly  attacked  him,  in  bis 
defence  of  the  Kcplcrian  astronomy. 

Since  the  Rudolphine  tables,  many  others  have  beea 
framed,  and  published:  as  the  Philolaic  tables  of  Bui-, 
liald  ; the  Britannic  Tables  of  Vincent  Wing,  calculated 
on  Bullirild’s  hypothesis:  the  Rritunoic  tables  of  John 
Newton;  the  French  ones  of  the  count  Pagan  ; the  Caro- 
tables  of  Street,  all  calculated  on  Ward’s  hypothesis ; 
and  the  Novelmajestic  tables  of  Riccioii.  Among  these, 
however,  the  Pnilolaic  and  Caroline  tables  arc  esteemed 
the  best : inM»much  that  Mr.  Whiston,  by  tho  advice  of 
Mr.  Flartf^tecd,^  thought  fit  to  subjoin  the  Caroline  tables 
CO  his  astronomical  lectures. 


The  Ludovician  tables,  published  in  1702,  by  Laliire, 
were  constructed  wholly  from  bis  own  observations,  and 
without  the  assistance  of  any  hyputbesis;  which,  before 
the  invention  of  the  miorometer  telescope  and  the  pendu- 
lum clock,  was  held  impossible.  * • 

Dr.  Halley  also  long  laboured  to  perfect  another  set  of 
tables  ; which  were  printed  in  17 19,  but  not  published  till 
J752. 

M.  Monnirr,  in  I716,  published,  in  his  Institutions 
Asirunomiques,  tables  of  the  motions  of  (he  sun  and  moon, 
with  the  salellitixi  ; av  als«>  of  n'frHCtions,  and  tbc  places 
of  (be  fixed  Stars.  Lahire  also  published  tables  of  tho 
planets,  and  Lacaille  tables  of  the  sun  : (*ael  Mon  in  pub- 
lished tables  of  the  sun  and  moon,  and  Mayt  rconstructcd 
tables  of  the  muon,  which  wea*  published  by  llu-  board  <if 
longitodr.  1 ables  of  the  same  have  also  btrn  computed 
by  Charles  Mason,  from  the  principles  of  the  Newtonian 
philosophy,  which  are  found  to  be  very  accurate,  and  arc 
employed  in  computing  the  Nautical  Kphemeris.  Many 
other  sets  of  astronomical  tables  have  also  b«  en  published 
by  various  prftuns  and  academics;  and  divers  sets  of 
them  may  be  found  in  (be  modern  books  of  astronomy, 
navigation,  &c,  of  which  those  are  e>t«emed  ani<mg  the 
best  that  are  printed  in  Lalande’s  Astronomy  ; in  \ nice’s 
Astroiinnriy  ; also  Delambxe’s,  Burg's;  and  Rurckbardt’s 
tables,  Ac.  For  an  account  of  several,  and  es;>ccinlly 
of  those  published  annually  under  the  direction  of  (he 
commissioners  of  longitude,  see  AlmaHac,  KriiEJigais, 
and  Longitude. 

For  Tablka  qf' the  .Sxars,  see  Catalogue. 

Tables  of  Sines^  Tuagen/s,  and  StemiSy  used  in  trigo- 
nometry, Ac,  are  usually  called  Canons.  Sine. 

Tables  qf  Loi^arithms,  Rhumh$t  Ac,  usixl  in  trigonome- 
try, navigation,  Ac,  sec  Logabithm,  and  Rhumb. 

Ta  blbs,  Loxodromic,  andq/*  Diffeunct  of  LatUudi  and 
Departure^  arc  tables  used  in  computing  the  way  gnd  rec- 
koning ol  a ship  on  a voyage,  and  are  publish^  in  most 
books  of  navigation. 

TACQUL*r-(AN  nnsw),  a Jesuit  of  Antwerp,  who  died 
in  l6bO.  lie  was  a most  Inborious  and  voluminous  writer 
in  mathematics.  His  works  were  collected,  and  prmird 
at  Antwerp  in  one  large  volume  in  folio,  I669,  TacqueC 
was  one  of  those  learneil  Jesuits  who  chiefly  cultivated  (he 
liberal  sciences  in  the  Kith  and  l7th  centuries.  Bt'sidcs 
the  collection  ot  his  works  above-mentioned,  be  hnd  before 
publisluxl  very  neat  editions  of  (he  Llrinents  of  Geome- 
try, and  of  .Arithmetic,  both  in  8vo.  In  matters  of  aMro- 
noniy,  his  fear  of  the  church  censures  H'ems  to  have  pre- 
‘vented  him  from  more  efticlually  defending  the  Coperni- 
Caii  $>stein  of  the  vforld.  A very  particular  and  salisfac- 
lory  account  of  the  collection  of  his  works  may  be  st-en  in 
the  Philos.  Tram.  vol.  3,  pa. 868,  or  in  my  Abridgment, 
vol.  I,  pa.314. 

TACTION,  in  Geomeity,  the  same  as  tangerrry,  or 
touching.  See  Tangent. 

Talus,  drTALUO,  in  Architecinre,  the  inclination  or 
slope  of  a work ; as  of  the  outside  cf  a wall,  when  its 
thickness  is  diiuinishcd  by  degrees,  as  it  rftca  in  height,  to 
make  it  the  flrnier.  • 

Talus,  in  Fonificaiion,  means  also  the  slope  of  a 
work,  whether  of  earth  or  masonry. 

The  EsUrior  Tn/a^of  a work,  is  its  slope  on  the  side 
outwards  or  towards  tne  country  ; which  is  always  made 
as  small  ns  possible,  t<^ prevent  (he  crvciny’s  escalade,  un- 
less the  eailh  be  bad,  lor  then  it  is  necessary  to  allow  a 
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Coniiderable  taUu  for  Us  parapet,  and  sncnclimcs  io  sup- 
port the  earth  with  a slight  wail,  called  a n'veteinrnt. 

The  htoior  Talus  of  a vtork.  Is  its  slope  on  (he  inside, 
towards  the  place.  This  is  larger  than  the  former,  and  it 
has,  at  the  angles  of  the  gorge,  and  sometime^  in  the  mid- 
dle of  the  curtains,  rain|>s,  or  sloping  roads  for  mounting 
upon  the  terreplain  of.thc  rampart. 

Superior  'I'alus  ttf  ihe  Parapet f is  n slope  on  the  top 
of  the  parapet,  that  allows  of  the  soldiers  defending  ilic 
covert-way  with  small-shot,  which  they  coqld  not  do  if  it 
were  level. 

TAMBOUR,  in  Architecture,  a term  applixl  to  the 
Corinthian  and  Composite  capitals,  as  bearing  some  re- 
semblance to  a tambour  or  drum. 

TAMUZ,  in  Chronology,  (he  4(h  month  of  the  Jewish 
ecclesiastical  year,  answering  to  part  of  our  June  and 
July.  The  I7ih  day  of  this  month  is  «bservc*d  by  the 
Jews  as  a fast,  in  memory  of  the  destruction  of  Jerusalem 
by  Ni  buchadnezrar,  in  (he  ) 1th  year  of  Zedekiah,  and  the 
588th  before  ChrKit. 

‘i  ANGKNClES  (Problem  of).  This  goneml  problem 
in  Geomctiy  furnishes  the  subject  of  one  of  the  12  tn*a- 
tiscs  described  by  Pappus  in  the  preface  to  the  7ili  bouk 
of  his  Maihematical  Collections.  The  general  problem  is 
(his:  Of  points,  right'lines,  and  circles,  any  three  being 
given  i to  describe  a circle  that  shall  pass  through  the 
given  points,  and  also  touch  the  given  lines. 

This  naturally  divides  into  10  distinct  propositions ; 
which,  if  the  three  things  be  thus  denoted,  viz,  a point 
by  the  mark  ( * ),  a line  by  (1),  and  u circle  by  (0), 
may  be  stated  very  brirdy  according  to  the  several  data, 
ill  the  following  order  ; viz,  (•  • l),  (•  II),  (I  lO),  ('  10), 

(100),  (•  • 0),  ( 00),  (000).  (■•■),  (m). 

I1ie  oiiginal  treatise  on  (his  subject,  by  Apollonius, 
having  been  lost,  (he  n-storation  of  it  has  lately  b<vn  at- 
tempted by  several  persons;  viz,  by  V^eta,  under  the* 
title  of  Apollonius  Gallus  t and  many  of  the  deficiencies 
were  supplied  by  Uhelaidus.  Afterwards  the  tactions 
were  restored  by  various  other  maihrmaticians,  both  geo« 
metrically  and  algebraically.  A treatise  on  llnin  by  O. 
Camcrar  was  published  at  Gotha  and  Amsterd.  in  1795; 
but  it  Contains  only  an  edition  of  \'icla's  treaiise,  with 
notes  and  additions,  uiid  a curious  history  of  tiir  problem. 
The  history  is  interesting,  from  the  accounts  it  contains 
of  the  labours  of  some  foreign  mathcmaticions  on  this 
problem,  which  are  little  known  in  this  c-ountrj.  He 
gives  the  preface  ami  lemmata  of  the  tactions  in  Git*ek, 
with  some  various  n*adtngs  of  several  manuscripts  of  Pap- 
pus. Though  Vieta’s  solutions  are  elegant,  yet  they  ard^ 
in  several  respects  deficient : there  is^ioi  a full  distinction 
either  of  the  cases,  or  of  the  necessary  determinations: 
no  analysis  is  given,  and  no  attempt  to  restore  the  Apol- 
lonian solutions  by  the  use  of  the  lemmata  in  Pappus, 
which  had  been  assumed  in  the  work  of  ApoIIunius. 

In  the  remaining  papers  of  Dr.  Rob.  Simson,  it  seems, 
are  found  solutions  of  some  of  the  cases  oftbis  problem. 
Also  the  treatises  of  V’ieta  and  Ghetaldus  Inisc  been 
translated  into^.nglish,  with  the  addition  of  a supplement, 
by  the  Rev.  John  Lawson,  and  a further  addition  of  Fer- 
mnt*s  Treatise  on  Spherical  Tangcncies.  And  Mr.  Li's- 
lie  has  given,  in  his  Cicometry,  as  exampK-s  of  the  geo- 
metrical analysis,  sidutions  to  im^y  of  the  cases  of  this 
problem.  Alsu  Mr.  John  Lawson  published  a neat  edition, 
in  English,  of  the  two  books  on  Tangencics,  I77L  in  4to. 

TANGENT,  in  Geometry,  is  a line  that  touches  a 


curve,  &c,  that  is,  which  meets  it 
in  a point  without  cutting  it,  though 
it  be  produced  both  ways ; as 
the  tangent  a b of  the  circle  bo. 

The  point  B,  where  Ike  tangent 
tuurhev  the  curve,  is  called  the 
poitii  of  contact. 

'I  hc  direction  of  a curve  at  the 
point  of  contact,  is  the  same  as  that  of  the  tangent.  It 
is  demonstrated  in  Geometry, 

1.  That  a tangent  to  a circle,  as  ab,  is  perpendicular 
to  the  radius  BC  drawn  to  the  point  ul  contact.  , 

2.  'I'hc  tangent  ac  is  a mean  proportional  between  ap 
and  AP.,  the  w hole  secant  and  the  external  part  of  it;  and 
the  same  for  any  other  secant  drawn  from  (be  same 
point  A. 

3.  The  two  tangents  ar  and  ad,  drawn  from  ihe  same 
point  A,  arc  always  equal  to  each  other.  And  therefore 
also,  if  a nuinbc'r  of  tangents  be  draw  ii  to  tliffcrent  points 
of  the  curve  quite  around,  and  an  equal  length  ba  be 
set  off  upon  each  of  them  from  the  points  of  contact, 
the  locus  of  all  the  points  a will  be  a circle  having  the 
same  centre  c. 

4.  The  angle  of  contact  arr,  formed  at  the  point  of 
contact,  between  the  tangent  ab  and  ibe  arc  bp.  is  lcs» 
than  any  rectilineal  angle*whatevcr. 

5.  'riie  tangent  of  an  arc  is  the  right  line  that  limits 
the  position  of  nl|  the  secants  that  can  pass  through  the 
point  of  contact;  though  strictly  s[>caking  it  is  not  one 
of  the  secants,  but  only  the  limit  of  them. 

6.  Av  n right  line  is  the  tangent  of  a circle,  when  it 
touches  the  circle  so  closely,  thot  no  right  line  can  be 
dmwn  through  the  point  of  coniact  between  it  and  Ihe 
arc,  or  within  the  ongle  of  contact  that  is  foimi'd  by 
them  ; so,  in  gencial,  when  any  right  line  touches  an  arc 
of  any  curve,  in  such  a manner,  (hat  no  right  line  can 
be  drawn  tliiough  the  point  of  contact,  between  the  right 
line  and  ibe  arc,  or  within  the  angle  of  contact  that  is 
formtd  by  them,  then  is  that  line  tl\e  tangent  of  the  curve 
at  the  said  point ; as  ad  in  the  figures  below. 


7.  In  all  (he  conic  sections;  if  c be  the  centre  of  the 
figure, and  scan  ordinate  drawn  from 
the  point  of  coniact  and  pcqw'iidicu- 
lar  to  the  axis;  then  is  co  : C£  : : 

CP  : CA,  or  the  semiaxis  cs  is  a mean 
proportional  between  CC  and  ca. 

• TAKGr.KT,  in  Trigonometry.  A 
Tanoent  of  an  okc,  is  a right  line 
touching  one  extremity  of  the  arc, 
and  limited  by  a secant  or  lin^  drnwn 
throngh  the  centre  and  the  other  ex- 
tremity of  the  arc. 

So,  AO  is  the  tangent  of  ihe.nrc  ab,  or  of  the  arc  abd  ; 
nml  All  is  the  tangent  of  the  arc  Ai,or  of  tbe  arc  AioiC. 

The  same  are  also  ihe  tangents  of  the  angle's  that  arc 
subtended  or  measured  by  the  arcs. 

Hence,  J.  Tbc  tangents  in  the  1st  and  3d  quadrants  art 


Diyiii^ed  by  0-)OgIt. 
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pouli\T,  in  the  2d  and  4tb  negative,  or  drawn  the  con>  tor,  and  Ganter*i  scale;  the  desciiptioo  and  uses  of  which 
trary  way.  But  ofO  or  180^  the  Si'micircle,  the  tangeat  »ce  under  the  article  Sector. 

is  0 or  nothing;  while  those  of  $0^  or  a quadrant,  and  Sa^-TasoEMT,  a line  lying  beneath  the  tangent,  being 
270°  or  3 quadrants,  are  both  infinite;  the  former  infi-  the  part  of  the  axis  intercepted  by  the  tangent  and  the 
nitcly  positive,  ajid  the  latter  infinitely  negative.  That  is,  ordinate  to  the  point  of  contact : as  the  line  ao  in  ibe  2d 
Between  0 and  90°,  or  between  180°  and  270°,  the  and  3d  figures  above, 
tangents  are  positive.  jMcthod  <2fTaNCENTS,  is  a method  of  determining  the 

^'tween  90°  and  180°,  or  between  270°  and  S60°,  the  quantity  of  the  tangent  and  subiangent  of  any  algebraic 


tangents  are  negative. 

2.  The  ungent  of  an  arc  and  the  tangent  of  its  supplc- 


curve  ; the  equation  of  the  curve  being  given.  This  me- 
thod is  one  of  the  great  results  of  the  doctrine  offluxiojis. 


ment,  are  equal,  but  of  contrary  affections,  the  one  being  it  is  of  great  use  in  geometry  ; because  thdl  in  determine 


positive,  and  the  other  negative ; ing  the  tangents  of  curves,  wc  determine  at  the  same  time 

as  of  a and  180°  — o.  where  a is  any  arc.  the  quadrature  of  tlsc  curvilinear  spaces:  on  which  ac- 

Also  ISO"^  -r-  ti  ■)  have  the  same  tangent,  and  are  of  the  deserves  to  be  here  particularly  treated  on. 

ICAO  f j iT  Draw  the  TangaUt  or  to  find  the  Subtangau^  of  a 

Or  ISO  have  the  same  tangent,  but  of  difle-  curse 

and  180°  — at  rent  affections.  tf  , , 

^ ,r.,  e • . . .•  t . u If  AE  be  any  curve,  and  s any 

3.  The  umgent  o an  arc  a Uh  proporl.onal  to  the  ^ 

c^ne  the  ..nc.andthe  radms;  thal...CK:*B::c*:  te.  Drav,  the 

A(*.  Hence,  a canon  ot  sines  being  made  or  given,  the  ...  . fu  _ :r  . . . , ^ 

^ *,1-  ..  ® * ordinate  he:  then  if  we  can  deter-  / 

c».mn  ot  tangent. ..  c«dy  con.truetcd  from  them.  .ubt.ngenl  td,  by  joining  H c 

• the  point,  T.ndE,  the  line  TE  will  ^ 

IS  the  tangent  of  the  complement  of  the  arc  or  angle,  or  . ,T 

of  wb«  it  want.of  a <,u.drant  or  90-.  So  lm  i.  the  cotan- 

gentof  hearc  AB,  hong  the  tangent  of  it,  complement  bl.  ^ 

The  tangent  i,  reciprocally  « the  cotangent ; or  the  j . / , - n*  nirallel  to  die  aai,  Aen 


tangent  and  cotangent  arc  reciprocally  prop<^ional  with 
the  radius.  That  is  ung.  is  as  or  tang.  : radius 

: : radius  ; cotan.  And  the  rectangle  of  the  tangent  and 
cotangent  is  equal  to  the  square  of  the  radius ; that  is, 
tan.  X cot.  = radius  *. 

If  a denote  any  arc,  and  i its  tangent,  radius  1 : then 
is  a = t — 4-  &q.  Whence, 

since  tan.  45°  a 1,  we  have  arc  45°  a I — — 

— “ — &c.  And  conversely  i a a 


Further,  t a ss  ~ — l)  a 

CO*  a cot  a ^ ' ca**d  ' 


♦In  a y/(l— cnt*«)  '9lftB|s  __ 

^(l— aw**)  Cl*  a I — un'Ja  ” 

a Cota  — 2cot2a  a — 

am  aa 

^1  — cm  0*  ^ t*fi  fas  4 — Un  (45  — ^a) 

^14  CO*  Sa  a * 


cot  } d — tan  1 • 
«n  Sa 


Alio,  tan  (04-5)  a 
tan  (a  — 5)  a 


cot  a 4- cot  h a 


tan  a 4 tan  S 
1— an« 
tmn  a — tan  S 
1 4 urn  a • tan 
a'in  («  4 
cO*  a • rua  S* 
«n  fd+M 
ain  d - tin 


Sec  the  treatises  on  trigonometry  by  Emerson,  Cagnoli,  property  of  the  parabola. 


duced,  ine:  and  let  eu  be  parallel  to  the  axis  ad.  llien 
is  the  elementary  triangle  em  similar  to  the  triangle 
tde;  ^ 

and  therefore  - ea  : oB  : : ed  : dt  ; 
but  - - - - ea  : ai  : : flux,  ed  : .fiux.  ad  ; 
therefore  • - flux,  ed  : flux,  ad  : : de  : dt; 

. • . . 

that  is  - - - t : X ; : V : = dt, 

, J' 

which  U therefore  the  value  of  the  subtangent  sought; 
where  x is  the  absciss  ad,  and  y the  ordinate  de. 

Hence  cornea  this  general  rule  By  the  given  equation 
of  the  curve,  find  the  value  either  of  x or  y,  or  of 
which  substitute  for  it  in  the  expression  dt  ss 

and,  when  reduced  to  its  simplest  terms,  it  will  be  the 
value  of  the  subtangont  sought.  This  wc  may  illustrate 
in  the  following  examples. 

£x.  I.  The  equation  defining  a circle  is  2ax  — xx  = 
y\  where  a is  the  radius;  and  the  fluxion  of  this  is 

2ax  — 2xx  = 2jiy;  hence  -j-  = this  multiplied 

by  y,  gives  = the  subtangent  td, 

or  CD  : DE  : : de  : TD,  which  is  a property  of  tlic  circle 
also  known  from  common  geometry. 

£‘x.  2.  The  equation  dcfiuing  the  common  parabola  is 
«x  3s  y\  a being  the  parameter,  and  x and  y ibe  absciss 
and  ordinate  in  all  cases.  'I'he  fluxion  of'YlHM  is  ox  ^ 

« • . X «y  , 

2yy;  hence -T-  consequently-^  = -j-  s 

= 2x  s TD  ; that  is,  the  subtangent  to  is  double 
the  absciss  ad,  or  ta  is  =s  ad,  which  is  a well-kncun 


hlauduit,  and  several  others. 

Artificial  Tavgexts,  or  LojgarirAiaic  Taxoests,  arc 


Ex.  3.  The  equation  defining  an  ellipsis  is  c*(2ax-x  ) 
a'y\  whea*  a and  c aro  the  scraiaxes.  The  fluxion 


the  lo;^rithros  of  the  tangents  of  arcs  ; so  called,  in  con-  ©f  it  is  c*(2ax  — Sri)  = 2a*y> ; hence 

iraJistinciion  from  the  natural  tangents,  or  the  tangents  d'v*  f*  (aar^x*)  , 

j L al  . 1 o'  o — — ■ ' „ zs  — --X  ss  TD  the  sub- 

expret»ed  the  natural  numbers.  j e^\a—r)  <*  (d— x)  «— * 

Line  o/Tang£NTS,  is  a line  usually  placed  on  the  kc-  tangent ; or  by  addingco  which  is  = a — r.  it  becoiH<*> 
Voi.  II.  * / J Q 


-X  ss  TD  the  sub- 
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*41  — .t*  «*  C** 

— — ^ a — X = — =s  , or  CD  : CA  : : 

a— r 4— j CO 

CA  : CT,  A wt'U-known  properly  of  the  l•i)lplc. 

Ex.  U The  equation  dehniiig  the  hyperbola  h 'c* 
{2ai  -*•  ^ which  is  similar  to  that  for  (he  el- 

lipse, having  only  z’  for  — z“;  hence  the  conclusion 
j%  exactly  similar  also,  vis, 

— or  ^ yd,  which  taken  from  cd  or 

a 4 a s 

ca’ 

a X,  gives  CT  =*  or  CD  : ca  : ; ca  : ct. 

And  soon,  for  the  tangents  to  other  curves. 

TJie  inverse  Meihod  q^TAKOt.vjs.  This  is  the  re- 
verse of  the  foregoing,  and  consists  in  finding  the  nature 
of  the  curve  that  has  a given  subiangcnt.  'I’he  method 
of  solution  is  to  put  the  gisTn  sublungrnt  cr^ual  to  the 

general  expression  which  serves  for  all  kinds  of 

curves;  then  the  equation  reduced,  and  the  flurnis  taken, 
will  give  the  fluential  equation  of  the  curve  souglu. 

£x.  1.  To  hnd  the  curve  line  whose  subtungetit  is  = 

Here  ; hence  2yj|  = »jr,  and  the 

fluents  of  this  give  jr  = «J,  the  equation  to  a peru- 
^ bola,  which  thcrefum  is  the  curve  snughl. 

£s.  2.  To  find  the  curve  whose  subtangent  is  = 

, or  a third  proportional  to  2«  — xandy.  Here 

. hence  yj  = 2ox  — «,  the  fluents  of 

which  givey*  = «x  — x*,  the  equation  to  a circle,  which 
therefore  is  the  curve  sought. 

Or,  in  a more  general  sense,  this  is  the  same  thing  as 
finding  the  fluents  of  such  forms  as  involve  several  varia- 
ble quantities.  See  In  vcRSE,  &c.  Also  the  Fluxionai 
Treatise*  by  Maclaurin,  Simpson,  Lmerson,  Ucaliry, 
Bossu,  Lacroix,  Lagrange, &c. 

TANTALUS’S  Cup,  in  Hydraulics,  isn  cup,  as  a,  with 
t hole  in  the  bottom,  and  the  longer  leg 
of  a syphon  ncED  cemented  into  (heiiole; 

10  that  the  end  n of  the  jihorter  leg  nr. 
may  always  touch  the  bottom  of  the  cup 
within,  'i'bcn,  if  water  be  poured  into 
this  cup,  it  will  rise  in  the  shorter  leg  by 
its  upward  pressure,  extruding  the  air  W- 
fore  it  through  the  longer  leg,  and  w hen 
the  cup  is  filled  above  the  bend  of  the  sy- 
phon at  E,  the  pressure  of  the  water  in  the 
cup  will  force  it  os-er  the  bend;  from 
whence  it,  will  descend  in  the  lunger  leg  , 

SB,  and  through  the  bottom  at  c,  till  the 
cup  be  quite  emptied.  The  legs  of  (his  syphon  are  almost 
close  tr^ether,  and  it  is  sometimrs  concealed  by  a suiull 
hollow  statue,  or  fi>;uie  of  a man  placed  over  it ; the  bend 
B being  within  the  neck  of  the  tlgurr  as  high  as  the  chin. 
So  that  poor  thirsty  Tantalus  stands  up  lu  the  chin  in  wa- 
ter, according  to  the  fable,  imagining  it  will  rise  n litile 
higher,  as  more  water  is  poured  in,  and  he  may  drink  ; 
but  instead  of  that,  when  the  water  comes  up  to  his  chin, 
it  immediately  begins  to  descend,  and  therefore,  us  be  can- 
Viot  stoop  to  follow  it,  he  is  left  in  the  same  dUtri*Miul  stale 
of  thirst  as  before.  Ferguson**  Lect.  pa  712,  4to. 

TARRANTHJS  (Lucius),  surnamed  be- 

cause he  wasanativeof  lirmum,  a town  in  Italy,  tloun«h- 
ed  at  the  same  lirat^  with  Cicero,  and  was  «'ncrf  his  friends. 
He  was  a maihcmalica)  philosopbcr^  and  therefore  was 
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thought  to  have  great  skill  injudicial  astrology.  He  was 
pariiculariy  famous  by  two  horojcopes  winch  he  tlrvw, 
Ihr  one  (he  horoscope  of  Rotnulti^,  and  the  other  of  Home. 
Plutarch  says,  “ Varro,  who  was  llic  most  h arm-d  of  the 
Roman*  in  history,  had  a paiticular  fru-nd  naineil  Tar- 
mntius,  who,  out  of  cariosity,  applied  himself  todmw  ho- 
roscopes,  by  means  of  astronomical  tables,  and  was 
esteemed  the  most  emineni  in  his  lime.**  Historians  con- 
trovert some  particular  circumstances  of  his  cnlcttlations  ; 
but  all  agree  in  conferring  on  him  the  honorary  title  /Wnce 

aatrot«ger$.  • 

TARTaGLIA,  or  Tartalea  (Nichoi.asJ,  a noted 
mathcmaiician,  was  born  ut  Bre&cu  in  Italy,  in  14/9,  of 
a very  |KJor  family  ; and  was  in  ihal  town  when  ihc  Firiich 
plundered  it  on  their  return  from  Naples.  Or^ibis  occa- 
sion he  received  many  wounds,  several  of  them  on  the  head, 
which  ufle'Cted  his  speech,  causing  him  to  sttitt*  r.  It  is 
noi  known  how  he  liarned  to  n*ud ; but,  to  uc()Uirc  writ- 
ing, ho  was  obliged  to  steal  ifom  u teacher  a *<*l  of  theJel- 
ters  of  the  alphabet.  Hence,  it  is  easy  to  imagine  whut 
dilTicultieshc  must  have  surmouiiU'd  in  acquiring  his  know- 
ledge. Vet  \vc  find  he  was  a considr-rable  muster  or  pre- 
ceptor in  mathematics  in  the  yc-ar  1521,  when  the  first  of 
his  Colicclion  of  questions  and  answers  w js  w ritten,  which 
ho  afterwards  published  in  the  year  under  the  title 

of  (^uesiti  ct  Invenlioni  diverse,  at  Venice,  where  he  then 
resided  as  a public  lecturer  on  mathematics,  having  re- 
moved to  (his  place  about  the  year  1534.  This  work  con- 
sists of  9 chapters,  containing  solutions  to  a number  of 
questions  on  all  the  diflerent  branches  of  mathc-malics  and 
philosophy  then  in  vogue.  The  lavt  or  9^1  uf  these  con- 
tains the  questions  in  algebra,  among  viJiich  arc  those  ce- 
lebrated li  ttersand  communications  between  Tartaha  and 
Cardan,  by  which  our  author  put  the  Ipller  in  p05-session 
of  (he  rules  for  cubic  cijuatioiis,  which  he  first  discovcnd 
in  the  year  J530.  * 

But  the  first  work  of  Tartalea's  that  was  published^  was 
his  Nova  Ncieniia  inventa,  in  4io,  nl  Venire  in  1537. 
'I1iit  is  a treatise  on  ibc  theory  and  practice  of  gunnery, 
and  the  first  of  the  kind,  he  bt-ing  the  fitsi  writer  on  tliu 
flight  and  path  of  balls  and  shells.  This  work  wa->  trans- 
lated into  F.nglisb,  by  Lucar,  and  priiUcd^t  lA>ndon  in 
158S,  in  folio,  with  many  notes  and  additions  by  liie  trans- 
lator. Tartalea  publi-dicd  at  Venice,  in  folio,  1543,  the 
whole  hooks  of  Euclid,  accoinpHuied  with  many  curimis 
notes  and  commentaries.  Rut  the  last  and  chief  work  of 
Tartalea,  vtas  bis  Trattato  di  Numcri  et  Misure,  in  folio, 
1556  and  1560.  This  is  a univer«4rhtrcalisr  on  arithme- 
tic, algebra,  geometry,  mensuration,  Sue.  It  contains  hUo 
many  other  curtuus  particulars  of  the  disputes  between 
our  author  and  Cardan,  which  ended  only  wjth  the  death 
of  Tartalea,  In  1557*  beforv’  the  last  part  of  Uiis  work  was 
published  in  the  year  1558.  One  ol  the  ingenious  inven- 
tiuns  of  Tartalea  was  the  method  of  finding  the  area  of  a 
triangle  fro;n  having  the  three  sides  given. 

For  many  other  circumstances  concerning  Tnrtalca  and 
his  writings,  see  the  ariicle  Aloebra,  vo).  I. 

TAURUS,  the  Bultf  in  Astronomy,  one  «*f  the  12  signs 
in  the  zodiac,  and  the  second  in  order.  The  Greeks  fa- 
bled (hat  this  was  the  bull  which  curried  Kurupa  safely 
across  the  sea>  to  Cn-te  ; and  that  Jupiter,  in  reward  for 
so  signal  a service,  placed  the  creature,  w ho»eform  liediad 
assumed  on  (bat  occasion,  among  the  stars,  and  that  this 
)>  the  runmcllaiton  formed  of  it.  Hut  it  is  probable  that 
the  Egyptians,  or  Babyloniaos,  or  whoever  inveuted  the 
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conitclUtiom  of  iLe  iodine, pUccd  tbi%  iij[;ure  io  that  part 
of  it  which  the  tun  i'otered  about  the  time  of  the  brii>nii)( 
forth  of  collet;  like  ai  they  |{UCrd  the  ram  in  tba  tirst 
part  of  spring,  m the  lambs  appear  hi'iarc  them,  and  the 
two  kidi  (for  that  wa*  the  original  tigure  of  the  sigu  (r«* 
mini),  anerwardni  to  denote  the  time  of  the  goats  bring- 
ir^  forth  their  young. 

In  the  constellation  Taurus  there  arc  some  remarkable 
stars  that  have  names;  a»  Aldcharanin  the  south  or  right 
eye  of  the  bull,  the  cluster  called  the  Pleiades  in  the  neck, 
and  the  cluster  called  Hyades  in  liic  face.  'Hie  stars  411 
the  constellation  I'aurus,  in  Ptolemy's  coialogue  are  44, 
in  Tycho’s  catalogue  43,  in  Hcvclius’s  catali^ue  51,  and 
in  the  Britannic  cala)<^e  141. 

TAVLOtl  (Dr.  Bhook),  a very  able  matbematkian 
and  secretary  uf^ibc  Royal  Society,  was  born  at  Edmonton, 
in  Middlesex,  1685.  !•  1701  be  entered  St.  John’s  Cutlege, 
Cambridge  ; and  in  1708  wrote  his  tract  on  the  centre  of 
oscillation.  In  1712  he  was  elected  into  the  Royal  So- 
ciety, of  which  he  was  chosen  secretary  two  years  alter. 
Dr.  'I'aylor  had  many  excellent  papers,  on  philosophy  and 
mathematics,  inserted  in  the  Philos.  Trans,  from  vol.  27 
to  vol. 32,  inclusively  ; besides  which,  he  published  some 
other  exccllciU  works,>u,  Meth«Mius  Incrcroentorun),  in 
4to,  1715,  containing  many  excellent  tracts,  particularly 
a curious  and  gencraf theorem,  on  thu  manner  of  cxpr<.*ss- 
iiig  a variable  quantity  by  all  the  orders  of  its  difU  rentials 
or  iluxiuns  ; also  the  problem  of  the  vibraiinns  of  a tense 
cord,  of  which  he  gave  the  first  solution,  'ifac*  same  year 
also  came  out  hit.  Principles  of  IJncar  Perspective,  first 
establishing  the  true  practice  of  that  art,  on  |u;inciples 
which  hiive  been  ever  since  followed  by  all  other  authors. 
Dr.  Taylor  was  a profound  anef  elegant  maibeinalician  of 
the  old  school  of  Newton,  Jones,  Cot<*s,  Arc,  and  one  of  the 
chief  writers  in  the  disputes  with  the  RernouHis  and  other 
.eminent  whtcri  on  the  Qontim  nt.  Dr.  Brook  died  at  an 
early  age,  46,  in  the  year  1731* 

Tatlor’s  77foorejM,iniht'highcr  molhemalics,  U a very 
elegant  and  fertile  formula,  given  by  Dr.  Brook  'I'aylor, 
in  cor.  2,  pr.  7,  pa.  23,  uf  his  Method  of  Incremcuts.  The 
purport  of  it  is  as  follows: — If  rand  t be  any  two  variabio 
quantities,  having  any  given  relation ; then,  while  r by 
flowing  uniformly,  is  iiKreased  by  x,  t will  be  increased 

by  i ’*■  Arc ; in  which  the  values  of 

a,  if  Arc,  are  to  be  determined  from  the  given  rqualion. 

The  demunsirution  of  this  theorem  has  been  given  by 
several  eminent  wriu  rs;  asTrisi;  lAtcroix,  pa.  25,Calcuf. 
Didorenuai. ; Francccur,  .Matberoatiques  Pures,  tom.  2, 
pa.  243,  Acc  ; and  by  Dr.  Brinkley,  vul.  7,  Transactions  of 
the  Irish  Acad,  with  applications  uf  the  use  of  the  the»> 
ri'in,  in  finding  fluxions  per  and  iu  appruximating 

to  the  roots  uf  rquacioDs,  Arc. 

TEBE’F,  or  THttVEX,  the  4tb  nnmrii  of  the  civil  year 
of  the  Hebrews,  and  the  tOtb  uf  1 heir  ecclesiastical  year. 
It  an3wen*d  to  pari  uf  our  December  and  January,  dud  had 
only  days. 

'TEETH,  of  various  kinds  of  machines,  as  of  mill 
wheels,  Arc.  These  are  often  called  c«^s  by  the  workmen; 
and  by  working  in  (be  pinions,  rounds,  or  trundles,  the 
wheels  are  made  to  turn  one  another.  Mr.  Emerson  (in 
bis  .VIeclianicv,  prop.25),  treats  of  the  theory  of  teeth,  and 
shows  that  thyy  ought  to  have  the  figure  of  epicycloids, 
for  properly  working  in  oite  another.  Camus  (in  bisCours 
dc  .Matbcmaiiquc,  tom.  2,  pa.  349,  Ate,  edit.  176*7}  treats 


more  fully  on  thes.xnse  subject ; and  demonstrates  that  the 
teeth  of  (he  two  whivU  should  have  the  figures  of  epicy- 
cloids, but  Uinl  the  gencialmg  circles  of  ti^ese  epicycloids 
should  have  thi>tr  diameters  only  the  half  of  what  Mr. 
Eincrsr>n  m^ikes  them. 

Mr  Emerson  observes,  (hat  the  teeth  ought  not  to  act 
upon  one  ani»iht  r before  they  arrive  ai  the  hue  which  joms 
tlicir  ccnirts.  And  though  the  inner  or  under  sMes  of 
the  teeth  ruay  be  of  any  torin  ; ycl  it  islM'lter  to  make 
them  both  sioes  alike,  which  will  htvc  to  make  the  wheels 
turn  backwards.  Also  n part  may  be  cut  away'ou  (he 
back  uf  every  tooth,  to  make  way  for  those  of  the  other 
wheel.  And  the  mure  U'Cth  that  work  together,  the  bet- 
Ur;  at  least  one  tooth  should  always  begin  taforc  the 
other  has  done  working.  The  teeth  ought  tob<‘  disposed 
in  such  manner  as  not  to  disturb  or  hinder  one  another, 
before  they  bi'giii  tO  work  ; and  there  should  be  a coove- 
iiient  length, depth,  and  (hickness given  to  them, as  well  for 
strength,  as  (hat  they  may  more  easily  disengage  them- 
selves. 

TELEGRAPH,  a machine  brought  into  use  by  the 
French  nation,  in  the  year  179^,  contrived  to  communi- 
cate words  or  signals  from  one  person  to  another  at  a great 
distance,  in  a very  small  space  of  time. 

The  telegraph,  (bough  it  has  been  generally  known  and 
used  by  the  nuHterns  only  for  a few  years,  is  by  no  means 
an  entirely  modem  invention;  some  kind  of  ei^tmls  fur 
distant  communication  having  probably  existed  in  all 
ages,  and  in  all  nations.  There  is  reitson  to  believe  that 
among  the  Greeks  simietbing  of  this  kind  was  in  use;  as 
the  burning  of  Troy  was  certainly  known  in  Greece  very 
soon  after  it  happened,  and  before  any  person  had  re- 
turned from  ihcoce.^The  Chinese,  when  they  send  cou- 
riers on  the  gnat  canal,  or  wfon  any  great  man  travels 
there,  make  signals  by  fire  from  one  day’s  yourney  to  ano- 
ther, to  have  every  thing  prejiared.  AikI  most  of  the 
barbarous  nations  used  formerly,  and  often  do.  still,  to 
give  the  alarm  of  war,  or  the  approach  of  an  enemy,  by 
fires  lighted  on  the  biili  or  rising  grounds. 

The  object  proposed  is,  to  obtain  an  intelligible  figura- 
tive language,  which  may  bo  dutinguislvrd  at  a dtstaucc, 
and  by  which  the  obvious  delay  in  the  dispatch  of  orders 
or  inforrautiou  by  luesscnger  may  be  avoidn).  On  first 
refit  ciion  we  find  the  practical  modes  of  such  distant  com- 
munication roust  be  confined  to  sound  and  vision.  Eadi 
of  which  is  in  a great  degree  subject  to  the  slate  of  the  at- 
mosphere: os,  iiidt-piudenl  of  (he  winds  din*ciion,  it  is 
known  that  the  air  is  sometimes  so  far  dtprived  of  its  elu- 
licity,  or  whatever  other  quality  tbc  conveyance  of  sound 
depends  on,  that  the  heaviest  ordnance  is  scarve  beard 
farther  than  the  shot  flies;  it  is  also  well  known,  that  iu 
thick  hoxy  weather  the  largest  objects  become  toially  ob- 
scured at  a short  distance.  No  instrument  thervfoic  de- 
signed for  the  purpose  con  be  perfccL  Wc  con  imly  en- 
deavour to  diminish  these  defects  as  much  as  may  be. 

Polybius  oames  the  diflea*nt  instruoicnu  UKd  by  the 
ancients,  for  cuinmunlcating  informoinin,  pyrua, 

because  the  signals  were  always  made  by  means  of  fin*  or 
lights.  At  first  they  curamumcated  luformatiou  of  events, 
io  an  imperfect  manner,  merely  by  torches.  A new  me- 
thod was  inveiiti'd  by  Cleoxenus,  or  os  others  <^y  by  Dc- 
mociiius,  which  was  much  improved  b>  Polybius,  os  he 
bimsi'lf  lufoiais  uw;  aad  which  he  de^iibes  as  follows: 
I'okc  the  letters  of  the  (Greek)  alphabet,  and  divide  them 
into  5 parts,  each  of  wbuh  will  coqsisl  of  5 letters,  except 
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Ihc  IrsI  division,  which  will  have  only  4.  Let  these  be 
fixed  cm  a bemrd  in  five  columns.  The  matt  who  is  tu  give 
the  signals  is  then  to  U gin  by  holding  up  2 lorcho,  w hich 
he  is  to  keep  aloft  till  the  other  pers^m  bus  also  shown 
two;  which  is  only  to  wscertain  that  IkuIi  suiesau*  ready; 
these  two  lorclurs  being  then  withtimwn.  Both  parties 
uiT  provided  wah  berurds,  on  which  the  leilers  are  dis* 
posed  as  before  described.  The  person  Uien,  vvho  gim 
the  signal,  is  to  hold  up  torches  on  the  loir,  to  point  out 
to  (he  oiber  paiiy  from  which  column  he  shall  lake  the 
lelten,  ns  they  are  pointed  out  to  him.  If  it  is  to  be 
fium  the  first  column,  he  holds  up  one  lurch  ; if  irom  ihe 
•ecom),  2;  aud  so  on  for  the  oilu  rs.  lie  i>  iheii  to  h*»UI 
up  torches  on  the  right,  to  denote  ihe  particular  hller  of 
the  cedtimn  that  is  to  be  luken,  according  to  their  place  in 
the  column.  The  man  who  gives  the  signals  has  uii  in' 
strumeut  consisting  of  tw’o  iuIhts,  so  placed  us  iliat,  by 
liHvkiiig  ihrough  one  of  them,  he  can  set*  only  the  right 
sidcf  utid  thiough  the  other  only  the  iell,  of  him  who  is 
to  answer.  'Hie  board  is  set  up  near  this  insiruinent; 
and  the  station  on  the  right  and  left  surruundt*d  wiih  a 
wall,  10  feet  broad,  and  about  the  height  of  n man,  that 
the  torches  raised  above  it  may  be  clearly  seen,  and  to 
conceal  them  when  taken  down,  't  hus,  then,  it  is  easy 
to  conceive  kow  the  letters  of.  a short  sentence,  one  after 
another,  are  commanicated  from  station  to  station,  as  far 
as  required.— And  this  is  the  pyrsia  or  telegraph  recom- 
mended by  Pol)  bius. 

It  seems  the  Romans  had  a method  in  their  walled  ci- 
ties, either  by  a hollow  formed  in  the  masonry,  or  by 
tubes  affixed  to  it,  so  (u  confine  and  augmeul  sound,  as 
to  convey  information  to  any  part  they  wished  ; and  in 
lofty  house's  it  is  now  sometimes  (he  custom  to  have  a pipe, 
by  way  of  speaking  trum^K-t,  to  give  orders  from  the  upper 
apartments  to  the  lower:  by  this  mode  of  confining  sound 
its  volume  may  bv‘  carried  to  a very  gn  at  distance;  but 
beyond  a certain  extent  the  sound,  losing  articulation, 
would  only  convey  alarm,  not  give  directions. 

Every  city  among  the  ancients  had  its  watch-towers; 
and  the  castra  stativa  of  the  Humans,  had  always  some 
spot,  elevated  cither  by  nature  or  art,  from  whence  signals 
were  given  to  the  troops  cantoned  or  foraging  in  the  neigh- 
buurhi>od.  But  I believe  they  had  nut  arrived  to  greater 
refinement  than  that  on  seeing  a certain  signal  they  were 
immediately  to  repair  to  their  appoinUxt  staiinns. 

A beucon  or  bonfire  made  of  (he  first  inflammable  ma- 
terials that  offered,  as  the  mo%t  obvious,  is  perhaps  the 
most  ancient  mode  of  general  alarm  ; and  by  being  pre- 
viously concerted,  the  number  or  point  where  the  firea 
appeared  might  haVe  its  particular  intelligence  uffixeit. 
The  same  observations  may  be  referred  to  the  throwing  up 
of  rockets,  wb<ise  number  or  point  from  whence  thrown 
moy  have  its  affixed  significaiiun. 

Flags  or  cruigns  with  their  various  devices  are  of  the 
earliest  invention,  especially  at  sea;  where,  from  the  first 
idea,  which  most  probably  was  that  of  a vane  to  show  the 
direction  of  the  wind,  (hey  have  been  long  adopted  as  the 
distinguishing  mark  of  nations,  and  arc  now  so  neatly  com- 
bined by  the  ingenuity  of  a great  naval  commander,  that 
by  his  system  every  requisite  order  and  question  is  re- 
ceived and  answered  by  the  most  distant  ships  of  a fk*et. 

To  the  adopting  this  or  a similar  mode  in  land  service, 
the  following  are  objections:  I'hat  in  the  latter  case,  the 
variety  of  matter  necessary  to  be  Conveyed,  is  so  infinitely 
greater,  that  the  combinaiiuna  would  become  too  compli- 


cated. .^nd  if  the  person  for  whom  the  information  is 
intended  should  be  in  the  direction  of  the  wind,  the  flag 
would  then  piesent  a straight  line  only,  and  at  r littledis- 
tance  be  scurce  visible.  'I  he  Kotnuns  were  so  well  aware 
of  (hit  inconvenience  of  flags  that  muny  of  their  standards 
wt'fv  solnl,  and  (he  name  iminipulus  denotes  the  rudest  of 
their  moties,  wliich  wh»  u truss  of  hay  fixi'd  on  a |>ole. 

But  it  doc'-  not  seem  that  the  moderns  had  thought  of 
such  H thing  us  a telegraph  till  the  year  I0‘63,  when  the 
marquii  ol  Worcester,  in  his  CantOTy  of  Inveiitiuns,  af- 
fipimit  ihul  he  luid  discovered  **  a method  by  which,  at 
u window,  fts  tar  us  eye  can  discover  black  from  white,  ti 
mim  may  buid  discourse  with  his  com-spondent,  without 
noise  made  or  notice  taken  ; being  nccoriling  to  occasion 
given,  or  means  utTorvlcd,  ex  re  Bor«,  and  no  need  of  pro- 
vision beforehand  ; though  much  betti-r  if  foreseen,  and 
course  taken  b)  iiiu(u.ii  consent  of*]>Hrtii*s.’^  This  could 
be  done  only  by  iiii^uns  of  h telegraph,  which,  in  the  next 
sentence,  is  declared  tu  have  been  ivmlcred  so  perfect,  ‘ 
(hut  by  meuns  of  it  (he  correspondence  could  be  curried 
on  by  night  as  well  as  by  day,  though  as  dark  as  pitch 
U black.'* 

Dr.  Ifookc,  whose  genius  us  a mechanical  inventor 
was  perhaps  never  surpassed,  delivered  a **  Discourse  to  the 
Royal  Society,  May  21st,  1084,  showing  a way  how  to 
communicate  one's  mind  at  great  distances.**  In  (his  dis- 
course he  asserts  the  possibility  of  conveying  intelligence 
from  one  place  to  another,  at  the  distance  of  SO,  40,  100, 
120,  &:c,  milt's,  **  in  as  short  a time  as  a man  can  write 
what  he  would  have  sent.*’  H<‘  takes  to  his  aid  the  then 
recent  invention  of  the  telt'scope,  and  explains  the  me- 
thod by  which  characters  exposed  at  one  station,  may  be 
rendered  visible  at  tho  others.  He  directs,  " first,  for  the 
stations  ; if  they  be  far  distant,  it  will  be  ncccmry  that 
they  should  be  high,  and  lie  exposed  to  (he  sky,  that 
there  be  no  higher  hill  or  part  of>the  earth  beyond  them, 
that  may  binder  the  distinctness  of  the  characters,  that  arc 
10  appear  dark,  the  sky  beyond  them  appearing  white : 
by  which  means  olso  the  thick  and  vaporous  air  near  the 
ground  will  be  pa^d  over  and  avoided."  “ Next,  the 
height  of  (he  stations  is  advantageous,  upon  the  account 
of  the  refraclionij  or  inllmions  of  the  air."  “ Next,  in 
choosing  of  ihe«e  stations,  care  must  he  taken,  os  near  as 
may  be,  ibat  there  be  no  bill  that  interposes  between  (hem, 
(hat  is  almost  high  enough  to  (ouch  the  visual  ray;  bc- 
caose  in  such  cases,  the  refraction  of  the  air  of  that  bill 
will  be  very  apt  to  disturb  the  clear  appearance  of  the 
object."  **  The  next  thing  to  he  considered  is,  what  te- 
lescopes will  be  necessary  for  such  stations."  “ Oimi  of 
these  tclesci>pes  must  be  fixi'd  at  each  extreme  station, 
and  two  of  them  in  each  intermediate;  so  that  a man  fur 
each  glass  sitting  and  looking  through  them,  may  plainly 
discover  what  is  done  in  the  next  adjoining  station,  atid 
with  his  pen  write  down  on  paper  the  characters  there  ex- 
posed in  ibctr  due  order;  so  that  there  ought  to  be  two 
persons  at  each  extreme  station,  and  three  at  each  inter- 
mediate; so  that,  at  the  same  time,  intelligence  may  be 
conveyed  forwards  and  backwards.  Next,  there  roust  be 
certain  times  agreed  on,  when  the  correspondents  arc  to 
expi'Cl;  or  else  there  must  be  set  at  the  top  of  the  p<ile, 
in  the  morning,  the  hour  appointed  by  either  of  the  cor- 
respondents, for  acting  that  day;  if  the  hour  be  ap- 
'poinied,  pendulum  clocks  may  adjust  the  moment  of  cx- 
pc'ctation  and  observing."  **  Next,  there  must  be  a 
convenient  apparatus  of  characters,  whereby  to  comrou- 
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nicate  any  thing  with  great  ease,  dittmctnesi.  and  secrecy. 
And  then*  mual  be  either  day  characters,  or  night  cha- 
ractiTb.'*  The  day  characters  **  may  ail  be  made  uf  three 
%hi  deals  the  night  chamclers  **  may  be  made  with 
Imks,  or  other  lights,  disposed  in  a certain  order.*  I'he 
Doctor  invented  24-  simple  characters,  each  formed  of 
right  lines,  for  the  letters  of  the  alphabet ; and  several 
tingle  characters,  made  up  of  semicircles,  for  nhole  sen* 
fences,  lie  recommended  that  three  very  long  roasts  or 
poles  should  be  placed  vcrticaliyi  and  joined  at  top  by 
one  strong  horixontal  beam ; that  a Urge  screen  should 
be  placed  at  one  of  the  upper  corners  of  this  frame,  be* 
hind  which  all  the  deal-board  characters  should  bang, 
and  by  the  help  of  proper  chords  should  quickly  be  drawu 
forwards  to  be  exposed,  and  then  drawn  back  again  be- 
hind the  •xrren.  **  By  these  means,*  says  the  Doctor,  **  all 
things  may  be  made  so  convenient,  that  the*  same  cha- 
racter may  be  t-een  nt  Haris  within  a minute  after  it  has 
been  exposed  at  London,  and  the  like  in  proportion  for 
grtiitcr  distances;  uiul  that  ti>«  characters  may  be  ex- 
posi'd  so  quick  atler  oitc  another,  lliat  a composer  sliull 
not  much  exceed  the  ex{K>scr  in  swiftness.*’  Among  the 
cases  of  this  coiitiivance,  the  inventor  mentions  these : 
“ The  first  is  for  cities  or  (owns  besiegrd  ; and  the  second 
for  ships  upon  the  sea;  in  both  which  eases  it  may  be 
practised  with  great  certainty,  security,  and  expetbtiofl.* 

Tile  whole  of  Ur.  Hooke's  paper  was  published  in  Der- 
ham’s  collection  of  his  Experiments  and  Observations; 
from  which  it  appears  that  he  had  brought  the  telegraph 
to  a Slate  of  far  greater  maturity  and  perfection  than  M. 
Amontun’s,  who  attempted  the  same  thing  about  the  year 
1702;  and  indredao  a state  but  little  inferior  to  several 
which  have  been  proposed  during  the  last  20  years. 

J(  was  ivot  however  till  the  French  revolution  that  the 
telegraph  was  applied  to  useful  purposes.  Whether  M. 
Chap|>e,  who  is  said  to  have  inventt^  the  telegraph,  Ai%t 
used  by  the  French  alM>uc  the  end  of  179d,  knew  any 
thing  of  Hooke’s  or  Aniumon’s  invention  or  not,  it  is  iin* 
possible  to  sayt  but  his  telegraph  was  constructed  on 
ppmciplcs  nearly  similar,  the  description  of  which  here 
follows: 

The  following  account  of  this  curious  instrument  is  co- 
pied from  Barivre’s  report  in  the  sitting  of  the  French 
Convention  of  August  li,  l79+‘““**  The  new-invented 
telegraphic  language  of  signals  is  an  artful  contrivance  to 
transmit  thoughts,  in  a |K*caliar  way,  from  one  distance  to 
anutlM.T,  by  means  of  machines,  which  are  placed  at  dif- 
ferent distances,  of  from  L2  to  15  miles  from  one  another, 
s»  that  the  expression  tt'achrs  a very  distant  place  in  the 
space  ol  a few  minuu-s.  IalsI  year  an  experiment  of  this 
invention  was  tried  in  the  presence  of  several  Commis- 
sioners of  the  Convention.  From  the  favourable  report 
which  the  Utter  made  of  the  cflicacy  of  the  contrivance, 
the  Cumimttee  of  Public  Wcltarv  tried  every  effort  to  i*s- 
tablish,  by  this  means,  a correspondence  between  I'aris 
and  the  frontier  places,  beginning  with  Lisle.  Almost  a 
whole  twelvemonth  has  been  spent  in  collecting  the 
ccssary  instruments  for  the  machbes,  and  to  teach  the 
pt'opic  employed  bow  to  use  them.  At  present,  the  tele- 
graphic language  of  signals  is  prepared  in  such  a manner, 
that  a C(«rrcspondence  may  be  conducted  with  Lisle  upon 
every  subject,  and  that  every  thing,  nay  even  proper 
names,  may  be  expressed ; an  answer  may  be  rtxetved, 
and  (he  correspondence  thus  be  renewed  several  times  a 
day.  Tbc  machiiica  are  (be  inveotioo  of  Cttiieu  Chappe, 


anil  were  constructed  under  his  own  eye;  ho  also  directs 
their  esublisbmcni  at  Paris.  They  have  the  advantage 
of  resisting  the  chaiigv's  in  the  atmosphere,  and  the  incle- 
mencies of  the  seasons.  The  only  thing  which  can  in- 
terrupt their  edixt  is,  if  the  weather  is  so  very  bad  and 
turbid  that  the  objects  and  signals  cannot  bi*  distinguished. 
By  this  invention,  remotem-ss  and  distance  almost  disap- 
pear; and  all  the  Communications  of  corres[H)ndt*ncc  are 
effected  with  the  rapidity  uf  the  twinkling  of  an  rye.  I’he 
operations  of  government  can  be  very  much  lacilitaied 
by  this  contrivance,  and  the  unity  of  the  republic. r^an  be 
the  more  consolidated  by  thesjM'edy  communicaiion  with 
all  its  parti.  The  greatest  advantage  which  can  be  de- 
rived from  this  corirspondence  is,  that,  if  one  choo^e^,  its 
oiject  simll  only  be  known  to  certain  individqpls,  or  to 
one  individual  alone,  or  to  the  extremities  of  any  disiaticc; 
so  ihat  the  Committee  of  Publie  Welfare  may  iiuvv  cor* 
respond  with  the  rcpreMnitative  of  the  people  at  Lisle 
without  any  other  persons  getting  acquainted  with  the  ob- 
ject of  the  cormpondence.  Hence  it  follows  tiiai?  were 
Lisle  even  besiej^,  we  should  know  every  thing  at  Pans 
that  might  happen  in  that  place,  and  could  send  thither 
the  decre<*s  of  the  Convention  willutut  the  enemy's  Uing 
able  to  discover  or  to  prevent  it.”— 'I'he  figure  of  the 
French  machine,  as  given  in  sonic  English  prints,  is  re- 
presented in  dg.  5,  pi.  .14. 

Such  is  the  account  given  of  the  French  invention. 
Various  improved  contrivances  have  bven  since  made  in 
England,  and  a pamphlet  has  lately  been  published,  giving 
an  account  of  some  of  them,  by  the  Kev.  J. Gamble,  under 
the  title  of  Observations  and  IVb^graphic  Kxpcriiiienrs. 

As  to  the  Fn*ncb  mnchiiie,  it  is  cv*tdeiit  that  to  every 
angular  change  of  ihe  greater  beam  or  of  tfie  iesMX  end 
arms,  a different  letter  or  figure  may  be  annexed.  Hut 
where  the  whole  difference  consists  in  the  variation  of  the 
ongic  of  the  greater  or  lesser  puTCs,  much  error  may  be 
expected,  from  tbe  inaccuracy  either  of  the  (qierator  or 
the  observer:  besides  other  inconveniences  aiisltig  from 
the  great  inaniiitudc  of  the  machinery. 

Another  idea  is  perfectly  numerical ; which  is  to  raise 
and  depress  a Hag  nr  curtain  a certain  number  of  times 
for  caclf  letter,  according  to  a pn-viously  concerted  system  : 
as,  suppuH*  one  elevation  to  mean  a,  two  to  mean  a,  and 
so  on  through  the  alphal>ct.  Hut  m this  caw*,  the  least 
inaccuracy  in  giving  or  noting  the  number  changes  ihe 
letter;  and  befides,  the  last  letters  of  the  alphabet  would 
be  a tedious  opc'ration. 

Another  method  that  has  been  proposed,  isatsingenious 
combination  of  the  magnotical  experiment  of  C'omus,  and 
the  telescopic  micrometer.  But  as  this  is  only  an  imper- 
fect idea  of  Mr. Garnet’s  very  ingimious  machine,  described 
in  the  lultdr  part  of  this  article,  no  farther  notice  nerd  he 
taken  of  it  here. 

Mr.  Gamble  proposes  one  on  a new  idea  of  his  own. 
The  prirrciplc'of  it  is  simply  that  of  a Venetian  blind,  or 
rather  what  are  colled  the  lever  boards  of  a brcwhousc, 
which,  when  horisontal,  present  so  small  a surface  to  the 
distant  observer,  as  to  be  lost  to  his  view,  but  are  capable 
of  being  in  an  rnslant  converted  into  a screen  of  a magni* 
tude  adapted  to  the  required  distance  of  vision.— *l.et  ab 
and  CD  (fig.  4,’  pi.  34),  two  upright  posts  fixed  in  the 
ground,  and  joined  by  the  braces  BD  and  Er^  be  consi- 
dered as  the  frame  work  for  9 lever  boards  working  upon 
centres  in  eb  and  or,  and  opening  io  three  divbiuns  by 
iron  rods  connected  with  each  three  of  tba  lever  boards. 
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L*"!  abed  and  <fgh  be  two  K-ascr  frames  fixed  to  the  preat 
one,  having;  ulsu  tbrix;  lever  bounlv  in  each,  and  m(>vnig 
bv  iron  nub,  in  tbe  tame  manner  a%  lliv  others,  li  all 
riHJii  be  brought  su  near  the  grunnd  a%  to  l>c  in  the 
nmna'jeiuem  of  the  opirator,  he  will  then  have  five,  of 
uhal  may  be  called,  keys  to  play  on.  Now  as  each  of 
the  hiMidles'i4/wrn  commands  three  lever  boanU,  by  ratsiiig 
any  one  of  them,  and  fixing  it  in  il«<  place  by  a catch  or 
hot'K,  u will  give  u difierent  appearance  to  the  inucliine: 

. and  by  the  proper  variation  of  tbesi*  five  movements,  there 
will  lu‘  more  than  2^  of  vvhat  may  be  called  mutations,  m . 
each  i>l  which  the  machine  exhibits  gi  dtfierent  appear- 
ann-,  and  to  w hich  any  ieticr  or  figure  may  be  annexed  at 
pleasure.  , 

i^hould  it  be  required  to  give  intelligence  in  more  than 
* one  direction,  the  whole  machine  may  be  t tMly  made  to 
turn  to  dilterem  points  on  a strong  centre,  after  the 
• manner  of  n smgU  'post  windmill.— -To  use  this  machine 
by  night,  anolhei  frame  must  be  connected  with  the  back 
part  of  the  t<  iegrupii,  for  raising  five  lamps,  of  difTennt 
colours,  behind  the  tqxnings  of  the  lever  boards ; these 
lamps  by  night  answer  tor  the  openings  by  day.  M. 
(lambic  gives  also  particular  directions  for  placiirg  and 
using  (he  machine,  and  for  writing  down  the  several 
figures  nr  movements. 

Mr.  John  Gurnei's  most  simple  and  ingenious  contri- 
vance, is  as  follows.  This  is  merely  a bar  or  plunk  turning 
upon  a centre,  like  thesail  of  a windnull,  and  being  moved 
into  any  position,  the  distant  observer  turns  the  tubt'  of  a 
telescope  into  the  same  position,  by  bringtnp  a fixeil  wire 
within  it^tu  Coincide  with  or  ]>ar«illel  u»  the  bar,  which  is 
a thing  extremely  easy  to  do.  The  ivntre  of  motion  of 
the  bar  has  a small  circle  about  it,  with  letters  and  figures 
aroumi  the  circumference,  ami  on  index  moving  ri<und 
with  the  bar,  pointing  to  utiy  letter  or  mark  that  the  ope- 
rator wishi^  to  set  the  bat  to,  or  to  communicate  to  the 
observer.  The  eye  end  of  the  tebscope  without  lias  a 
like  index  and  circle,  with  the  corropondmg  ietteis  nr 
other  marks.  The  consequence  is  obvious:  the  telescope 
being  turned  about  till  its  wire  cover  nr  become  panliel 
to  the  bar,  the  index  of  the  former  necessarily  points  out 
the  same  letter  or  mark  in  its  circlt*,  as  that  of  thi*  latter, 
and  the  cmnniunication  of  sentiment  is  immediate  and 
|x‘rfeci.  The  use.  of  this  rmichinc  is  sn  easy,  tiial  1 have 
seen  it  put  into  the  hands  <dTwo  common  labouring  men, 
who  had  never  seen  it  before,  and  they  liave  immi  diately 
held  a quick  and  distant  conversation  together. 

'i  he  iiw>rt  particular  dt'seription  and  figuio  of  this  ma- 
chine, is  as  follows.  ABOE  (fig.  5,  pi.  34),  is  the  tele- 
graph, on  whose  centre  of  gravity  c,  about  which  it  re- 
volves, is  a fixed  pm,  which  goes  through  a hole  or  socket 
in  the  firm  upright  pi»st  o,  and  on  the  opjiOsiU'  side  of 
which  is  fixed  an  Inde.x  ci.  Concentric  to  c,  on  the  same 
post,  is  fixed  u wooden  or  brasu  circle,  of  (i  or  8 inches 
diameter,  divided  into  48  equal  parts,  24  of  which  repre- 
sent the  letters  of  tin-  alphabet,  and  between  the  letters, 
are  numbers.  So  tiiat  the  ind^x,  by  means  of  the  arm 
A a,  may  be  moved  to  any  letter  or  number.  'I  he  length 
of  the  arm  should  bo  or  3 feet  for  every  mile  of  distance. 
Two  revolving  lamps  <d'  diffen  nt  colours  susp'iidvd  occa- 
sionally at  A and  it,  the  ends  of  the  arm,  would  sem; 
equally  at  night. 

L<  t ss  (lig.  6,  pi.  341  represent  the  transverse  w'ction  of 
the  outwurd  tube  of  a telescope  to  its  axis,  and  xx  the 
like  section  of  (he  sliding  or  adjusting  tube,  on  which  is 


fixed  an  index  ii.  On  the  part  nf  the  outward  lube  next 
to  the  obsirvrr,  there  is  fixid  a circlu  of  Ictti  rs  and  num- 
bers, similarly  divtdec  and  situated  to  the  circle  in  figure 
5 : then  the  index  ft,  by  means  of  the  sliding  or  adjusuii^ 
tuU‘,  may  be  turned  to  any  letter  nr  number. — Now  there 
beii^  a hair,  or  fitw  silver  wirey^,  li.xed  in  the  focus  of 
the  eye-gluss,  id  the  same  direction  as  the  index  ii;  su 
that  when  the  arm  as  (fig.  6)  of  Uie  telegraph  is  viewed 
at  a disiance  through  tJie  ictescopo,  the  hair  may  be 
turned,  by  mt-ans  of  the  sliding  tube,  to  the  same  direc- 
liou  of  the  arm  a a;  then  the  index  It  (fig.  b)  will  point 
to  the  same  letti-r  or  number  on  its  own  circle,  as  the 
index  i (fi£.  5)  points  to  on  the  telegiaphic  circle.— If, 
instead  of  using  the  letters  and  numbers  to  farm  words  at 
length,  they  be  employed  as  signub,  throe  motums  of  Uie 
arm  will  give  above  a bundled  thousand  difilrent  signals. 

'I'uo  ingenious  telegraphs  have  also  bien  inv4-iued  by 
Captain  Favloy,  of  (he  Royal  Engineers;  descriptions  of 
which  arc  given  in  the  Ehilosophicul  Magaauie,  Nos.  113 
and  110'.  , 

It  seems  tlicre  are  now  in  use  in  England,  four  giand 
lines  of  telegraphs,  communicating  wlih  Loiuion:  vin,  to 
Portsmouth,  to  Plymouth,  to  Deal,  and  to  Varmouih. 
**  There  arc  12stalioni  betvuxn  lAiiidon  gnd  Portsinouth, 
and  31  l>elwccn  Lundun  und  Plymouth,  of  which  8 are 
part  of  the  Portsmouth  line,  till  they  separate  in  the  New 
Forest.  'I  he  other  chains  extend  from  London  to  \ ar- 
mouth,  furnipd  by  10  stations,  und  from  Lpndon  to  Deal, 
formed  by  10  stations,  making  in  the  whule  (>4  sv^-partile 
telegraphs.  'I'heir  distances  average  about  8 miles,  yet 
some  oi  (hem  W or  14  milts;  like  tiistuiices  being  ollrn 
increiiSi-d  by  the  want  of  cummuiiding  heights:  in  tbc 
^ aniiouih  liiMr  particularly  they  make  a ctmstderable  de- 
tour iiorlfivvartl.  , 

Alter  about  20ycars’  experience,  they  calculate  on  about 
200  days  in  a year,  «m  whicli  signals  can  be  iransinittcd 
throughout  llie  day;  about  60  oihemon  vsliich  they  pass 
only  part  of  the  day,  or  at  (latliculnr  stations;  nnd  about 
lOuduys  on  which  few  of  the  stations  can  see  the  others. 
1'he  powers  of  the  stations  in  thi»  respect  arc  exceedingly 
various.  Dead  fiats  arc  found  to  be  universally  unfa* 
vourable.  (Jn  the  contrary,  stations  between  hill  and 
hill,  looking  across  a valley,  or  M*ries  of  valleys,  arc 
imVsily  clear ; and  water  surfaces  arc  founll  to  produce 
fewer  olisrurc  days  tlian  land  in  any  situation.  I'iie  still- 
ness of  the  morning  and  evening  ate  f<*und  to  U*  the  most 
favourable  timit  fur  observations.  The  least  favourable 
period  of  (he  day  is  an  hour  or  two  before  and  after  noon, 
particularly  on  dead  IcvcU,  where  the  play  of  the  sun's 
rays  on  the  rising  exhalations  renders  distant  vision  very 
obscure. 

The  transmission  of  a message  from  London  to  Ports- 
mouth usually  occupies  about  15  rmnuivs;  but,  by  an 
(exjNTimcnl  tm^d  fur  the  purpose,  a single  signal  has  been 
traiisinined  to  Plymouth  and  back  again  in  3 minutes, 
which  by  the  telegraph  mute  w-as  at  kast  300  miks.  In 
(bis  instance  however  nutice  bad  been  given  to  inakw 
ivakly,  and  every  captain  wras  at  bis  post  to  receive  and 
return  (he  signals.  '1  h<-  speed  was  at  (lie  rate  of  170  mik's 
in  a ininuie,  or  3 miks  pir  second,  or  3 seconds  at  each 
(•iaiioa;  a facility  truly  wundi-rful!  The  number  of  sig* 
nah  pri.dui  in!  by  the  English  telegraph  is  63— by  which 
Cltiy  tvpiuseikt  the  tin  digits  and  the  letters  of  the  alpiia* 
bet,  uidi  niany  generic  words,  and  ail  the  uunibers  ex- 
pressed f*y  the  cumbiiiatioa  of  the  digits  6'3  ways.  The 
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«ignaU  arr  •ufficienlly  various  to  rxprc«i  any  S or  4 words 
in  twice  as  many  changes  of  tlie  shutter*. 

The  telescopes  used  are  Dolinnd's  achromalicsT  tlH»u^h 
8 timpie  Ouhlean  might  M‘ne  equally  well/  or  better. 
The  field  of  this  telescope  is  (|uitc  large  enough  ; and, 
having  hut  two  lenses,  one  of  which  is  a thin  concave,  it 
gives  the  object  with  n^orc  biigbtness.  It  may  srein 
Strang  too,  that,'  to  r8s<*  the  operator,  it  was  never  con* 
.trived  to  exhibit  ih**' fixed  sp(*ctrum  on  the  principle  of  a 
portable  camera,  so  that,  without  wearying  the  eye,  the 
motion  ol  the  distant  tch*grapb  might  have  l^eh  exhibited 
on  a plain  sunace,  and  s«*en  with  both  eyes  like  as  on 
the  leaf  of  a book/’  Mo  Mag.  vof  pa.  ^^Ot. 

TKLKSCOPK,  an  opticaV'^natf'.meni  >hich  serves  for 
discovering  and  viewing  disMiit  #bj«  cLs,^ntlicTdirectly  by 
gUs'^rs,  or  by  rrficctttm,  by  meam  u>  iqiecula,  or  mirrors. 
Acc«irdtno|y,  « 

, Telrscupi'fcarreiihcfTrfiacting  or  reflecting;  the  former 
consisting  of  dilferenl  I uses,  throush  which  the  objects 
are  M*en  by  rays  rci'mclrd  through  Ihem  to  the  eye  ; and 
the  laiter  of  specula,  from  which  the  rays  are  reflected 
and  pa>4ed  to  the  eye.  llie  lens  or 'glass  turned  towards 
the  object,  is  calleii  the  obji'ct-glass;  and  that  next  the 
eyt%  the  eyc-glaid»;  and  when  the  telescope  cunsi»ts  of 
more  than  two  lenses,  all  but  that  next  the  object  are 
called  eye-glasses.  The  latter  consisting  «»f  difiertni  me- 
tallic speculuins,  fim  iy  polivhi'd  and  figured,  so  as  to 
immoily  the  obje  cts  bv  reflection- 

The  invention  of  the  telescope  is  one  of  tiie  noblest  and 
most  useful  the*e  ages  have  to  boast  of : by  means  of  it, 
the  wonders  of  the  heavens  are  divcov^rH  to  ua,  and 
astronomy  is  brought  to  ’a  degree  of  perfection  wbicb 
former  ages  could  have  no  idi^a  ot.  The  discovery  Indeed 
was  owing  rather  to  chance  than  design  ; so  that  it  is  (he 
good  fortune  of  the  discoverer,  lather  than  his  skill  or 
ability,  we  are  indebted  t»  : on  this  aecoiint  it  concerns 
us  the  less  In  know,  who  it  was  that  first  hit  U|Min  this 
admirable  invention.  Be  that  as  ii  may,  it  is  certain  it 
must  have  U'en  casual,  since  the  theory  it  dt'pcnds  upon 
was  not  then  known. 

John  Baplista  Porta,  a Neapolitan,  according  to  Wol- 
fius,  first  ninde  a telescope,  which  he  infers  from  this  pas- 
sage Ml  the  Magia  Nutiiralis  of  that  author,  pnoted  in 
1 560 : **  If  you  do  but  know  how  to  join  the  two  (>i%  the 
concave  and  convex  glassrv)  rightly  together,  you  will 
see  both  remote  and  near  objects,  mucli  larger  than  they 
otherwise  appear,  and  withal  vriy  distinct.  In  (bis  wc 
have  been  of  good  help  to  many  ol  our  friends,  who 
either  saw  remote  things  dimly,  or  near  imes  confusedly; 
and  hare  made  them  see  every  thing  perfectly. **  But 
it  (S  certain,  that  l^ofta  did  not  titiHersiand  his  own  inven- 
tion, and  therefore  neiiht^r  troubled  himself  to  bring  it  to 
greater  perfi^ction,  nor  ever  applied  it  to  celestial  obser- 
vation. Bi'stdes,  the  account  given  by  Porta  of  bis  con- 
cave and -convex  lenseti,  is  so  dark  and  indistinct,  (hat 
Ktpler,  who  examined  ir  by  desire  of  the  emperor  Uu- 
dolph,  declared  to  that  prince,  that  it  was  peifectly  un- 
intelligible. 

'Phirty  years  afterwards,  or  in  1590,  a telescope  l6 
inches  long  was  made,  and  presented  to  prince  Maurice 
of  N.’iisau,  by  a spectacle  maker  of  Middlrburg:  but 
authors  are  divided  about  his  name.  Sirturus,  in  a trea- 
tise on  (he  lelescoive,  printed  in  I6l8,  will  have  it  to  be 
John  Ltppervbeim : and  Peter  Bondli,  in  a volume  ex- 
pressly on  the  inventor  of  tbe  telescope,  publishcxi  in  l655> 


states  that  It  was  Zacharias  Jansen,  or,  as  Wolfiut  wnlet 
it,  llamdl.  Now  the  invention  of  Uppershrim  is  fixed 
by  some  in  the  year  1609,  and  by  others  in  l605 : Fon- 
tana, in  his  Novae  Obarrvanones  Cmlestiom  et  Terrestrium 
Kerum,  printed  at  Naples  in  1646,  claims  tbe  invention 
in  the  year  1008.  But  Dorelli’s  account  of  tbe  discovery 
of  (t  k*»copes  IS  so  circumstantial,  and  so  well  authenti- 
cated, as  to  4tnder  it  very  probable  that  Jansen  was  tbe 
original  inventor. 

In  James  Metius  of  Alcmaer,  brother  of  Adrian 
Metius  who  was  professor  of  malbematics  at  Franeker, 
came  with  Drebd  10  MUUileburg,  and  there  bought  te- 
lescopes of  JaiiKm's  children,  who  had  made  ihem  public; 
and  yet  this  Adr.  Metius  has^vrn  his  brothet  (he  honour 
of  tbe  invention,  in  which  he  is  mistakenly  followed  by 
Descartrs. 

But  none  of  these  •rtificera  made  televeopes  of  above  a 
foot  and  a half : biinon  Marius  in  Gcniionyf  and  Galileo 
in  Italy,  it  is  said,  first  made  long  ones  fir  tor  ceh-stial  ob- 
servations;.though,  front  the  iVcently  diKovered  lutrono- 
raical  papers  of  the  celebraicti  Harnol,  author  of  the  AI-’ 
gebra,  it  appears  that  he  must  have  employed  telescopes 
in  viewing  the  solar  macuix,  which  he  did  quite  as  early 
a«  they  were  obevrved  by  Galileo.  Whether  Harriot  mode 
his  own  trh'seopes,  or  whether  he  had  them  fiom  Holland, 
does  not  appear;  it  seems  however  that  GaliWs  were 
made  by  himself;  for  Le  Hossi  relates,  that  Galileo,  being 
then  at  Venice,  was  told  of  a kind  of  optic  glisa  made  in 
llollami,  which  brought  objects  nearer:  upon  which,  set- 
ting himaell  to  think  how  ii  should  be,  be  ground  luopii*res 
of  glass  into  form  as  tvi-ll  as  be  could,  and  fitted  them  to 
the  two  ends  of  an  oiyan-pip^ ; and  with  these  hi-  shovsed 
at  once  all  the  wonders  of  the  invention  tii  (he  Venetians, 
on  tbe  top  of  tbe  lower  of  SuMark.  The  samo>Autbor 
adds,  that  from  this  time  Gftlileo  devoted  himself  wholly 
to  tbe  improving  and  p<>rlec(ing  The  telescope;  and  (hat 
he  hence  almost  drserved  ail  the  honour  usually  dune  him, 
of  being  reputed  the  inw^nior  of  the  instrument,  and  of 
Its  being  Irom  him  called  Galileo's  lube.  Gxiilt'o  himself, 
in  his  Nuncius  bidrrvus,  publnheti  in  l6‘IO,  acknow- 
ledges that  he  first  heard  ut  the  instrument  fruraaOerman; 
and  that,  U*ing  merely  informed  of  its  cth*cts^  first  by 
common  report,  and  a few  days  after  by  letter  from  a ^ 
Fnmch  gontlrinvii,  James  Uadovere,  at  Faris,  he  himself 
discovered  the  comtrucliun  by  .considering  the  nature  of 
refraction,  lie  adds,  in  hiv  Sagiainn-,  that  hr  wgs  at 
Venice  when  he  beard  of  iheelTeCts  of  piince  .NUuricc^s 
instroment,  but  nothing  of  its  construction;  thaiTti- first 
night  after  his  return  to  Padua,  he  solved  the  problem, 
and  m:olr  his.  instrument  the 'next  day,  ami  vioti  after 
presenuxi  it  to  the  Doge  of  Venice,  who,  in  honour  ol  his 
grand  invention,  gitve  him  the  ducal  Utters,  which  seitjed 
him  fur  life  in  hts  lectureship,  M Padua,  and  douMod  his 
salary,  which  th^^n  became  treble  <d'  whnt  any  of  his  pre- 
decessors had  enjoyed  befure.  And  (bus  Galileo  m»)  be 
considered  as  an  Inrtntur  of  the  telescope,  tbougli  not  tbe 
first  inventor. 

F.  Mabillon  indeed  relates,  in  bis  travoU  through  Italy, 
that  ill  a monastery  of  his  own  order,  hr  saw  a manuscript 
copy  of  (be  works  of  Commestor,  written  by  one  Conra- 
dui,  who  lived  in  the  15ih  ccnUiry ; in  the  3d  page  of 
which  was  seen  a portrait  of  Pioh  my,  vi<  wing  the  stars 
through  tt  tube  of  4<j<>uu«'or  draws:  but  MahilUm  does 
not  uiy  that  the  tube  Imd  glasses  in  iU  N.dced  it  is 
than  probable,  (hat  such  tubes  were  then  0|cd  for  uo  other 
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piupov'  but  to  tlofrnd  umi  tlircct  tbe  or  to  rciuicr 
It  (lifttii)Ct.  by  out  iKe  p«rucuUr  uti^i^t 

looked  at,  and  iliutiLDg  out  all  tbe  fureign  raya  n fleeted 
tmm  otliris,  ^0>o%e  proximity  might  bovc  rendered  Uie 
image  K***  prec i«e.  And  ibU  conjecture  \%  vcrilU'd  by  r.x< 
perience  ; fur  «ve  have  oiten  observed  tbnt  without  a tube, 
by  only  looking  through  tba  handf  or  (ven  the  Hmtors,  or 
a pin-hole  in  u puper«  the  oUj'-ct*  appexir  taurc  clear  and 
dittmcl  than  othenriwu  Be  tbi»  as  it  may,  it  tt  certain 
tJittt  tbcopticnl  piioctples  on  is  Inch  telescopes  are  tbuiidt'd. 
arc  cunlttiiied  in  I^clul,  and  weru  well  kiiuvin  to  the  an- 
cii'ut  gromi  tricictns  ; and  it  has  be<‘n  for  wum  of  ottcnlion 
to  them,  tliut  tiio  world  witt  »o  long  witbuul  that  adrairu- 
blc  invention  ; a«  douhth-»»  there  ura  many  utlien  lying 
bid  In  the  same  priiicij>l(*9,  only  waiting  fc/  rctlecliun  or 
accident  to  bring  them  l'<<nh. 

To  the  loregotng  iiUtiacl  of  the  liistory  of  the  invention 
of  the  te)e9CO|H>,  it  mav  be  prop<  r to  odd  some  particulars 
relating  to  the  claims  of  our  own  Celebrated  countryman, 
friar  Bacon,  who  died  in  1^9^.  Mr.  W.  Molyneux,  in 
his  Dioptrica  Nova,  pa.  declares  his  opinion,  that 
Bacon  did  perfectly  well  understand  all  kinds  of  optic 
glasses,  and  know  likewise  the  method  of  combining  them, 
so  as  to  ci>mpo»ei  some  such  instrument  as  our  telescofw  : 
and  his  son,  Samuel  Molyneux,  assorts  more  |vositisely, 
that  the  invention  of  telescopes,  in  its  drst  uriginnl,  was 
certainly  put  in  practice  by  an  Englishman,  fnar  Bacon; 
though  its  lirsi  application,  tn  astronoiuical  pur^iosos  mny 
probably  be  asen^d  to  Galileo.  The^iassages  to  which 
Mr.  MgJyiicux  rrforsy  in  support  of  Bacon’s  claims,  occur 
in  bis  Opus  Majus,  pa.3<kd  and  357  of  Jcbb’t  edit.  1773. 
Tbe  tirsi  is  as  follows:  Si  vero  mm  liot  corpora  plana,  per 
(|uai  mus  kidei,  sed  spheeria,  tunc  m magiia  diiiersitas; 
nam  concaviias  corporis  esi  versus  oculum  >el  con> 
vexitas  ; wheuce  it  is  inferred,  that  be  knew  wbat  a con- 
cave and  a convex  glass  was.  I'be  second  is  comprised 
in  a whole  chapter,  where  he  says,  De  visione  fracta  ma* 
jorasunl;  nam  dr  facili  patei  per  caooties  supra  dictos, 
<|uod  maxima  ;iossunt  .ipparcre  minima,  ct  c contra,  et 
lunge  dislanliH  videbuntur  prupin<|uiisiiiio,  et  c coovciso. 
Nam  p<issuinu9  sic  ligurare  pcrspicua,  et  talitcr  ea  urdi- 
riure  owpcctu  nostri  visuset  rerum,  quod  frangeniur  radii, 
et  Ili'Ctrntur  quorsuracurique  volucrimui,  ut  sub  quocun* 
qur  aiigulo  voiuenmus,  videbimus  frm  prope  vel  lunge, 
ixc.  Sic  ctiaro  foccremui  solem  et  luimm  ct  Stellas  dc' 
sQM^ere  secundum  apporentiam  hie  inferius/^c:  that  is, 
Gmitec.lbings  than  those  may  be  performed  by  refracted 
vislvn;Hiir  it  is  easy  to  understand  by  the  canons  above 
iiieutkmrd,  ihat  the  greatest  objects  may  appear  exceed- 
ing small,  and  the  contrary ; also  (hat  the  tnosi  remote 
obj<*cls  may  appear  just  at  hand,  and  the  converse;  for 
wo  can  give  such  figures  to  traiispaient  bodies,  and  dispose 
them  in  such  order  with  rus]>ect  to  the  eye  and  the  objects, 
that  the  rays  shall  be  refracted  and  bent  towards  any  place 
ue  please ; so  that  wc  shall  see  the  object  near  at  hand  or 
at  a distance,  undiT  any  angle  we  please,  &c.  So  that 
thus  the  sun,  muon,  and  stars  may  be  made  to  descend 
bitber  in  appearance,  drc.  Mr.  Molyneux  bas  adso  cited 
another  passage  out  of  Bacon's  Epistle  ad  Parisicnsero,  of 
the  Secrets  of  Art  and  Nature,  cap.  5,  to  this  purpose, 
Possum  eliam  sic  Hgurari  pcrspicua,  u\  longisstmo  poeita 
apparoanl  propinqua,  et  ^ contrario;  ita  quod  ex  inerr- 
dlbili  distanlia  legcremus  litcras  miiiutissimas,  rt  uuroe- 
faremus  res  quantumquo  parvas,  ct  Stellas  faccrerous  ap- 
parcre  quo  vellctnus:  that  is.  Glasses,  or  diaphanous  bo- 


dies may  be  so  formed,  that  the  most  remote  objects  may 
appear  just  at  band,  and  the  contrary  ; so  that  we  may 
read  the  smallest  letters  at  an  incredible  distance,  ami  may  * 
number  things  though  never  so  small,  aud  may  make  (be 
stars  also  appear  as  near  as  we  ple.ise, 

.More  over,  Doctor  Jebb,  in  ibc  dedication  of  his  edition 
of  the  Opus  .Majus,  produces  a passage  from  a manuscript, 
to  show  that  Bacon  actually  applied  telescopes  to  astro- 
nomical purposes : Sed  longe  magis  quam  htec,  says  he, 
oportirvt  homines  habi'ri,  qui  Unc,  iinmo  optiroe,  scirent 
perspecUvum  et  instrumeiila  ejus— quia  instrumenta  astro- 
iiotnia  nou  vadunt  nisi  per  vUioneiu  secundum  leges  istius 
•actetitix.  • 

Fruin  these  passages,  it  is  not  unreasonable  to  conclude, 
that  Bacon  bad  actually  combined  glasses  so  as  to  have 
priMluci-d  the  edects  which  he  meuiiupH,  though  he  did 
nut  complete  the  construction  of  ulescopes.  Dr.  Smith, 
however,  ti>  whose*  judgment  particular  deference  is  duo, 
is  of  opinion  that  the  celebrated  friar  w role  hypothetically, 
without  buvmg  made  any  actual  trial  of  the  things  he 
moniion'i ; to  w hich  pui  pose  be  observes,  that  this  author 
docs  not  assert  one  single  (rial  or  observation  upon  tba 
sun  or  moon,  or  any  thing  else,  though  be  mentions  them 
both  : on  the  other  hand,  he  imagines  some  cflicts  of  te- 
lescopes that  cminot  |K)ssibty  be  performed  by  them.  He 
adds,  that  persons  unexperienced  in  looking  (bruugli  te- 
K*sco]Hrs  expect,  in  viewing  any  object,  as  for  instance  the 
face  of  a man,  at  the  distance  of  one  hundred  yards, 
through  a telescope  that  tiiagnilies  one  hundred  limes, 
that  it  will  appear  much  larger  than  when  they  arc  close 
to  it:  this  he  is  satisfied  was  BacDii's  notion  of  the  mutter; 
and  hence  he  concludes  that  ha  had  never  looked  through 
a telescope. 

It  L remarkable  that  there  is  a passage  in  Thomas  Diggers 
StratioticQS,  pa.  359t  where  be  afHrms  that  his  father, 
Ixonard  Digges,  among  other  curious  practices,  had  a 
method  of  discovering,  by  perspective  glasses  set  at  due 
angles,  all  objects  pretty  far  dUtaui  that  tbe  sun  shone 
upon,  which  lay  in  the  country  round  about ; and  that 
ibis  was  by  the  help  of  a manuscript  book  of  Roger  Bacon 
of  Oxford,  who  he  conceived  was  (he  only  man  besides 
his  father  (since  Archimedes)  who  knew  it.  This  is  tbe 
more  rcmmrkalie,  because  the  Slraliulicos  was  first  printed 
in  1579*  more  than  30  yi-ars  before  Metius  or  Galileo 
made  tbeir  discovery  of  those  glasses ; and  therefore  il  has 
hence  been  thought  that  Roger  Bacon  was  the  lira  inventor 
of  telescopes,  and  Leonard  Digges  the  next  revii’er  of  them. 
Rut  from  w hat  Thomas  Dlggcs  says  of  this  matter,  it  would 
set*m  that  the  instrument  of  Bacon,  and  of  his  father,  was 
soim  thing  of  the  nature  of  a camera  obscura,  or,  if  it  were 
a tele*»cope,  that  it  was  of  the  reflecting  kind  ; though  the 
term  pi*rspective  glass  seems  to  favour  a contrary  opinion. 

Tiicrc  is  also  another  passage  to  the  same  ctlect  in  tb« 
preface  to  the  Paulomctria  of  Leonard  Digges.  but  pub- 
lished by  his  Ion  Thomas  Digges,  some  time  Ijefore  the 
Stratioticos,  and  a second  time  in  the  yt'ar  1591*  'I'ho 
passage  runs  thus:  **  My  father  by  his  continuull  paiofull 
practises,  assisted  with  demonstrations  inuthemaiical,  was 
able,  and  sundrie  limes  hath  by  Proportional  Glasses  duely 
situate  in  convenient  angles,  not  only  discovered  things 
farre  olT,  read  letters,  numbered  pccces^of  money  with  (he 
very  coync  and  superscription  ihcrcoC  cast  by  some  of  his 
freends  of  purpose  upon  dowries  in  open  fields,  but  also 
seven  myles  ofi*  declared  what  hath  bcene  doone  at  that 
inslant  in  private  places  : He  hath  also  sundrie  limes  by 
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tfie  suone  betnicft  fixed  (should  be  fired)  po«>der«  and  div 
chargde  ordinance  tmlfe  a miln  and  more  tlisume/*  <S;c. 

Uut  to  whomsoever  we  ascribe  the  honour  o!  first  in* 
venting  the  telescope,  tbc  rutiunalc  of  this  udrmrabie  in* 
atrutnent,  dt'peiiding  on  the  refraction  of  lioht  in  passing 
through  mediums  of  dittercnl  forms,  was  first  explained  by 
tho  celebrated  Kepler,  who  also  pointed  out  methods  of 
constructing  others,  of  superior  powers,  and  niore  com* 
mudious  application,  than  that  first  used  : though  some- 
thing of  the  same  kind,  it  U said,  was  also  done  by  Mau- 
rolycus,  whose  treatise  Dc  Luminc  el  Umbra  was  pub* 
lished  in  15/3. 

The  Principal  YeLEfiCorLS,  depend  upon  this 

plain  maxim,  viz,  that  objects  appear  larger  in  proportion 
to  the  angles  which  they  subtend  at  the  e^c ; and  the  effect 
is  the  same,  whether  the  pencils  of  rays,  by  w hich  objects 
are  made  %i»ible  to  us,  come  directly  from  the  objects 
themselves,  or  from  any  place  nearer  to  the  eye,  where 
they  may  have  been  united,  so  as  to  form  an  image  of  the 
object : because  they  issue  again  from  those  points  in  cer- 
tain directions,  in  Inc  same  munner  as  they  did  from  the 
corres]Hinding  points  in  the  objects  thcmselvcB.  In  fact 
•iherefure,  all  that  is  effected  by  a telescope,  is  first  to  make 
such  ail  image  of  a distant  object,  by  means  of  a lens  or 
mirror,  and  then  to  give  the  eye  some  assistance  for  view- 
ing that  image  as  near  ns  possible;  so  that  thcaogle,  which 
it  sliall  subtend  at  the  eye,  may  be  very  Urge,  compared 
with  the  angle  which  the  object  itself  would  subtend  in  the 
same  situation.  This  is  done  by  means  of  an  eye-glass, 
which  so  refracts  the  pencils  of  rays,  as  that  they  may 
after%vard»  be  brought  to  their  several  foci,  by  the  natural 
humours  of  the  eye.  But  if  the  eye  had  b^*n  so  formed 
as  to  be  able  to  see  the  image,  with  safficient  distinctness, 
at  the  same  distance,  without  art  eyc-gluss,  it  would  ap- 
{K'ar  to  him  as  much  magnified,  it  does  to  another  per- 
son who  makes  use  of  a glass  for  that  purpose,  though  be 
would  not  in  all  cases  have  so  large  a field  of  view. 

Though  no  image  be  actually  formed  by  the  foci  of  tbc 
pencil  without  the  eye,  yet  if,  by  the  help  of  an  eyc-glass, 
the  pencils  of  rays  shall  enter  the  pupil,  just  as  they 
would  have  done  from  any  place  without  the  eye,  the 
visual  angle  will  be  the  Huine  as  if  an  image  had  been  ac- 
tually formed  in  that  place.  Priestley’s  History  of  Licht 
&c,  pa.  6p,  Arc. 

M to  the  GnWiwg  of  Telescopic  Glat*es,  the  first  per- 
sons who  distinguished  themselves  in  that  way,  were  two 
Italians,  Eustochio  I>ivini  at  Rome,  and  Campani  at  Bo- 
logna, whose  fame  was  much  superior  to  (hat  of  Divini, 
or  that  of  any  other  person  of  his  time  ; though  Divini 
himself  pretended,  that  in  all  the  trials  that  were  made 
with  their  glasses,  his  of  a groat  focal  distance  performi'd 
belter  than  those  of  Campani,  and  that  bis  rival  was  not 
willing  to  try  them  fairly,  viz,  with  equal  eye-glasses.  It 
is  however  genersily  supposi-d,  that  Campani  really’  ex- 
celled Divim,  both  in  tlie  goodness  and  focal  length  of  his 
objoct-glaasea. 

It  was  with  Campani's  Telescopes  thui  Cassini  disco- 
vered the  Dearest  satellites  of  Saturn.  'Ihcy  were  made 
at  the  express  desire  of  I.^wis  XIV,  and  were  of  8<i,  100, 
and  136,  Paris  feet  focal  length. 

Campani’s  laboratory  was  purchased,  after  liis  death, 
by  pope  Benedict  XIV,  who  made  a present  of  it  to  the 
academy  at  Bologna  called  the  Institute;  and  by  the  ac- 
count which  Fougeroux  has  given,  we  learn  that  (except 
a machine  which  Campani  constructed,  to  work  the  bt- 
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sons  on  which  he  ground  his  glasses)  the  goodness  of  hia 
lenses  dt  pended  on  the  cleann  ss  of  Ins  glass,  hi»  Vene- 
tian trijHfli,  the  paper  with  which  be  poli-.hcd  bis  glasses, 
and  bis  gmit  skill  and  address  as  a workman.  It  does 
not  ap|Kur  that  he  made  many  lenses  of  a i«ry  great 
focal  distance.  Accordingly  Dr.  Hooke,  who  probably 
speaks  with  the  partiality  of  an  Englishman,  says  that 
some  glosses,  luudc  by  Diviui  and  Campani,  of  36'  and 
30  feet  focal  distance,  did  not  excel  Telescop»  > of  1^2  or 
15  (eel  made  in  Enuiund.  He  adds,  that  sir  Paul  Neile 
made  li  lcscopes  of  36  feel,  pretty  good  ; and  one  of  50, 
but  not  of  proportionable  guodm-ss. 

Afterwards,  Mr.  Ueivo  first,  and  then  Mr.  Cox,  who 
'vew  the  most  celebrated  in  England,  as  grinders  of  optic 
glasses,  made  some  good  telescopes  of  50  and  60  feet  focal 
distance  ; and  Mr.  Cox  made  one  of  100,  but  how  good 
Dr.  Hooke  could  not  assert.  Borrlli  also  in.  Italy  made 
object-glasses  of  a great  focal  length,  ooe  of  which  he 
presented  to  the  Royal  Society.  But,  with  respect  to  the 
Leal  length  of  telescopes,  these  and  all  othen  *ere  far 
exceeded  by  those  of  Auzout,  who  made  oiw  object-glass 
of  600  feet  focus;  but  he  was  newr  able  to  masaq^  it,  so 
as  to  make  it  useful.  And  Hartsocker,  it  is  said,  made 
some  of  a still  greater  focal  length.  Philos.  Trans;  Abr. 
vo|.  i,  pa.  666.  Hookt*s  Exper.  by  Uerharo,  pa.  26l. 
Priestley,  pa.  21 1.  Sec  Grin  dim  o. 

I'elescopes  arc  of  several  kinds,  distinguished  by  the 
nuiulier  and  form  of  their  lenses,  or  g)assi*8,  and  denomi- 
nated from  their  purticuiar  uses  5cc:  suchare  tho  I'erres- 
trial  or  land  Telescope,  the  pelesiial  or  astronomical  Tele- 
scope; to  which  may  be  added,  the  Galilean  or  Dutch 
Telescope,  the  Refieciing  Te)esco(>e,  the  Refracting  Tel^ 
scope,  the  Aerial  ’I'eU'SCope,  Achromatic  Tek^scope,  Arc. 

Galileo’s,  or  (he  Dutch  telescope,  is  one  consisting  of  a 
convex  object-glass,  and  a concave  cyc-giass. 

Tliis  is  the  moat  ancient  form  of  any,  being  the  only 
kind  made  by  the  inventors,  Galileo,  Acc,  or  known,  be- 
fore Huygens.  The  first  telescope,  constructed  by  Gali- 
leo, magnified  only  3 limes;  but  be  soon  made  another, 
which  magnified  J8  times:  and  afterwards,  with  great 
trouble  and  expence,  he  constructed  one  that  magnified 
S3  timet;  with  which  he  discovered  the  satellites  of  Jupt* 
ter,  aod  tho  spots  of  the  sun.  The  construction,  proper- 
ties, See,  of  it,  arc  as  follow  : 

Comiruction  GaUlea\  or  (he  Da/cA  Telescope. — la 
a lube  prepared  for  the  purpose,  at  ooe  end  is  fitted  a 
convex  object  lens,  either  a plain  convex,  or  convex  on 
both  sides,  but  a segment  of  a very  large  sphere  : at  ibo 
c>thcT  end  is  fitted  an  eye-glass,  concave  on  both  sides, 
and  tbc  segment  of  a leu  sphere,  so  disposed  as  to  be  at 
the  distance  of  the  virtual  focus  l^efore  the  image  of  the 
convex  lens. 

Let  AB  (fig.  10,  pt.  28)  be  a distant  object,  from 
every  point  of  which  pencils  of  rays  iuuc,  and  falling  on 
the  convex  glass  de,  tend  to  their  foci  at  rso.  But  a 
concave  lens  hi  (the  focus  of  which  is  at  fo)  being  in- 
terposed, the  converging  rays  of  each  pencil  are  made 
parallel  when  they  reach  the  pupil ; so  that  by  the  re- 
fractive humours  of  the  eye,  they  can  easily  be  brought 
to  a locus  on  the  retina  at  phq.  AKo  the  pencils  them- 
selves diverging,  is  if  they  came  from  x,  mxo  is  the  an- 
gle under  which  the  image  will  appear,  which  is  much 
larger  than  the  angle  under  which  the  object  itself  would 
have  app«‘ared.  Such  then  is  the  telescope  that  was  at 
first  discovered  and  uaad  by  philosophers : the  great  in* 
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convenience  of  which  is,  ihar  the  field  of  view,  which  de- 
|vnd«-,  nut  on  the  breadth  of  the  eyogla^is,  ;is  in  the  as- 
irottomicai  telescope,  but  on  the  breHdili  (»l  the  pupil  of 
the  eye,  is  eACeedtn:*iy  small  ; for  smcc  theptmeiis  of  the 
rays  enter  the  eye  very  much  diverging  from  uiie  atuuher, 
but  few  of  them  can  br  inleicepteil  by  the  ptipil;  and 
this  incouscnirnce  increases  with  the  mat;iMfying  power 
of  the  tL'Icscupe,  so  that  philosophers  may  now  well  won* 
der  at  the  patience  and  address  with  which  Galileo  and 
others,  with  such  an  instrument,  made  the  discoveries 
they  did.  And  yet  no  other  telescope  was  thought  of  for 
many  years  afu-r  the  discovery.  Di.>scartt«,  who  wrote 
50  years  after,  maotiuns  no  other  as  iictunlly  construtltcd, 
though  Keplar  bad  suggested  some.  Hence, 

1.  In  an  instrument  thus  framed,  all  people,  except 
myopes,  or  shori*sigiiced  persons,  muse  see  objects  di- 
stinctly in  an  erect  situation,  ami  increaM-d  in  the  ratio 
of  the  distance  of  the  virtual  focus  of  the  eye-glass*  lu 
the  dihtance  of  the  focus  of  the  object'glHts. 

2.  lUit  fur  mynp<'s  to  see  objects  disthiCtlv  through 
such  an  instrument,  the  eye-glass  muiU  be  set  ncan't  the 
object-glass,  so  tliat  the  ro>s  of  each  )>cncil  may  not 
emerge  parallel,  but  may  fall  diverging  upon  the  eye;  in 
which  case  the  apparent  magnitude  will  be  altered  a little, 
though  scarce  sensibly. 

3.  Since  (he  focus  of  a plano-convex  object  lens,  and 
the  virtual  focus  of  a plano-concave  c>»-leni,  are  at  the 
distance  of  the  diameter  ^ and  the  focus  of  an  object- 
glavs  convex  on  l»oth  sides,  and  the  virtual  focus  of  an 
eye- glass  concave  on  both  sitk-s,  are  at  the  distance  of  a 
semi-diaincter ; if  (he  object-glass  be  plann-ctmvcx,  and 
the  eye-glass  plano-concave,  (hg  telescope  will  increase 
the  diameter  of  the  object,  in  the  ratio  of  the  diameter  of 
the  concavity  to  that  of  (be  convexity : if  the  object- 
glass  be  convex  on  both  sides,  and  the  eyc-gla»s  concave 
on  both  sides,  it  will  magnify  in  the  ratio  of  the  semi- 
diatneter  of  the  concavity  to  that  of  the  convexity  : if  the 
object-glass  be  plano-convex,  and  the  eye-glass  concave 
on  both  sides,  the  semidiametcr  of  the  object  will  be  in- 
creased in  the  miui  of  lb<*  diameter  of  (he  convexity  to 
the  semidiameter  of  the  concavity : and  lastly,  if  the  ob- 
ject-glass be  convex  on  both  sides,  and  the  eye-gla&s  plano- 
concave, the  increase  will  be  in  the  ratio  of  the  diameter 
of  the  concavity  to  the  semidiametcr  of  the  convexity. 

4.  Since  the  ratio  of  the  srmidiameiers  is  the  same  as 
(hat  of  the  diameters,  telescopes  magnify  the  object  in 
the  ramc  manner,  whether  the  object-glass  be  plann-cnn- 
vex,  and  the  eyc-glasa  plano-concave ; or  whether  the 
one  be  convex  on  both  sides,  and  the  other  concave  on 
both. 

5.  Since  the  semidiametcr  of  the  concavity  has  a leas 
ratio  to  the  diameter  of  the  convexity  than  its  diameter 
has,  a lelescnpe  magnifies  more  if  the  object-glass  be 
plaiso-convex,  th^n  if  it  be  convex  on  b<)lb  side*.  The 
case  is  the  same  if  the  eyi'-glass  be  concave  on  both  sides, 
and  not  pluno-concave. 

6.  'I  he  greater  the  diameter  of  the  ohject-glass,  and 
' the  less  that  of  the  cyt-glo-ss,  the  las  ratio  has  iho  diame- 
ter of  the  object,  viewed  with  the  naked  eye,  to  its  st  mi- 
diameter  when  viewed  with  a telacope, anti  conaet^uently 
the  more  it  tbe  object  magnified  by  it. 

7.  Since  a telescope  exhibits  somuch-a  less  part  of  tbe 
object,  as  it  increases  its  diameter  m<»re,  for  this  reas^m, 
matbematiciaos  were  determined  to  look  out  for  another 
telescope,  after  having  clearly  found  tha  imperfection  of 


the  first,  which  was  discovered  by  chance.  Nor  were 
their  endeavours  vain,  as  appears  from  the  o>irouomical 
telescope  described  below. 

If  the  scmidiHmeler  of  the  eye-glass  have  too  small  a 
ratio  to  (hat  of  the  object-glass,  an  object  through  the 
telescope  will  not  appear  sufficiently  clear,  because  the 
great  divergency  of  the  rays  will  occasion  (be  several  pen- 
cils represciiliiig  the  several  p<iiiits  of  the  object  on  the  • 
rctiim.  to  consist  of  too  few  rays. 

U is  also  found  (hut  equal  object-lensi’s  will  not  bear 
the  same  eye-lenses,  if  they  be  cliHerenlly  transparent, 
or  if  there  be  a didt  rcncc  in  their  polish ; a le»s  trans- 
parent ubjcct-gliiss,  or  one  less  accunitely  etumid,  rc- 
quirhig  a more  spherical  eye-glass  than  unuther  mure 
traiispan'iu,  6(C. 

Heveliu*  rt'commcnds  an  object-glass  convex  on  both 
sides,  whosi'  diameter  is  4 feet ; and  an  e)e-gl.iss  concave 
on  both  sides,  whose  diameter  is  4^  tenths  of  a f«K>i, 

An  object-glass,  equally  convex  on  both  sides  wbosi  dia- 
m«*ler  is  5 teet,  he  observ«-s,  will  require  an  e>  e-glass  of 
54  temhs;  and  adds,  that  the  same  e^c-gla&s  will  also 
serve  an  object-glass  of  (i  or  10  feet.  • 

lienee,  as  the  diHtunce  between  tbe  object-glass  and 
eye-gla>i  is  the  tbflerrncc  between  the  distance  of  the  vir- 
tual iociif  of  the  ey('-g)as9,  and  tbe  distance  of  the  focus 
of  the  ohject-glass;  (he  length  of  the  teU'seope  is  had  by 
subtracting  that  from  (his.  That  is,  the  length  of  the 
telescope  is  the  ditlerence  between  tbe  diameters  ot  tbo 
object-glass  and  eyt*-gUss,  if  (he  lormer  be  plnno-convex, 
and  the  Utter  plano-concave;  or  (be  difTcrenre  betwivn 
the  semidiamelers  of  the  object-glass  and  tve-gUss,  if  tbe 
former  be  convex  on  both  sides,  and  the  latter  concave  on 
both  ; or  the  dith-rvnee  Ulwt-t*n  the  seniidianieter  ol  (hs 
obji'ct-glass  and  the  diameter  of  tin;  eye-glass,  if  the  former 
be  convex  on  both  aides,  uiid  the  Utter  plano-concave ; 
or  lastly  the  difference  between  the  diameter  t»f  the  object- 
gloss  and  the  semidiametcr  of  the  eye-glass,  if  the  former 
be  plano-<onvex,  and  the  liiUer  concave  on  both  sides. 
Thus,  for  instance,  if  the  diameter  of  an  object-glass,  con- 
vex on  both  sides,  be  4 firl,  and  (hut  of  au  eye-gUss,  con- 
cave on  both  sides,  be44  irnihs  of  a foot ; then  the  length 
of  the  telescope  will  be  I foot  and  7 j tenths. 

Atironomuai  TcLEScoeK ; this  is  one  that  consists  of 
an  object-glos!*,  and  an  C) e-glass,  both  convex.  Jt  is  so 
called  from  being  wholly  used  in  asuonomicul  observa- 
tions. 

It  was  Kepler  who  first  suggested  the  idea  of  this  tele- 
scope: having  explained  the  rationale,  and  pointed  out 
the  advantages  of  it  in  his  Catoptrics,  in  Kti  1.  But  the 
first  person  who  actually  made  an  instrument  of  this  con- 
ttructioii,  was  father  Scheiner,  who  has  itiven  a description 
of  it  in  his  Rosa  Ursina,  published  in  Ib.'lO.  To  this  pur- 
pose hr  says,  if  you  insert  two  similar  convex  lenses  in  a 
lube,  and  place  your  eye  at  a convt  nient  distance,  you 
will  see  all  terrestrial  objects,  inverted  indeed,  hut  mng- 
nified  and  very  distinct,  with  a considerubic  extent  uf 
view.  He  afterwards  subjoined  an  accountof  .1  telescope 
of  a different  construction,  with  tw-n  convex  eye-glaw's, 
which  again  reverses  the  images,  ami  makes  them  apfse.xr 
in  their  natural  position.  Father  Heita  however  soon  after 
proposed  a bolter  constructiun,  using  liirev  eye-glus«cs  in> 
stead  of  two. 

Corutntction  of  the  Astronomical  TELCSCorc.  Tbe  tube* 
being  prepanxl,  an  object-glass,  either  plano-convex, 
or  convex  on  both  aides,  but  a segment  of  a laige  sphere. 
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» filled  in  fit  one  er>d  ; nnd  nn  convex  on  both 

v^tiich  is  (he  •egmem  oC  n fttnall  »pherc,  i&  lilted  tu 
ibi‘  other  rixl ; al  the  common  distance  of  the  loci. 

1hu»  the  mys  uf  each  |K'iKii  issuing  from  e^cry  point 
ut’  the  object  ABC,  (fig.  3,  pi.  36)  paasing  through  the 
uojoct'^biM  DEr,  bt'come  cimverging^  ami  liteet  in  their 
foci  at  ilio,  where  an  image  of  iheobp'C^  will  bcfnimed. 
ir  then  another  convex  lens  km»  of  a<hoiter  focal  length, 
l>e  so  placed,  as  that  its  focus  shall  l>e  m luo,  the  rays  of 
each  pencil,  after  passing  through  it,  will  become  m^arly 
parallel,  so  as  to  meet  upon  the  retina,  and  form  an  en> 
larged  image  of  the  t»bjecl  at  nsT.  II  the  procens  of  the 
rays  be  traced,  it  will  presently  be  perceived  that  this 
image  must  be  inverted.  For  the  pencil  that  issues  from 
A,  has  Its  focus  in  o,  and  again  in  k,  vm  the  s.tntc  side 
with  A.  Kut  os  there  is  always  one  inversion  in  simple 
vision,  this  waul  of  inversion  produces  just  the  ri'verse  of 
the  natural  upp^rartce.  The  field  of  view  in  this  (civ 
scope  will  be  large,  because  all  (he  pencils  that  can  be 
received  on  (he  surface  of  the  lens  an,  being  converging 
alter  passing  through  it,  are  thrown  into  the  pupil  of  the 
eve.  placed  m the  common  inursection  of  the  pencils 
at  p.  • 

lluory  qf  the  Aitronomiaxl  Tcr.KBCo?c.-^Aa  eye 
placed  near  the  focus  of  the  cyc>glass,  of  such  a tele- 
scope, Will  sec  objects  distinctly,  but  inverted,  and  magnt- 
fii-<i  in  the  ratio  of  (hedistiinccuf  thi-  f«>cusof  theeyc-glass 
to  ihe  diilancc  of  the  focus  of  the  ohjecl-gla»s. 

if  ihe  sphere  of  concavity  in  the  eyeglass  of  the  Gali- 
k-an  telescope,  be  et^unl  to  the  sphere  of  convexity  in  ilie 
ryc>^laM  of  amvilier  telescope,  their  magnifying  jxiwrr 
will  be  the  same.  The  concave  glass  however  being 
plact^d  between  ihe  obji  ct-glass  and  us  focus,  the  Galilean 
telescope  will  be  shorter  than  the  other,  by  twice  the 
focal  length  of  the  eye-glass.  Consequently,  if  the  length 
of  the  udescopt-s  be  the  sume,  the  Galilean  will  have  the 
greater  magnifying  power.  Vision  is  also  more  distinct 
in  tlicse  telescopes,  owing  in  part  perhaps  to  there  being 
no  intermc'diate  image  between  the  eye  and  the  object. 
Ik-sides,  ihe  eye-glass  being  very  thin  in  the  centre,  (he 
^ays  will  be  less  liable  to  be  distortnl  by  irregularities  in 
tbe  substance  of  the  glass.  Whatever  be  the  cause,  we 
can  sometimes  sec  Jupiter's  satellites  very  clearly  in  a 
Galilean  telescope,  of  20  inches  or  2 feet  long,  when  one 
of  4 or  5 feet,  of  the  common  sort,  will  hardly  make 
them  visible. 

As  the  astronomical  telescope  exhibits  objects  inverted, 
it  serves  commodiouvly  enough  for  observing  the  stars,  as 
it  is  not  material  whether  they  be  seen  erect  or  invorred  ; 
but  fur  lerresiria)  objects  it  it  much  lets  proper,  as  the 
inverting  often  prevents  them  from  being  known.  But  if 
a plane  well-polished  metal  speculum,  of  an  oval  figure, 
and  about  an  inch  long,  and  inclined  to  the  axis  in  an 
angle  of  43%  be  placed  behind  the  eye-glass;  then  the 
eye,  conveniently  placed,  will  see  the  image,  hence  re- 
fitted, in  the  same  magnitude  as  before,  but  in  an  erect 
situation;  and  therefore,  by  the  addition  of  such  a specu- 
lum, the  a.vlrnnnmical  telescope  is  thus  rendered  fit  to 
observe  terrestrial  objects. 

Since  the  focus  of  tho  glass,  convex  on  both  aides,  is 
distant  from  the  glau  itself  a semidiameter,  and  that  of  a 
plano-convex  glass,  a diameter;  if  tb«  objt'Ct-glass  be 
convex  nn  both  sides,  the  telescope  will  magnify  the  semi- 
diameter of  the  ohjoci,  in  the  rBtio  of  tbe  diameter  of  (he 
eye-glass  to  the  diameter  of  tbe  objcct-glau;  but  if  the 


ohjcct-gitto  be  a plano-convex,  in  the  ratio  of  the  semi- 
diamtlvr  of  the  cyc-glM>  to  the  diameter  of  the  objeci- 
And  thcrciore  a tclcaco|>c  magnifies  more  if  the 
obj4  Ct-gla».s  be  a plano-convex,  ihan  if  convex  on  b<uh 
sides.  And  for  the  tanic  rLasua,  a lidfscfipe  magnifies 
more  when  the  cyc-glass  is  convex  on  bulb  sides,  than 
whm  it  is  ptaiio-convcx. 

A IckscufH?  ma;4nifies  the  more,  as  the  object-glass  is  a 
segment  of  a great  sphere,  and  the  eye-glas^  ofa  lew  one. 
Ami  yet  the  cyi*-glaji*  rnuU  not  be  too  smut!  in  n-spen  of 
the  objeci-glas^;  for  it  it  be,  it  will  not  refract  rays 
enough  to  ihc  eye  from  cavh  jvoint  of  the  object  ; nor 
will  it  separate  sufiiciently  those  that  come  Irom  differrnt 
piints;  by  which  means  tbe  vision  will  be  rendered  ob- 
scure ami  confused.*— Dachales  observes,  that  an  ohji'ct- 
lens  of  kx-t  will  require  an  eye-glaM  of  If  tenth  of  a 
fool ' and  an  object-glass  of  8 or  10  fc<  t,  an  cye-gUvs  of 
4 tenths;  in  which  he  is  confirmed  by  Kustachio  Divini. 

To  $horten  the  Aitronomieal  Telescupr;  (hat  is,  to 
construct  a telescope  so,  as  that,  though  shorter  than  tbe 
common  orw*,  it  shall  nqignify  as  much. 

Having  provided  a drawing  tube,  fit  in  it  an  object-lens 
EO  which  is  a segment  of  a moJerate  sphere;  let  ibc  first 


eye-glass  bd  be  concave  on  both  sides,  and  so  placed  in 
the  tube,  as  (hut  the  fiveus  of  the  object-glass  a may 
be  behind  it,  but  nearer  to  the  centre  of  the  concavity 
o:  then  will  the  image  be  thrown  in  Q,  so  as  that  oa  : 
Cl  : ; AB  : qi.  laistly,  fit  in  another  object-glass,  con- 
vex on  both  side's,  and  a segment  of  a smaller  sphere,  so 
as  that  its  focus  may  be  in  q. 

This  telescope  will  magnify  (he  diameter  of  (be  object 
more  riian  if  the  object-glass  were  to  rcpn-seiu  its  image 
at  the  same  disiunce  eq;  and  consequrnlly  a shorter 
telef>cope,  constructed  this,  way,  is  equivalent  to  a longer 
in  the  common  way.  See  Wolfius  Elem.  Math.  vol.  3, 
pa.  245. 

• Sir  Isaac  Newton  furnishes  us  with  another  method  of 
constructing  the  teliwcoiie,  in  his  catuptrical  or  reflecting 
telescope,  the  construction  of  which  is  given  bulow.  See 
Achromatic  Tflescopb. 

/feriaf  Telescope,  a kind  of  astronomical  telescope, 
the  lenses  of  ^hich  arc  used  without  a tube.  In  strict- 
ness however,  the  aerial  telescope  is  rather  a particular 
manner  of  mounting  and  managing  long  tek-scopos  for 
celestial  obscrvaiion.in  Uie  night-time,  by  which  the  trou- 
ble of  long  unwieldy  tubes  is  saved,  than  a particular 
kind  of  tele»cop<> ; and  the  contrivance  was  one  of  Huy- 
gens's. This  invention  was  successfully  practised  by  the 
inventor  himself  and  others,  particular^  with  us  by  Mr. 
Pound  and  Dr.  Bradley,  with  an  objeci-.;}asi  of  123  feet 
focal  distance,  and  an  apparatus  belonging  to  it,  made 
and  prv'seoted  by  Huygens  to  the  K«>yal  Society,  and  de- 
scribe! in  his  Astroscopia  Cumpendittria  Tubi  OpticiMo- 
limine  Liberata,  printed  at  the  Hague  in  lG84. 

The  principal  parts  of  this  telescope  may  be  compre- 
heiuli'd  from  a view  of  fig.  4,  pi.  36,  where  ab  is  a long 
pole,  or  a naasr,  or  a high  tree,  &c,  in  a groove  of  which 
slides  a piece  that  carries  a small  tube  lx  in  which  is 
fixed  an  objcct-glaw ; which  tube  is  connected  by  a fine 
3 K 2 
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line,  with  toother  small  tube  oq,  which  contains  the 
eye^lau,  &c.  ' 

Lahire  contrived  a little  machine  for  managing  the 
object-gio»t»  which  is  described  Mcin.  dc  I'Acad.  1715. 
See  Smith's  Optics,  book  3,  chap.  10. 

linrtsoeker,  who  made  ttleacupes  of  a very  o)nsider- 
ablc  focal  length,  contrived  a method  of  using  them  with* 
out  a tube,  by  fixing  them  to  the  top  of  a tree,  a high 
wall,  or  the  roof  of  a house.  MisceK  Berol.  vol.  1, 
pa.  2fil> 

Huygens’s  great  telescope,  with  which  Saturn’s  true 
face,  and  one  of  his  satellites  were  first  discovered,  cod* 
lists  of  an  object-glass  of  12  fret,  and  an  eye-glass  of  a 
liliic  more  than  3 inches;  though  he  frequently  used  a 
telescope  of  23  feet  long,  with  two  cye-gla;>si*s  joined  to- 
gether, each  H inch  diameter;  so  that  the  two  were 
equal  to  one  of  3 inches. 

The  same  author  observes,  that  an  object-glass  of  30 
feet  requires  an  eye-glass  of  3t^  inches;  and  has  given  a 
table  of  proportions  for  constructing  astronomical  tele- 
scopes, an  abridgement  of  which  as  follows  : 


Dtttincv  of 

Fucui  of 
Ot)jcc('GlsMet. 

Dtwnrtcr 

of 

Apermrv. 

of 

Fucot  trf" 
Eyf-Ghwi. 

Power  <ir  M*gni- 
Tude  of 
Ditmeter. 

Fc«t. 

InchM 
•nd  Deriin. 

Incite*  ■ 
and  Decim. 

1 

0*55 

0 6T 

20 

2 

077 

0-85 

28 

3 

0*95 

105 

34 

4 

log 

1-20 

40 

5 

1-23 

1*35 

44 

6 

1-34 

1 47 

• 49 

7 

1-45 

1-60 

53 

8 

1-55 

1*71 

46 

9 

1‘6‘4 

1 80 

60 

10 

1 73 

igo 

6'3 

15 

2-12 

2*33 

77 

20 

2*45 

2-70 

89 

25 

274 

3-01 

100 

30 

3-00 

3-30 

109 

40 

3-46 

3*81 

120 

50 

3*87 

4-26 

141 

6o 

4*24 

4*fi() 

154 

70 

4-58 

5*04 

1 66 

80 

4*90 

439 

178 

90 

5-20 

572 

189 

100 

5*9 

603 

200 

120 

6-00 

6-6o 

218 

140 

6-48 

712 

234 

IfiO 

6-93 

7'62 

252 

180 

7'35 

8*09 

267 

loo 

77i 

853 

281 

220 

8-12 

893 

295 

240 

8*48 

0*33 

308 

260 

8-83 

971 

321 

280 

g-i6 

1008 

333 

300 

9-49 

10*44 

345 

400 

10*95 

12'05 

400 

500 

12*25 

13*47 

445 

600 

13*42 

1476 

488. 

Dr.  Sniilb  (Rem.  pa.  78)  observes,  that  the  magnifying 
powers  of  this  tabic  are  not  so  great  as  Huygens  himself 
intended,  or  as  the  best  object-glasses  now  made  will  ad- 
mi  t of.  For  the  author*  in  his  Astroscopia  Compeodiaria, 


mentions  an  object-glass  of  34  feet  focal  distance,  vshlch, 
in  astronomical  ab<«r%'alk)Ds,  bore  ao  eyc-gluss  of  'J{ 
inches  focal  distance,  and  consequently  magnified  16'3 
tiroes.  According  to  this  standard,  a telc&cope  of  35 
fret  ought  to  magnify  1(>6  times,  and  of  1 foot  28  times; 
whereas  the  table  allows  but  118  tiim-s  to  the  lurmcr, 
and  but  20  to  ihe  latter.  Now  -4tr  Iv  £=  1*4;  by 
which  if  we  multiply  the  numbers  in  the  given  column 
of  magtiifying  powers,  we  shall  gain  a new  Column,  show- 
ing how  much  those  object-glasaes  ought  to  magnify  if 
wrought  up  to  the  perfection  of  this  standard. 

The  new  aperturt^s  and  eye-g)as>es  must  also  be  taken 
in  the  same  proportions  to  each  other,  as  the  old  om-s 
have  in  the  table ; or  the  eye-glasses  may  be  found  by 
dividing  the  length  of  each  telescope  by  its  maginrying 
power.  And  thus  a new  table  piny  be  easily  made  lor 
this  or  any  otlier  more  perfect  standani  w hen  offered. 

The  rule  fur  computing  this  table  depends  on  the  fol- 
lowing theorem,  viz,  that  in  refracting  teleacupes  of  dif- 
ferent lengths,  ft  given  object  will  appear  equally  bright 
and  equally  distinct,  when  their  linear  apertures  and  the 
fr>cal  distances  of  their  cye-glasscs  are  severally  in  a sub- 
duplicaia  ratio  of  their  lengths,  or  focal  distances  of 
tlioir  object-glasses ; and  then  also  the  breadth  of  their 
apertures  wilt  be  in  the  subduplicate  ratio  of  their  lengths. 

The  rule  is  this:  Multiply  the  number  of  feet  in  the 
focal  distance  of  any  proposed  object-glass  by  3000,  and 
the  square-root  of  the  product  will  give  the  breadth  of 
its  aperture  in  centesms,  or  100th  parts  of  an  inch;  that 
is,  ^3000f  is  the  breadth  of  the  ap'rture  in  centesms  of 
an  inch,  where  f is  the  focal  distance  of  the  object-glass 
in  feet.  Also,  the  same  breadth  of  the  nperture  increased 
by  the  10th  part  of  itself,  gives  the  fucal  distance  of  tba 
rye-glass  in  centesms  of  an  inch.  And  the  magnifying 
powers  are  as  the  breadths  of  the  apertures. 

If,  in  different  telescopes,  the  ratio  between  the  object- 
glass  and  eye-gla&s  be  the  same,  the  object  will  be  magni- 
fied the  same  in  both.  Hence  some  may  conclude  the 
making  of  large  telescopes  a needless  trouble.  But  It  must 
be  remembered,  that  an  eye-glass  may  be  in  a leu  ratio  to 
a greater  object-glass  than  to  asmallcr:  thus,  forVxample, 
in  Huygens's  telescope  of  25  feet,  the  eye-glass  is  3 inches: 
now,  keeping  this  proportion  in  a telescope  of  50  feet,  the 
eye-glass  should  be  6 inches;  but  the  table  shows  that  4{ 
are  sufficient.  Hence,  from  the  same  table  it  appears, 
that  a telescope  of  50  feet  magnifies  in  the  ratio  of  1 to 
141  ; whereas  that  of  25  feet  only  magnifies  ia  the  ratio 
of  1 to  lOO. 

Since  the  distance  of  the  lens  is  eijual  to  the  aggregate 
of  the  distances  of  the  foci  of  the  object  and  cye-glaurs ; 
and  since  the  focus  of  a glass  convex  on  each  side  is  a 
sciuidiameter’s  distance  from  the  lens,  and  tliat  of  a plano- 
convex at  a diameter's  distance  from  the  same;  the  length 
of  a telescope  is  equal  to  the  aggregate  of  the  semidiaraetcrs 
of  the  lenses,  if  the  object-glass  be  convex  on  both  sides  ; 
and  to  the  sum  uf  the  seniidiamctrr  of  the  eye-glass  and 
the  whole  diameter  of  the  object-glass,  if  the  object-glass 
be  a plano-convex. 

But  as  the  diameter  of  the  eye-glass  is  very  small  in 
respect  of  that  of  the  object-glass,  the  length  of  the  tele- 
scope is  usually  estimated  from  the  distance  of  the  object- 
glass;  i.c.  from  its  seniidiamcUT  if  it  be  convex  nn  both 
sides,  or  its  whole  diameter  if  plano-convex.  Thus,  a te- 
lescope is  said  to  be  12  feet,  if  the  K^miJiameter  of  the 
object-glass*  convex  on  both  sides*  be  12  feet,  &c. 
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Since  myopes  see  near  objects  best ; for  therut  the  eye- 
glass IS  to  be  removeil  neaicr^tu  the  ubjcct-glu^i,  that  the 
luys  refracted  through  it  may  be  the  more  diverging. 

To  take  in  the  larger  Held  at  one  view,  sunie  make  use 
of  two  eye-glasst^**,  the  forctnmi  of  which  is  a Si'gmen!  of 
u lai^er  sphere  than  that  behind ; to  (his  it  must  bo  added, 
that  if  two  lenses  be  joined  iminediiiteiy  together,  so  as 
the  one  may  touch  the  other,  the  focus  is  removed  to 
double  the  distance  which  that  of  one  of  them  would 
be  at. 

Load  Telescope,  or  Dtry  TcLEacorE,  is  one  adapted 
for  viewing  objects  in  the  day-timc,  on  or  about  the  earth. 
This  contains  more  than  two  lenses,  usually  it  has  a con- 
▼ca  object-glrt'S,  and  three  Convex  eye-glasses;  exhibiting 
objects  erect,  yet  Hitlerent  from  that  of  Galileo. 

In  ibis  telescope,  after  the  rays  have  passed  the  first 
cyi‘-glass  lit  (fig.  5,  pi.  38),  as  in  the  former  construction, 
instead  of  being  lliore  received  by  the  eye,  they  pass  on 
to  another  C(|ualiy  convex  Irrvs,  situated  at  twice  its  focal 
distance  from  the  other,  so  that  the  rays  of  each  pencil, 
being  parallel  in  that  whole  interval,  those  pencils  cross 
one  another  in  the  common  focus,  and  the  rays  consti- 
tuting thefn  are  tmnsmitied  parallel  to  the  second  eye* 
glass  LU  ; after  which,  the  rays  of  each  pencil  converge 
to  other  foci  at  mo,  where  a second  image  of  the  object  is 
formed,  but  iaverted  with  respect  to  the  former  image  in 
EP.  This  image  then  being  riewed  by  a third  eye-glass 
QR,  is  painted  upon  the  retina  at  XTx,  exactly  as  before, 
only  in  a contrary  position. 

Father  Reita  was  the  author  of  this  construction ; which 
is  cflecied  by  Htling  m at  one  end  of  a tube  an  object- 
glass,  which  is  either  convex  on  both  sides,  or  plano-con- 
vex, and  a segment  of  a large  sphere;  to  this  add  three 
eye-glasses,  all  convex  on  both  sides,  and  aegmeiiu  of  e<}ual 
spheres ; disposing  them  in  such  a manner  as  that  the 
distance  between  any  two  may  be  the  aggregate  of  the 
distances  of  their  foci.  Then  will  an  eye  applied  to  the 
last  lens,  at  the  distance  of  its  focus,  see  objects  very  dis- 
tinctly, erect,  and  magnified  in  the  ratio  of  the  distance 
of  the  focus  of  one  eye-glass,  to  the  distance  of  the  focus 
of  the  object-glass. 

Hence,  1.  An  astronomical  telescope  is  easily  converted 
into  a land  telescope,  by  using  three  eye-glasses  for  one; 
and  tbe  land  u-hscope,  on  the  contrary,  into  an  astrono- 
mical one,  by  taking  away  two  eye-glusscs,  the  faculty  of 
magnifying  still  remaining  the  same. 

2.  Since  the  distance  of  the  eyc-ghi^ses  is  very  small, 
tbe  length  of  the  telescope  is  much  tiic  same  as  if  you  only 
used  one. 

3.  Tlic  length  of  the  ti  lc*c<»pc  is  found  by  adding  fivq 
tiroes  the  semidiameter  of  the  ryc-glasscs,  to  the  diameter 
of  the  objcct'f;lass  when  this  is  a plano-convex,  or  to  its 
scmidiamelcr  when  convex  on  both  sides. 

Huygens  Hrst  observed,  both  in  the  a>tronomical  and 
land  telescope,  that  it  contributes  considerably  to  the 
perfection  of  the  instrument,  to  h.ive  a ring  of  wood  or 
metal,  with  an  apertim*,  a little  le^s  than  the  breadth  of 
the  eye-glass,  fixed  in  the  place  where  the  image  is  found 
to  radiate  upon  the  lens  next  the  eye;  by  means  of  which, 
the  colours,  which  are  apt  to  disturb  the  clearness  and 
distinctness  of  the  object,  are  prevented,  and  the  whole 
coropasa  taken  in  at  one  view,  perfectly  defined. 

Some  make  land  telescopes  of  three  lrn>es,  which  yet 
represent  objects  erect,  and  magnified  as  much  as  tbe 
former.  But  such  telescopes  are  subject  to  very  great  in- 


conveniences, both  as  the  objects  in  them  are  tinged  with 
false  colours,  and  as  they  arc  distorted  about  the  margin. 

Others  again  use  Hve  lenses,  and  even  more;  but  as 
some  parts  of  the  rays  are  intercepted  in  passing  every  lens, 
objects  arc  thus  exhibited  very  dimly. 

Telescopes  of  this  kind,  longer  than  20  feet,  will  be  of 
hardly  any  use  in  observing  terrestrial  objects,  on  account 
of  the  continual  motion  of  the  particles  of  the  atmosphere, 
which  these  piiwerful  telescopes  render  visible,  and  give 
a tremulous  motioo  to  the  objects  themwlvc#. 

The  great  length  of  dioptric  teiescopt's,  adapted  to  any 
important  astronomical  purpose,  rendered  them  extremely 
inconvenient  for  use ; as  it  was  necessary  to  increase  their 
length  in  no  less  a proportion  than  the  duplicate  of  the 
increase  of  their  magnifying  power : so  that,  in  order  to 
magnify  twice  as  much  as  before,  with  the  same  light  and 
distinctness,  the  telescope  required  to  he  lengthened  4 
times;  and  to  magnify  thrice  as  much,  9 times  tbe  length, 
and  so  on.  This  unwieldiness  of  refracting  telescopes, 
possessing  any  considerable  magnifying  power,  was  one 
cause,  why  the  aTtentton  of  astronomers,  &c,  was  directed 
to  the  discovery  and  construction  of  rvftecting  telescopes. 
And  indeed  a refracting  telescope,  even  of  lOtiO  feet  focus, 
supposing  it  possible  to  make  use  of  such  an  instrument, 
could  not  be  made  to  magnify  with  distinctness  motx'  than 
1000  limes ; whereas  a reflecting  telescope,  of  5 '>r  10  feel, 
will  magnify  12  hundred  times.  The  perfection  of  re- 
fracting telescopes,  it  is  well  known,  is  very  much  limited 
by  the  aberration  of  the  rays  of  light  from  the  geometrical 
focus:  and  this  .arises  from  two  diflereol  causes,  viz, 
from  tbe  different  degrees  of  refrangibility  of  light,  and 
from  the  sphericity,  which  is  not  of  a proper  curvature 
for  colL’ciing  tbe  rays  in  a single  point.  Till  the  time  of 
Newton,  no  optician  had  imagine«l  that  the  object-glasses 
of  telescopes  were  subject  to  any  other  error  besides  that 
which  arose  from  their  spherical  figure,  and  lliereforn  all 
their  efforts  were  directed  to  the  construction  of  them, 
with  other  kinds  of  curvature : but  that  author  had  no 
sooner  demonstrated  the  Hiff'crcnt  refrangibility  of  the  rays 
of  light,  than  he  discovered  in  this  circumstance  a new 
and  a much  greater  cauiK-  of  error  in  telescopes.  Thus, 
since  the  pencils  of  each  kind  of  light  have  their  foci  in 
different  places,  some  neilrer  and  some  farther  from  the 
lens,  it  is  evident  that  the  whole  beam  cannot  be  brought 
into  any  one  point,  but  that  it  will  be  drawn  the  nearest 
to  a point  in  the  middle  place  between  the  focus  of  the 
must  and  least  refrangible  rays;  so  that  the  focus  will  be 
a circular  space  of  a considerable  diameter.  Newton 
shows  that  this  space  is  about  the  55(b  part  of  the  aperture 
of  the  U'lescope,  and  that  the  focus  of  the  moat  refrangi- 
ble rays  is  nearer  to  the  object-gUss  than  the  focus  of  (be 
least  refrangible  ones,  by  about  thcC7i  part  of  the  di>tance 
between  the  object-glass,  and  the  focus  of  the  mcaji  re- 
frungibic  rayo.  Rut  he  says,  that  if  tbe  raya  flow  from  a 
lucid  point,  as  far  from  the  lens  on  one  side  as  their  foci 
are  on  the  other,  the  focus  of  the  most  refrangible  rays 
will  be  nearer  to  the  tens  than  that  of  the  least  refrangi- 
ble, by  more  than  the  14th  part  of  the  whole  distance. 
Hence,  he  concludes,  (hat  if  all  the  rays  of  light  were 
equally  refrangible,  the  error  in  te)escopes,  arising  from 
(be  sphericity  of  the  glass,  would  be  many  hundred  times 
less  than  it  now  is ; because  the  error  arising  from  the 
spherical  form^of  the  glass,  is  to  that  arising  from  the 
different  refrangibility  of  the  rays  of  light,  as  I'to  5449. 
See  Aberration. 
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Vpon  the  whole  he  observer,  tlmt  it  is  a womlcr  th^it 
telescopes  represint  objects  so  distinctly  as  they  do.  'I'hc 
reason  of  which  is,  that  the  disper«cil  rays  are  not  scat'' 
tert'd  unifurmly  over  all  the  circular  spnee  ubove-mrn- 
ttoned,  but  arc  inluiiti-ly  muiedeiive  iji  the  centre  (nan  in 
any  other  part  ol  (he  circle;  and  ibut  in  (lie  wuy  froii^  (he 
ccjitre  to  the  circumference  lliey  grow  cotittnuully  raior 
and  rarer,  till  at  the  circumf«'rcnc<‘  they  become  intiritely 
rare : for  which  reason,  these  dispersed  rays  arc  not 
copious  enough  to  be  visible,  except  about  the  centre  of 
the  circle.  He  also  mentions  another  argument,  to  prove, 
ihiti  the  ditfereni  rcfrnngihiOty  of  the  rays  of  light  is  the 
true  cause  of  the  imperfection  of  trlesrop«.  For  the  dis- 
persions ot  the  rays  arising  from  tbe  spherical  figures  of 
objict'glasses,  aie  as  the  cubes  of  their  apertures ; and 
therefore,  to  cau'p  telescopes  of  different  lengths  to  n*ag- 
iiify  with  equal  distinctness,  the  apertures  of  the  object* 
glasses,  and  the  charges  or  m:«snif)ing  ptiwt  rs  to 

be  as  rtic  cubts  of  the  square  roots  nf  their  lengths,  mIiicIi 
does  not  answer  to  experience.  But  the  errors  of  (he  rays, 
arising  from  (he  different  refrangibility,  areas  the  ap<u  hires 
of  the  object-glassc-s  ; and  tbenc«‘,  (u  make  tele^open  of 
diderent  lengths  (•>  magnify  with  equal  distinctness,  their 
n|K*itures  niid  charges  oii-hi  to  be  as  the  square  ro<»(s  of 
their  lengths ; and  ifiis  aii^uer^  to  oxpi  rience. 

Were  it  not  for  this  dillervm  refrangibiliiy  of  the  rays, 
telescopes  might  be  brought  to  a sufficient  ilegree  of  | er- 
leriion,  bv  Com|)05ing  tin*  ohject-glnss  of  two  with 

wjiterbeluet  n them.  For  by  lbi>  meaii',*  Iho  refrjn  tn-ns 
t»n  tin  concave  siiles  of  the  glu^^^•<i  will  very  iiim  h correct 
the  errors  of  the  refractions  on  the  convex  sides,  so  tur  as 
they  arise  from  tlu-ir  split  rical  hut  on  hi  count  of 

(he  diScrt'Dl  rcftangibility  of  differctii  kinds  of  rays.  New* 
CoH  did  not  sec  any  uthtr  means  of  improving  icle*<opcs 
by  refraction  only,  except  by  inciensing  tlicir  length. 
Newton's  Optics,  pa  73»  83,  3d  rcluion. 

This  important  desideratum  in  the  construction  of 
dioptric  teh^ico)M'S,  has  been  since  iliscvn-ercd  by  the  in- 
genious Mr.  Dollund  ; an  nccouiit  of  which  is  given  bt'low. 

/fcArofiw/fc  Telescope,  is  a name  given  to  the  re- 
fracting telescope,  invented  by  Mr.  J«ihn  Dollond,  ami 
so  contrived  as  to  remedy  the  aberration  iittsinc  irmu 
colours,  or  the  drfferent  rcirungibilit)  of  the  ru\s  ot  li^hl. 
See  AcH aoMatic. 

The  principles  of  Mr.  Dollontl’s  discovery  and  con- 
struction, have  bi-ei)  already  explained  under  the  articles 
Akerratiox,  and  Acuromatic.  The  improvement 
made  by  .Mr.  Dollund  in  his  telescopes,  by  making  two 
objcct'glaases  of  crown-glass,  and  one  of  flint,  which  wm» 
tried  with  success  when  omcavc  eye-glassts  were  used, 
was  completed  by  his  son  Peter  Dollond  ; who,  conceiv- 
ing that  tbe  same  method  might  be  practised  with  success 
with  convex  eye-glosses,  found,  after  a few  trials,  that  it 
might  be  done*  Accoidingly  he  finished  an  object-glass 
of  ^ feet  focal  length,  with  an  aperture  of  inches,  com- 
posed of  two  Convex  lenses  ol  crown-glsss,  and  one  con* 
cave  of  white  dint  glass.  But  apprehending  afterward 
that  tbe  aprrtuns  miglit  be  admitted  still  larger,  ho  cum* 
pick'd  one  of  feet  focal  length,  with  the  same  aperture 
of  3;|  inches.  Philos.  Trans,  vol.  55.  pa.  56. 

But  besides  (he  oblightion  we  are  under  to  Mr.  Dollond, 
for  corrvctinf.  the  abt-rration  of  the  rays  of  light  in  the 
foctu  of  object-glasses,  arising  from  their  different  refran- 
mbility,  he  made  another  considerable  improvement  in  te- 
lescopes, vir,  by  correcting,  in  a great  meaiure,  both  this 


kind  of  aberration,  and  also  that  which  ariiea  from  the 
spherical  i»rm  of  li  uses,  by  an  expedient  uf  a very  different 
nature,  vis,  increasing  the-  numiu-r  of  eye-classi's.  If  any 
person,  says  he,  would  have  the  usuul  angle  of  a tele-cope 
to  contain  ‘i;0  deuiees,  the  i xtrime  pencils  of  the,  livid 
roust  be  bent  t>r  refracted  in  un  jmcle  ot  lOdegm-v  ; vvhicb, 
if  it  be  {lerfornied  by  om  ''y<>.gfHss,  will  cause  an  alH  i ra- 
(j on  from  the  figure,  in  )ri<ipurtiori  to  the  cube  of  that 
angle  : but  if  (wo  ^Iasm's  bv*  so  proportioned  and  situated, 
as  that  the  r frucuon  may  be  equally  divided  U'tween 
them,  they  will  i*ach  of  ih*  in  prouuce  a refractii  ii  equal 
to  half  the  n-q  11  i red  angle  ; amt  tlterifoie,  the  aberration 
being  in  this  case  proportion.  I to  dt>uble  iltv  cube  nf  half 
(he  angle,  will  be  but  a 4th  part  of  (hat  which  is  in  pro- 
portion to  the  cube  of  the  whole  angle  ; because  twice  the 
cube  of  1 18  but  i of  the  cube  of  ‘.2 : so  (hut  the  aberration 
from  (he  figure,  where  two  eye-glas-esarc  rightly  propor-  - 
tinned,  is  but  a 4th  part  of  what  must  unavoidably  be, 
where  the  whole  is  iverfortiied  by  a single  eye-glass.  By 
the  same  way  of  reusouing,  vvhen  (he  refraction  is  divided 
among  three  glasses,  the  aberration  wilt  be  found  (o  be 
but  the  patf  what  would  be  produced  from  a single 
glns:^;  b'.'Causf  3 times  the  cube  <3f  1 is  but  the  pth  part 
III  the  cul)v  of  3.  Whence  it  appears,  that  by  increasing 
the  number  of  eye-glusses,  the  indistinctness,  near  tiie 
borders  of  the  fu  i<i  i>l  a telescope,  may  be  very  much 
dimmishcd,  thmigh  m>(  enlindv  taken  away. 

'I  be  method  oi  conuiing  the  errors  nn>ing  from  the 
dirlercnt  u frangihiiiiy  ot  ligJit,  of  a difiirent  mnsidera- 
tmn  fix>m  the  former ; for,  whereas  the  errors  from  the  fi- 
gure can  only  be  dimini  >hrd  in  a certain  proportion  to  (he 
number  of  glussr  -,  in  this  tiny  may  be  emireiy  corrected, 
by  the  addition  of  only  one  glass  ; as  vw  find  in  the  astro- 
nomical tvlv'scope,  that  two  eye-glasses,  rightly  propor- 
tioned, w ill  cause  (ho  edges  of  objects  to  appear  fiec  from 
colours  quito  to  tbe  borders  of  the  field.  Also,  in  theday 
telescope,  wlirre  no  more  (Itan  (wo  eye  glaive's  are  abso- 
lutely necessary  fe>r  erecting  tlie  object,  we  find,  by  the 
addition  of  a third  rightly  situated,  that  the  culours, 
which  would  otherwise  confuse  the  image,  arreniirelv  re* 
movetf  : but  this  must  be  understood  w ith  seinic  limitation ; 
for  though  the  diflennt  colours,  which  the  extreme  }ien* 
Cils  must  necessarily  be  divided  into  bv  the  edges  ol  the 
ewe-gUssrs,  may  mtliis  (uanmr  be  brrnighi;  roihr  eye  in  a 
direction  paralJel  to  each  otlier,  >o  us,  by  u»  humours,  to 
bi-  converged  to  puint  in  the  yet  if  the  glasses  cx- 

c»e«l  a certain  lerglh,  the  colours  may  be  spreuel  le>o  wide 
to  be  capHble  i>f  In'inu  ailmiiti  d through  (be  pupil  or  ap«r- 
lure  of  (he  eye ; v lucb  is  the  reuson  that,  m long  tele» 
sct'pes,  consiriicb  d m ibe  common  t'sy,  vvitli  ihnx:  eye- 
ghisves,  the  field  :>  iiheay  s very  much  concraettd. 

These  tonsideiations iirsl  set  Mr.  contriving 

how  to  cnlarce  the  field,  by  men  asmg  (be  umuber  of  eye- 
glasses, without  h'-sening  lii(  distinctness  or  brightness  of 
the  imngt*:  and  tht.>ugh  ethers  Imd  lauuured  ;il  (be  same 
Work  before,  yet  obv<  rving  that  the  fivi‘-elasa  tclescopea» 
sold  in  the  shops,  would  arlmit  of  further  improvement,  he 
endeavoureil  to  construct  one  with  the  same  number  of 
glasse--  in  a better  O'ar.ner  ; which  so  far  answered  bis  ex- 
pectutioni,  as  to  be  allowed  b^  the  best  judges  to  be  a con- 
siderable improvement  v»n  the  former,  l^cottragrd  by 
(his  success,  he  rrsulved  to  try  if  he  could  not  make  som« 
further  enlargeintj.t  id  (he  field,  by  the  addition  of  another 
glass,  and  by  placing  ami  propi>rtioning  the  glasses  in  such 
a manner,  as  to  correct  the  aberrations  as  much  as  poaai* 
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bte,  without  tiny  dclrimeni  to  the  diMinctncM  : and  at  ln$t 
he  obtained  hs  lar^‘  a H<-ld  as  is  convenient  or  necessary, 
and  that  even  in  ihe  longest  teiesco|>c«  that  can  be  made. 
*1 'hi*ve  lelescupts.  with  6 "lasses,  having  been  well  received 
both  at  home  and  abroad,  the  author  has  M.‘iricd  ifie  date 
of  the  invention  in  a letter  addressi*d  to  Mr.  Short,  and 
read  at  the  U.c*>al  S<^ciety,  March  I,  1753.  Philos. 
Trans.  vol.4S,  art.  14. 

Of  the  achromatic  telescopes,  invented  by  Mr.  Oollond, 
there  are  several  ditferent  sises,  from  one  f(K>l  to  8 feet  in 
leagth,  made  and  sold  by  bis  suns  P.  and  J.  Dollond.  lo 
the  17'inch  impmved  achromatic  telescope,  the  object- 
glass  is  composed  of  tliree  glasses,  via,  two  convex  of 
rrown>a|n«>s,  and  one  concave  of  white  dint  elnss  : the  fo- 
cal <list-)ure  of  this  ci'inbnk’tl  abp-it-ghi-s  is  aboot  17 
inches,  nnJ  tfic  dmmcierfU  the  nperture  2 lllCht•^.  'I'here 
are  4 eye  g)J^'‘ses  ctmtHmed  in  the  tube,  to  be  used  for  land 
objects;  th«'  ina^’iiilying power  with  liii'svis  near  50  limes; 
mid  they  are  ndjusud  to  dilt'cTenl  sights  ntul  to  diflereut 
distance^  of  the  *»bjt  cr,  by  loriuug  a huger  «icrew  at  the 
end  of  lie-  ooier  There  is  another  Lubi',  lonlaioiiig 

two  pye-gt.)She>t  ib»t  mug;nly  uboul  70  limes,  for  astrono- 
mical purposes.  1 be  irlescupc  may  ire  directed  lo  any 
obieci  by  turning  two  screws  in  the  stand  on  which  it  is 
hxed,  the  one  giving  a vertical  motion,  and  the  other  a 
horituntal  one.  The  stand  rttay  be  inclosed  in  the  inside 
of  the  brass  tube. 

The  obj(‘Ct-glaas  of  tbe  2|  and  3\  feet  telescopes  it  com- 
posed of  two  glasses,  one  convex  of  crown  glass,  and  the 
other  Concave  of  white  Hint  glass;  and  the  diameters  of 
their  apertures  nrt'  2 inches  and  inches.  Each  of  then 
is  furnished  with'two  tubes;  one  fur  land  objects,  con- 
taining four  eye-glassrs,  and  another  with  two  oye>glasscs 
for  ustroncKiucal  uses.  'I'hey  arc  adjusted  by  buttons  on 
the  outside  of  the  wooden  tube ; and  the  vertical  and  ho- 
rixoRtal  motions  are  given  by  joints  in  the  stands.  The 
magnifying  |>owci'  of  the  least  of  these  telescopes,  with  the 
rye-glass  for  land  objects,  is  near  50  times,  and  with  those 
for  astronomical  purposes,  80  tinnw ; and  that  of  the 
greatest  for  land  objects  is  near  70  limes,  but  fi»r  astrono- 
imcal  obsirvutions  80  and  130  tinuw;  lor  this  bus  two 
iubes,  either  of  whichjm.'iy  be  usetl  as  occasion  requires. 
Thi&  telescope  is  aNo  moved  by  a screw  and  rackwork, 
and  the  screw  is  turnetl  by  mean*  of  a Hook  s joint. 

These  opticians  also  construct  an  achromatic  pocket 
pcrvpeciiveglas«,or  Gahicttn  telescope;  so  contrived,  that 
ail  the  didt'rent  parts  arc  put  together  and  c<»ntaincd  in 
orw*  piece  inches  long.  Tfiis  small  telescope  is  fur- 
nished with  4 cmicave  ey<-‘glas>e«,  the  magnifying  powers 
of  which  are  6,  12,  18,  and  times.  With  the  greatest 
power  of  this  tetesCojK*,  the  satellites  of  Jupiter  and  the 
ring  of  Saturn  mnv  be  easily  mvii.  'I'hey  have  also  con- 
triu-d  an  achromatic  tele^copt*,  the  sliding  tubes  of  which 
are  made  of  very  thin  brass,  which  pns^  through  springs 
or  tubes ; thg  outride  tube  being  either  of  mahogany  or 
bras««.  Those  .tcU-bCO|>«,  which  from  thi  ir  convenience 
for  gentlemen  in  the  army  are  called' military  U'lei^copes, 
have  4 convex  eye-glasses,  w hose  surfuces  and  local  lengths 
are  so  proportioned,  as  to  render  the  hold  «>f  view  very 
larg<‘.  They  are  of  4 ditirrmt  lengths  and  sises,  usually 
failed  one  2,  3,  and  4 feet : the  hrst  it  14  inches 

when  in  use,  undo  indies  when  shut  up, having  the  aper- 
ture of  the  object-glass  inch,  and  magnifying  22 
times : the  second  28  inches  for  um*.  inches  shut  up,  tbe 
apcrlun  inch,  and  magnifying  35  times ; (he  (bird  40 


inches,  and  10  inches  shut,  with  tbe  aperture  2 inches, 
and  magnifying  45  tliui's;  and  the  fourth  52  inches, and 
14  inches  shut,  with  the  aperture  2i  inches,  and  magni- 
fying 55  times. 

Kulcr,  w ho,  in  a memoir  of  the  Academy  of  Berlin  for 
the  year  1757,  pa.  323,  had  calculated  the  eSiTU  of  all 
possible  combinations  of  lenses  in  telescopes  and  micros- 
copes, puldi&bed  another  long  memoir  on  the  subject  of 
these  telescop<-svhuwing  with  precision  of  what  advantages 
they  ore  naturally  ciipublc.  See  Misccl.  Taurin.  voL  3, 
part  2,  pa.  02. 

Mr.  Caleb  Smith,  having  paid  much  attention  to  thesub- 
jeet  of  shortening  and  iinproving  telescopes,  thought  be 
had  found  it  possible  to  rectify  the  errors  which  arise 
from  the  different  degrees  of  refrangibility,  on  the  princi- 
ple ihut  the  sines  of  lefraclion  of  rays  differently  refrangi- 
ble, arc  to  one  another  in  a given  proportion,  when  their 
sines  of  incidence  are  equal ; and  the  method  he  proposed 
for  this  purpose,  was  to  make  the  specula  of  glass,  instead 
ol  metal,  the  two  surfaces  having  different  degyciii  of  con- 
cavity. But  it  docs  not  appear  that  this  schema  Urol  evor 
carried  into  practice.  See  rhilos.  Trans.  No.  45ff,  pt.32ff. 

Tbe  ingenious  Mr.  Hamsdeti  has  lately  described  a new 
construction  of  eye-glasses  for  such  telescopos  as  may  be 
applieti  to  mathematical  instruments.  Tbe  construction 
which  he  proposes,  is  that  of  two  plano-convex  lenses,  both 
of  them  placed  between  the  eye  and  the  observed  image 
formed  by  the  object-glass  of  the  instmaieiit,  uikI  thus 
correcting  not  only  the  aberration  arisiBg  from  the  spheri- 
cal figure  of  tbe  lenses,  but  also  that  arising  from  the  dif- 
ferent refrangibility  of  light.  For  a more  particular  aef- 
coont  of  this  construction,  its  priuciple,aml  its  effects,  see 
Philos.  Trans,  vol.  73,  nrt.  5. 

A construction,  similar  at  least  in  its  principle  to  that 
above,  is  ascribed,  in  the  Synopsis  Optica  Honorati  Fnbri, 
to  Eustachio  Divini,  who  placed  two  equal  narrow  plano- 
convex lenses,  instead  of  one  eye  lens,  to  bis  telescopes, 
which  touched  at  their  vertices ; the  focus  of  the  object- 
glass  coinciding  with  the  centre  of  the  plano-convex  lens 
next  it.  And  this,  it  is  said,  was  dune  at  emee  both  to 
make  the  rays  that  come  parallel  from  the  object  fall  pa- 
rallel upon  the  eye,  to  exclude  the  colours  of  the  ruinbow 
from  it.  lo  augment  the  angle  of  ’<ight,  the  held  of  view, 
tbe  brightness  of  the  object,  ^c.  I'his  was  also  known  to 
Huygens,  who  sometimt*s  made  use  of  the  same  construe- 
tion,  and  gives  the  theory  of  it  in  his  Dioptrics.  Se^  Hu- 
genii  Opera  Varia,  vol.  4,  ed.  1728. 

Telcxcope,  or  Cblop/r/c,  or  CbAsifsopTrlc,  is 

a telescope  which,  instead  of  lenve-s,  consists  chiefly  of 
mirrors,  and  exhibits  remote  objects  by  reflecdou  instead 
of  refraction. 

A brief  account  of  the  history  of  the  invention  of  (his 
important  and  uncful  telescope,  is  as  follows.  l‘he  inge- 
nious Mr.Jame-s  Gregory,  of  Aberdeen,  has  been  com- 
moldy  considered  as  the  flrst  inventor  of  this  leleseopc.^ 
But  it  seiMiis  the  tlrst  thought  of  a reflector  had  been  sug- 
gested by  Mersenne,  about  20  years  before  the  date  of 
Gregory’s  invention  :*u  hmt  to  this  purpose  occuis  in  the 
7 th  proposition  of  his  Catoptrics,  which  was  printed  in 
1651 : and  it  appears  from  tbe  3d  and  29th  letters  of  Des- 
cartes, in  vol.  2 of  his  Lt^Uers,  which  it  is  said  were  written 
in  1639,  though  they  were  not  published  till  theyear 
that  Mersenne  proposed  a telescope  with  specula  to  Des- 
cartes in  that  correspondence ; though  indeed  in  a manner 
so  very  uhsaiistiKtory,  that  Descartes,  who  bad  given  par* 


TEL 


T U 1. 


[ 496  } 


ticular  attention  CO  the  iraprovemont  of  the  telescope*  w&s 
fiO  far  from  fl|^roving  the  pro]H>Mil,  that  he  endeavoured 
lo  convince  Mcrvnne  of  iufaUucy.  This  point  has  bit  n 
laigely  discussed  by  Le  Roi  in  the  Encyclopedia,  ail.Tc* 
lesco|H*,  and  by  Montuclain  his  llisi.dcs  Maihrm.  tom. 2, 
pa.  ^'43. 

Whether  Gregor)’  had  seen  Merseiiuc’s  treatise  on  optics 
and  catoptrics*  and  whether  lie  availed  himself  of  the  hint 
tljcrcsu^^’stcd,  or  not,  perhaps  cannot  now  be  determined. 
He  was  however  to  the  mvemiun  by  seeking  to  correct 
two  imper'ectit>nv  in  the  comm»m  telescope:  the  first  of 
these  was  its  too  great  length,  which  made  it  troublesome 
til  manage;  and  the  second  was  tlic  incorrectness  of  the 
image.  It  had  been  already  demonstrated,  that  a pencil 
of  rays  could  not  becoIU  ctcd  in  a single  point  by  a spheri- 
cal lens  ; and  al»o*  that  the  image  transmitted  by  »uch  a 
lens  would  be  in  Siime  degree  incurvaied.  These  inconve- 
niencics  he  thought  might  be  obviated  by  subsliluting  for 
the  object-ghiss  a metallic  s|>cculum*  of  a puvabulical  fi- 
gure* to  receive  tbe  image*  and  to  reflect  it  towards  a small 
speculum  of  the  same  metal;  this  again  was  to  ri'turn  tbe 
image  to  an  eye-glasi  placed  behind  the  great  speculum* 
which  was,  for  that  purpose,  to  be  perforaU'd  in  its  centre. 
This  construction  he  published  in  l6(>3*  in  bis  Optica 
Troinota.  But  as  Gri’gory*  according  to  his  own  account* 
possessed  no  mechanical  skill*  and  could  not  tind  a work- 
man capable  of  realising  bis  inventioo,  after  some  fruitless 
trials,  he  was  obliged  to  give  up  llie  thoughts  of  bringing 
tck-scupes  of  this  kind  into  use. 

Sir  Isaac  Newtou  however  interposed,  to  save  this  ex- 
cellent invention  from  perishing,  and  to  bring  it  forward 
to  muiurity.  Having  applied  himself  10  the  improvement 
of  tbe  telespope*  and  imagining  that  Gregory's  specula 
were  neither  very  m-cessary,  nor  likely  to  be  executed,  he 
began  with  prosecuting  the  views  of  Descartes*  who  aimed 
at  making  u more  perfect  image  of  an  object,  by  grinding 
lenses,  not  to  the  figure  of  a sphere,  but  to  that  formed 
from  Give  of  the  conic  sections.  But,  in  ibo  year  16'6(). 
having  discovered  the  diflerent  refrangibitity  of  (he  rays 
oflight,  and  finding  that  the  errors  of  ulcscopcs,  arising 
from  that  cause  alone,  were  much  more  considerable  than 
such  ns  were  occasioned  by  the  spiuTlcal  figure  of  lenses, 
he  was  comiruiiied  to  turn  his  thoughts  to  reflectors.  'I'he 
plague  however  interrupted  his  progress  in  this  business  ; 
so  that  it  was  towards  the  end  ot  1 6'u8,  or  in  the  beginning 
of  Ib'ttp,  when,  despairing  of  |jcrfecting  telcscojics  by 
means  of  refracted  light,  and  recurring  to  the  cumlruciion 
of  reflectors*  he  set  about  making  his  own  specula,  and 
early  in  the  year  1072  cumpicicd  iwosmull  refli-cting  tele- 
scopes. In  these  he  ground  the  large  speculum  into  a 
spherical  concave,  being  unable  to  accomplish  the  para- 
bolic form  proposed  by  Gregory  ; but  though  he  then 
despaired  of  performing  that  work  by  geometrical  rub's, 
yet  (as  he  writes  in  a letter  that  accompanied  one  of  these 
jDStrunxnts,  which  he  presemed  to  the  Royal  Society)  he 
doubted  not  but  (hat  the  thing  might  in  some  mcftsure  be 
accomplished  by  mechanical  devices.  With  a perseverance 
equal  to  his  ingenuity,  he,  in  a groat  measure,  overcame 
another  difficulty,  which  was  to  find  a metallic  substance 
that  would  be  of  a proper  hardness,  have  the  fewest  pores, 
and  receive  the  smoothest  polish  : this  difficulty  be  deemed 
almost  insurmountable,  when  he  considered  that  every  ir- 
r^ularity  in  a reflecting  surface  would  make  the  rays  of 
light  deviate  5 or  6 tiroes  more  out  of  their  due  course, 
than  the  like  irrc^iarities  io  a refracting  surface.  After 


repeated  trials,  he  at  last  found  a composition  that  answered 
in  some  degree,  leaving  it  to  those  who  should  come  alter 
him  to  And  a better.  These  difficulties  have  accordingly 
been  since  obviated  by  other  artists,  (particularly  by  Dr. 
Mudge,  the  rev.  Mr.  Edwards,  and  Dr.  Herschel,  Ac. 
Newton  having  succeeded  so  far,  he  ci>imnunicated  to  tbe 
Royal  Society  a full  and  satisfactory  account  ol  the  con- 
struction and  perfornmnee  of  liiv  telescope.  The  Society, 
by  their  secretary  Mr.  Oldenburg,  transmitted  an  ac- 
count of  the  discovery  to  .Mr.  Huygens,  celebrated  as  a 
distinguished  improver  of  the  refractor ; who  not  only  re- 
plied to  the  Society  in  terms  expressing  his  high  approba- 
tion of  the  invention,  but  drew  up  a favourable  account 
of  the  new  telescope,  which  he  caused  to  be  published  in 
tbe  Joutnal  des  St;avans  of  the  year  16'72,  and  by  this 
mode  of  communication  it  was  soon  known  over  £uro|3e. 
Sec  Huygenii  Opera  V'aria,  tom.  4. 

Notwithstanding  the  excellence  and  utility  of  this  con- 
trivance, and  the  honourable  inauner  in  which  it  was  an- 
nounced to  the  world,  it  seems  to  have  bi'en  greatly 
neglected  lor  nearly  half  a century.  Indeed  when  Newton 
had  published  an  account  of  his  telescope’s  in  (he  Philos. 
Trans.  M.  Cassegrain,  a Fixiicbroan,  in  the  Jourrml  des 
S^avans  of  16’72,  claimed  the  honour  of  a similar  inven- 
tion, and  said,  that,  before  he  heard  of  Newton**  improve- 
ment, he  had  hit  U(>on  a better  construction,  by  using  a 
small  convex  mirror  instead  of  the  reflecting  prism.  I'hit 
telescope',  which  wus  the  Gregorian  one  disguised,  the 
large  mirror  being  perforated,  ami  which  it  is  said  was 
never  executed  by  tlic  autJinr,  is  much  shorter  than  the 
Newtonian;  and  the  convex  mirror,  by  dispersii^  tbe 
rays,  serves  greatly  to  increase  the  image  made  by  (be 
large  concave  mirror. 

Newton  made  many  objections  to  Cassegrain’s  construc- 
tion, but  several  of  them  equally  effect  that  of  Gregory, 
which  has  bien  found  to  answer  remarkably  well  in  the 
haruls  of  good  artists. 

Dr.  Smith  took  the  pains  to  make  many  calculations 
of  the  niagiiifyiiig  power,  both  of  Newton’s  and  Cassegrain’s 
iclvscupes,  in  oeder  to  ihur  further  improvement,  4hicli 
may  be  seen  in  his  Optics,  Rem.  p.  97. 

.Mr.  Short,  it  is  also  said,  made  several  telescopes  00 
the  plan  of  Cassegrain. 

Dr.  Hooke  constructed  a reflecting  telcscopi' (mentioned 
by  Dr.  Birch  in  his  Hist,  of  the  ^yal  Soc.  v:ol.  3,  pa. 
122)  in  which  the  great  mirror  was  perforated,  so  that 
the  s|)ectalor  looked  directly  towards  the  object,  and  it 
wav  produced  before  the  Rcyal  Society  in  l67-f.  On  this 
occasion  it  was  »aid  that  this  construction  was  tirst  pro- 
jiosed  by  Mersenne,  and  afterwards  re|>ca.tcd  by  Gregory, 
but  that  it  had  never  been  actually  executed  beforest  wua 
done  by  Hooke.  A docriptioii  of  this  instrument  may  be 
seen  in  Hooke's  Experiments,  b)  Dt-rham,  pa.  26*9- 

Thcbociety  also  made  an  unsucci  ssful  attempt,  by  em- 
piovtng  an  artiticer  (n  imitate  the  Newtonian  construc- 
tion; however,  alxiut  half  a century  alter  the  invention 
of  Newton,  a reflecting  telescope  was  pn»duccd  to  tbe 
woild.  of  the  Newt  mion  construction,  w hich  the  vvrK-rablo 
author,  ere  yet  he  had  finished  his  very  distinguished 
course,  had  the  saiivlactioii  to  find  executed  in  such  a 
manner,  as  left  no  room  to  tear  that  the  invention  would 
longer  continue  m obscurity.  This  effectual  service  to 
science  was  occnniplislx  d by  Mr.  John  Hadley,  who*  in 
tbe  year  )723*picsented  to  the  Royal  Society  a telescope, 
which  be  had  constructed  on  Newton's  plan.  The  two 
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* tel(Hcop«s  which  Newton  had  mad%  were  iut  6 ii)chet 
long,  Wfie  held  in  the  ham!  for  viewing  ohjtct^  and  in 
power  were  compared  lo  a6*tt'eVvefnirU)t : but  the  radiuv 
of  the  »}>hcre,  to  wbwb  the  priocipai  ftpccolum  ol  Had* 
Icyv  WM  ground,  was  lQlei:t5|  inchirs,  and-€ou»equenlly 
iu  local  length  was  ifschet.  In  the  Phih»s.  1 rans. 
Abr.  vol.  6,  pa.  64^,  0<>4,  may  be  seen  a drawing  and  de* 
scription  of  this  lelcMrope,  and  also  of  a very  ingenious 
but  complex  apparatus,  by  which  it  was  managed.  -One 
of  these  telescopes,  in  which  the  focal  length  of  the  large 
mirror  was  not  <)Uilo  51  feet,  was  compared  with  the  ce- 
leb fated  Huygciiiao  tcK'9Co|>e,  w hich  had  the  focal  length 
of  Its  object-glass  123  feel;  and  it  was  foiiml  that  the 
former  would  Iwar  such  a iharge,  as  to  make  ii  magnify 
the  object  as  many  tiroes  as  liie  latter  with  its  due  chaige ; 
and  that  it  n prescnicd  objects  as  distinctly,  though  not 
altogether  so  clear  and  bright.  With  this  refl<-ctiog  U*le* 
•cope  might  be  seen  whatever  had  been  hitherto  disco* 
vered  by  ibat  of  Huxgent*  particularly  the  transits  of 
Jupiter's  satellites,  and  their  shades  over  the  disk  of  Ju* 
piter,  (he  black  list  in  Saturn's  ring,  and  the  edge  of  the 
shade  of  Saturn  cast  upon  his  ring.  Vivo  satcUites  of  Sa- 
turn were  also  observed  with  this  telescope,  and  it  af- 
forded other  observations  on  Jupiter  and  Saturn,  which 
confirmi'd  the  good  opinion  which  had  been  conceived  of 
it  by  Pound  and  Bradley. 

Mr.  Hadley,  after  ftnUhing  two  telescopes  of  the  New- 
tonian construction,  applied  bimMlf  to  make  them  in  the 
Gregorian  forni,  in  which  the  large  mirror  is  perforated, 
scheme  he  completed  in  the  year  1 72b. 

Dr.  Smith  piefors  the  Nc\vu>miiii  constiuction  to  that 
of  Gregory  ; but  if  long  experience  be  admitwd  as  a linai 
judge  in  such  matters,  the  superiority  must  bi‘  adjudged 
to  the  latter;  as  it  is  now,  and  has  ^en  for  many  years 
past,  the  only  instrument  in  request. 

Mr,  Hadley  spared  no  pains,  after  having  completed 
his  construction,  to  instruct  Mr.  Molyneux  and  Dr. 
Bradley;  and  when  these  gentlemen  bad  made  a good 
proficiency  in  the  art,  being  desirous  that  these  telescopes 
should  become  more  public,  they  liberally  communicated 
to  some  of  the  chief  instrument-roaken  of  London,  the 
knowledge  they  had  acquired  from  him  : and  thus,  as  it 
is  re.tsonable  to  imagine,  refiKtort  wrere  comptet^  by 
other  and  better  methods  than  even  ihosein  which  they  bad 
been  instructed.  Mr.  James  Short  in  particularsignaliied 
himself  as  early  as  the  year  1/34,  by  performances  of  this 
kind.  He  at  first  made  his  specula  of  glass  ; but  finding 
that  the  light  reflected  from  the  best  glass  specula  was 
much  lets  than  the  light  reflected  from  metallic  ones, 
and  that  glass  was  very  liable  to  change  its  form  by  its 
own  weight,  he  applied  himself  to  improve  metallic  !pc>, 
cula;  a^,  by  giving  particular  attention  to  their  curva- 
ture, he  was  nbfo  to  give  them  greater  apertures  than 
other  workmen  could  do;  and  by  a more  accurate  ad- 
justment of  the  specula,  fire,  he  greatly  improved  the 
whole  insinsment.  By  tome  which  he  made,  in  which 
the  larger  mirror  was  15  inches  focal  distance,  he  and 
some  other  persons  were  able  to  read  in  the  Philos.  Trans, 
at  the  distance  of  500  feet ; and  they  several  limes  saw 
the  five  satellites  of  Saturn  together,  which  greatly  sur- 
prised Mr.  Maclaurin,  who  gave  ihU  account  of  it,  till 
he  found  (hat  Cassini  had  sometimes  seen  them  all  with 
a 17  feet  retractor.  Short’s  telescopes  were  all  of  the  Gre- 
gorian construction.  It  is  suppos^  that  be  discovered  a 
matbod  of  giving  the  parabolic  figure  to  bis  great  specu- 
VoL,  II. 


lum;  a degree  of  |H  rfoction  which  Gregory  and  New^pn 
despaired  of  atiaiiimg,  uimI  which  Hadley  it  seems  had 
never  attempted  mciiticruf  histelesCupcs.  However,  the 
secret  of  working  that  configuration,  whatever  it  was,  it 
seems  died  with  that  ingenious  attist;  though  lately  in 
some  degree  discovered  by  Dr.  Mudge  and  otbars. 

On  the  history  of  reflecting  teU'scopei,  sc-e  Ur.  David 
Gregory's  Klem.  of  Catopl.  and  Dioptr.  Appendix  by  De- 
saguliers : Smith’s  Optics.  bo<  k S,  c.  2,  Bern,  on  art.  489: 
and  Sir  John  Pringle's  excellent  Discourse  on  the  inven- 
tion dec  of  the  Reflecting  Telescope. 

Gmsirucium  qf  the  Hcjiectw^  T<ia«ap<  q/*  the  AVw/onfoa 
/or«.— Let  aaCD  (fig.  1,  pi.  38)  be  a large  lube,  «*pcn  at 
AD,  and  doted  at  bc,  ami  its  length  at  least  equal  to  the 
distance  ol  the  focus  from  the  metallic  spherical  concave 
spi'cuium  Gii  placed  at  the  end  bc.  The  raysEO,  rii,  dec, 
proceiMiing  from  a remote  object  pb.  ioteiv.'Ct  oiw’  another 
somewheic  before  they  enter  the  tube,  so  that  xu  and  ^ 
are  those  that  come  trom  the  lower  part  of  the  ob- 
ject, and /Aril  from  its  upper  part:  these  rays,  after  fall- 
ing on  the  speculum  gii,  will  bc  reflected  so  as  lo  con- 
verge and  meet  in  mn,  where  they  will  lorm  a perfect 
image  of  the  objt-ct.  But  as  this  image  cannot  be  seen 
by  (be  spectator,  they  are  intcrci-plcd  by  a small  plane 
metallic  spoculum  bk,  intersecting  the  axis  at  an  angle  of 
45^,  by  which  the  rays  tending  to  mn,  will  be  reflected 
towards  a hole  ll  in  the  side  of  the  tube,  and  the  ima^ 
of  the  object  will  be  thus  formed  in  9s ; which  image  will 
be  less  ditiioct,  because  some  of  the  rays  which  would 
otherwise  fail  on  (be  concave  speculum  cii,  are  inter- 
cepted by  the  plane  speculum  : it  will  nevertheless  appear 
pretty  distinct,  because  the  aperture  ao  of  the  tube,  and 
the  speculum  oh,  are  large.  In  the  lateral  hole  ll  is 
fixed  a convex  lens,  whose  focus  is  at  S9;  and  thorefors 
this  lens  will  refract  the  rays  that  proceed  from  any  point 
of  the  image,  so  as  at  their  emergence  they  will  appear 
parallel,  and  those  that  proceed  from  the  extreme  points 
sf,  will  converge  after  refraction,  and  form  an  angle  at 
o,  where  the  eye  is  placed  ; which  will  sec  (be  image  so, 
os  if  it  were  an  object,  through  the  lens  ll  : conseqoenMy 
the  object  will  appear  enlarged,  inverted,  bright,  and  di- 
stinct. In  LL  may  be  placed  lenses  of  diflerent  convexi- 
ties, which,  by  being  moved  nearer  to  the  image  and  far- 
ther from  it,  will  represent  the  object  more  or  less  magni- 
fied, if  the  surface  of  the  speculum  oil  be  of  a figure  truly  . 
spherical.  If,  instead  of  one  lens  ll,  three  lenses  be  dis- 
posed in  the  same  manner  with  the  three  eye^glavves  of 
the  refracting  telescope,  the  object  will  appear  erect,  but 
Im  distinct  than  when  it  is  utmcivrd  with  one  lens.  <hi 
account  of  the  position  of  the  eye  in  this  telescope,,  it  ia 
extremely  difficult  to  direct  the  instrument  towards  any 
object : Huygens  therefore  first  thought  of  adding  lo  it  a 
small  refracting  telescope,  having  its  axis  parallel  to  that 
of  the  reflector:  this  is  called  a finder  or  oircctor,  'The 
Newtonian  telescope  is  also  furnished  wiHi  a suitable  ap- 
paratus fur  the  commodious  use  of  iL 
To  determine  the  roagmiying  power  of  this  telescope,  it 
is  to  bo  Considered  that  the  plane  speculum  EX  is  of  ao 
Use  in  this  respect;  let  us  then  sup^^  that  one  ray  pro- 
ceeding from  the  object  coincides  with  the  axis  OLlA  of 


3S 


TEL 


TEL 


[ <98  3 


ihe  lens  and  ipeculum  : let  bb  be  another  ray  proceeding 
from  the  low  erextremity  of  the  object,  uiul  passing  through 
the  focus  1 of  live  spi'culum  Kll;  this  will  be  reflected  in 
the  direction  Ir/d,  parallel  to  (be  axis  gla,  and  falling  on 
the  lensdLd,  will  be  refracted  to  o,  so  that  OL  will  be 
equal  to  Lf,  and  do  s di.  To  the  naked  eye  the  object 
would  appear  under  the  angle  ibi  s 6ia;  but  by  means 
of  the  leU'»cu|>e  itappears  under  the  angle  dcL  = diL  =: 
idi;  nnd  the  angle  id»  is  to  the  angle  i6i  ua  bl  to  id; 
contequmtly  the  apparent  magnitude  by  the  telescope,  is 
to  that  with  the  n^ed  eye,  as  the  distance  of  the  focus 
of  the  speculum  from  the  speculum,  to  the  distance  of  the 
focus  of  the  lens  from  the  lens. 

Conttructim  th<  Greg<7rifln  Hfjkvting  Tr/«co;)f.— Lot 
TtTT  ph  38)  be  a brass  tube,  in  which  L/dn  is  a 

metallic  concave  speculum,  perforated  in  the  middle  at  x ; 
gnd  sr  a less  concave  mirror,  so  fixed  by  the  arm  or 
strong  wire  kt,  which  is  moviable  by  means  of  a Jong 
screw  on  the  outside  of  the  tube,  as  to  be  moved  rvearer 
to,  or  farther  from  tiic  larger  sjteculum  L/dn  ; its  axis 
being  kept  in  the  same  line  with  that  of  the  great  one. 
Let  A a represent  a very  remote  object,  from  each  part  of 
which  issue  pencils  of  rays,  as  cd,  cD,  from  a the  upper 
extremity  of  the  object,  and  it,  (V,  from  the  lower  part  a ; 
the  rays  it,  CD,  from  the  extremities,  crossing  each  other 
before  they  enter  the  lube..  These  rays,  falling  upon  the 
larger  mirror  ld,  arc  ndlectcd  from  it  into  the  focus  kh, 
where  they  form  an  inverted  image  of  the  object  am,  as  in 
the  Newtonian  telescope*  From  (his  image  the  rays,  is- 
suing as  from  an  object,  fall  upon  the  small  mirror  ef,  the 
centre  of  which  ts  at  e,  so  that  after  reflection  they 
would  meet  in  their  foci  at  qq,  and  there  form  an  erect 
image.  But  since  an  eye  at  that  place  could  see  but  a 
•mall  part  of  an  object,  in  order  to  bring  rays  from  more 
distant  parts  of  it  into  the  pupil,  (hey  are  intercepted  by 
the  plano-convex  lens  mh,  by  which  means  a smaller 
erect  image  is  formed  at  ft,  which  is  viewed  through  the 
meniscus  ss,  by  an  eye  at  o.  This  meniscus  both  makes 
the  rays  of  each  pencil  parallel,  and  magnifles  (be  image 
pr.  At  the  place  of  this  image  all'  the  foreign  rays  are 
intercepted  by  the  perforated  partition  zz.  For  the  same 
reason  the  hole  near  the  eye  o is  very  narrow.  When 
nearer  objects  are  viewed  by  this  telescope,  the  small  spe- 
culum £P  is  removed  to  a greater  distance  from  the 
larger  ld,  so  that  the  second  image  may  be  always  for* 
med  in  rv  : and  this  distance  is  to  be  adjusted  (by  means 
of  the  screw  on  the  outside  of  the  great  tube)  according 
to  (he  form  of  (he  eye  of  the  spectator.  It  is  also  neces- 
sary that  the  axis  of  the  telescope  should  pass  through 
the  middle  of  the  speculum  F.r,  and  ite  centre,  the  centre 
of  the  speculum  ll,  and  the  middle  of  the  hole  x,  the 
centres  of  the  lenses  mk,  ss,  and  the  hole  near  o.  As  the 
hole  X in  the  speculum  ll  can  reflect  none  of  the  rays  is- 
suing from  the  object,  that  part  of  the  image  which  cor- 
responds to  the  middle  of  the  object,  must  appear  to  the 
obwrver  more  dark  and  confused  than  the  extreme  parts 
of  iU  Besides,  the  speculum  et  will  also  intercept  many 
rays  proceeding  fmm  the  object;  and  therefore,  unless 
the  aperture  tt  be  la^,  (he  object  must  appear  in  some 
d^ree  obscure. 

The  magnifying  power  of  this  telescope  is  estimated  in 
the  following  manner.  Let  ld  be  the  larger  mirror  (flg. 
4#  pi.  3$),  having  its  focus  at  o,  and  aperture  in  a ; and 
r»  the  small  mirror  with  the  focus  of  parallel  rays  in  i, 
and  the  axis  of  boUt  ib«  speculi^  and  Icaaes  MNi  88,  be  in 


the  tight  line  OlOAOK.  Let  be  a lay  of  light  coming 
from  the  lower  extremity  of  a very  distant  visible  object, 

rising  through  the  focus  o,  and  falling  upon  the  ptMiit 
of  the  speculum  ld  ; which,  after  being  reOveted  trom 
6 to  F in  a direction  parallel  to  the  axis  of  the  mirror 
DAK,  is  reflected  by  the  speculum  i so  a»  to  puss  through 
the  focus  1 ia  the  direction  pin  to  n,  at  the  cxtiemiiy 
of  the  ien  nn,  by  which  it  would  have  been  refracted 
to  K ; but  by  the  interposition  of  another  lens  ss  is 
brought  to  o,  so  that  the  eye  in  o sees  half  the  obji'ct 
under  the  angle  Tos.  The  angle  o&r,  or  ac6,  under 
which  the  nbjecLis  viewed  by  the  naked  eye,  i»  to  sot 
under  which  it  ts  viewed  by  the  telt'scope,  in  the  ratio  of 
G^p  to  iPi  = aiK,  of  niN  to  NKn,  and  of  MK*t  to  aor. 
But  r.^p  iri  : : Di  : ca, 

and  eiv  rkn  : : nx  ai, 

and  nun  sot  ; : to  : tk; 

tberef.  obr  : sot  : : oi  x na  x to  : ga  x ni  x tk* 
Muischenbroek's  Introd.  vol.2.  p.  8I9. 

In  reflocting  tclcscoptrs  of  diflerenl  lengths,  a given  ob- 
ject will  appear  equally  bright  and  equally  distinct,  wbia 
their  linear  apertures,  and  also  their  linear  breadths,  are 
as  the  4th  roots  of  the  cubes  of  their  lengths;  and  cui^ 
sequently  when  the  focal  distances  of  tiieir  eye-glasses  are 
also  as  the  4(h  roots  of  their  lengths.  See  the  d<-monslne 
tion  of  this  proposition  m Smith’s  Optics,  art.  361. 

Hence  he  has  deduced  a rule,  by  which  be  has  com- 
puted the  following  table  for  telescopes  of  diflerenl  lengths^ 
taking,  for  a standard,  the  middle  eye-glass  and,apertura 
of  Hadley’s  Reflecting  telescope,  described  in  Philos. 
Trans.  No.  376  and  378  i the  focal  distances  and  linear 
apertures  being  given  in  1000th  parts  of  an  inch. 

Tabte /or  Telescopes  qf  dtg^ent  Lengths. 


Leiisth  of  (be 
TcI<r»cope, 
or  For»l  Duianve 
of  (>>eC«iK«vr. 

Foval  Diiuoce 
of  the 
Epr>GlM». 

Linear 

traptirving  or 
Power. 

linatr  Apenura 
oTOw 

Gntesre  Metil. 

Feet. 

liK-hea. 

Inches. 

i 

0167 

is 

0-864 

1 

0*199 

60 

-1*440 

2 

0*031) 

102 

2*448 

3 

0-261 

138  * 

3-312 

4 

0*281 

171 

4-104 

5 

02<)7 

202 

• 4-843 

6 

0*31 1 

232 

5-568 

7 

0323 

260 

9-240 

8 

0-334 

287 

6-888 

9 

0*344 

314 

7-536 

10 

0353 

340 

8-160 

11 

0-362 

365 

8-760  • 

12 

0*367 

390 

9-360 

13 

0-377 

414. 

9-936 

14 

0*384 

437 

10*488 

15 

0-391 

460 

11*040 

16 

0-397 

483 

11*592 

17 

0*403 

506 

12*143 

.Mr.  Hadley's  telescope,  above-mentioned,  magnifled 
*228  or  230  times  ; but  we  are  informed  that  un  objtxt- 
metal  of  feet  focal  distance  was  wroughtby  Mr.  liaukv 
bee  to  so  great  a perfection,  as  to  magnify  2^  iimta,  and 
therefore  it  was  scarcely  inferior  to  Hadley’s  of  5|  leet. 
If  Hauktbcc’s  telescope  be  taken  for  a new  standard,  it 
follows  that  a speculum  of  one  foot  focal  distance  ought 
lo  magnify  93  liiiet,  wbenas  the  above  table  allows  U 
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but  6o.  Now  = J*55,  and  tlie  giTen  column  of 
magnifying  power»  multiplied  by  this  number.  givcK  a 
new  column,  showing  how  much  the  object-roetaU  ought 
to  magnify  if  wrought  up  to  the  perfectum  of  Hauksbce's. 
And  thuH  a now  table  may  be  easily  made  for  this  or  any 
other  more  perfect  standard,  taking  also  the  new  eye- 
glasaea  and  apertures  in  the  same  ratio  to  one  another  as 
the  old  ones  Imve  in  this  table.  Smith’s  Optics,  Rem. 
pa.  79. 

The  magnifying  power  of  any  telescope  may  be  easily 
found  by  experiment,  tis,  by  lool^ing  with  one  rye  through 
the  telescope  upon  an  object  of  known  dimensions,  and  at 
a given  distance,  and  throwing  the  image  upon  another  ob^ 
ject  seen  with  the  naked  eye.  Dr.  Smith  has  given  a par> 
(kolar  account  of  the  process.  Rem.  pa.  79. 

But  the  easiest  method  of  all,  is  to  measure  the  diame- 
ter of  the  aperture  of  the  ob}ect.^las8,  and  that  of  the 
little  image  of  it,  which  is  formed  at  the  place  of  the  eye. 
For  the  proportion  between  these  gives  the  ratio  of  the 
magnifying  power,  provided  no  part  of  the  original  pencil 
be  intercepted  by  the  bad  construction  of  the  telescope. 
For  in  all  cases  the  magnifying  power  of  telescopes,  or 
inieroacopes,  is  measun  d by  the  proportion  of  Uie  diam^ 
ter  of  the  original  pencil,  to  that  of  the  pencil  which  en- 
ters the  eyo.  Priestley’s  Mist,  of  Light,  pa.  747. 

The  moet  considerable,  and  indeed  truly  astonishing 
magnifying  powers,  that  have  ever  been  ui^,  are  those 
of  Herschel's  redketing  telescopes.  Some  account  of 
these,  and  of  the  discoveries  made  by  them,  has  bfen  al- 
ready intrnducrd  under  the  erticleSiar;  for  hts  method 
of  ascertaining  them,  see  Philos.  Trans,  vol.  7$,  pa.  173 
d(C.  See  also  several  of  the  other  late  volume’s  of  the 
Philos.  Tmns.  Likewise  vol.  17,  pa.  5P3,  of  my  Abridg. 
of  the  Philos.  Trans,  for  a description  of  Hi  rschel’s  40-foot 
reflecting  telescope,  with  an  engraved  representation  of  ail 
its  machinery  ; sec  also  plate  xv  of  this  Dictionary. 

Dr.  Herschel  observe*,  that  though  opticians  have 
proved,  that  two  eye-glasses  will  give  a mors  correct  image 
than  one,  he  has  always  (from  experience)  persisted  In  re- 
losing  the  asatstance  of  a second  glass,  which  is  sure  to 
introduce  errors  greater  than  those  he  would  correct. 
'**  Let  us  ri'sign,’'  says  he,  “ the  double  eye-glasa  to  those 
who  view  objects  merely  hr  entertainment,  and  who  must 
have  an  exorbitant  field  of  view.  To  a philosopher,  this 
is  an  unpardonable  indulgence.  I have  triad  both  the 
single  and  double  eye-glass  of  equal  powers,  and  always 
found  that  the  single  eye-gluss  had  much  the  saperiority 
in  point  of  light  and  distinctness.  With  the  double  eye- 
glau  I could  not  see  the  bolts  in  Saturn,  which  I very 
plainly  saw  with  the  single  one.  1 would  bowe>er  except 
all  those  cases  where  a large  held  is  absolutely  necessary, 
and  where  power  joined  to  distinctness  is  not  the  sole  ob- 
ject of  our  view.”  Philos.  Trans,  vol.  72,  pa.  95. 

Meridian  TcLEScors,  is  one  that  is  fixed  at  right  an- 
gles to  an  axis,  and  turned  about  it  in  the  plane  of  the 
meridian  ; and  is  otherwise  called  a Transit  Instrument — 
The  common  use  of  this  ia  to  correct  the  motion  of  a 
clock  or  watch,  by  daily  obst'rving  the  exact  lime  when 
the  sun  or  a star  comes  to  tic  meridian.  It  serves  also 
for  a variety  of  other  uses.  The  imnsversc  axis  is  placed 
horitontal  by  a spirit  level.  For  ihi-  farther  description 
and  method  of  fixing  this  instrument  by  means  of  its 
levels  dec,  see  Smith's  Optics,  pa.  321.  Sc«  alsoTaAttsiT 
Jwtntmeni, 

TELE8COP1CAL  Stars,  are  such  as  are  not  visible  to 


the  naked  eye,  being  only  discernible  by  means  oft  tele- 
scope.—All  stars  less  than  those  of  the  6th  magnitude,  are 
telescopic  to  an  ordinary  eye. 

TEMPERAMENT,  in  Music,  is  defined  by  Rouisean 
to  be  an  operation  which,  by  means  of  a slight  alteration 
in  the  intervals,  causes  the  difference  between  two  con- 
tiguous sounds  to  disappear,  makes  each  of  these  sounds 
seem  identical  with  the  other,  which,  without  uffvnding  the 
'car,  may  still  preserve  their  ropectivc  intervals  or  di- 
stances one  from  the  other.  By  this  operation  the  scale 
is  rendered  more  simple,  and  the  number  of  sounds  which 
would  otherwise  be  necessary  retrenched.  Had  not  the 
scale  been  thus  modified,  instead  of  12  sounds  alone  which 
arc  contained  in  the  octave,  more  than  6o  would  be  indi- 
spensably rcquire<]  to  form  what  is  properly  called  Modu> 
lation  in  every  tone. 

It  is  proved  by  computation,  that  on  the  organ,  the 
harpsichord,  and  every  other  instrument  with  kep,  there 
is  not,  nnd  there  scarcely  can  be,  any  chords  properly 
in  tunc,  save  the  octave  alone.  The  cause  is  this,  that 
though  3 thirds  major,  or  4 thirds  minor,  ought  to  form 
a just  octave,  those ^ure  found  to  surpass,  and  these  not  td 
reach  it. 

TEMPERATURE,  the  degree  or  quantity  of  heat  in 
any  substance  or  place;  as,  in  the  atmosphere,  in  a cli- 
mate, in  the  earth,  in  the  ocean,  dec.  In  Ail  these  cases, 
the  heat  Is  greater  in  the  lower  latitudes,  than  In  the 
higher:  being  greatest  nt  the  equator,  and  gradually  less 
nil  the  way  to  each  pole,  where  it  is  least 

TaaiPCftATURS  qf  the  ^tmasphere^  is  greatest  at  the 
bottom,  next  the  earth’s  surface,  where  it  is  warmed  by 
the  contact  of  the  earth,  and  by  the  reflection  bf  the  mt/t 
heat  from  it.  From  hence,  gradually  in  ascending  up  in 
the  atmosphere,  the  beat  is  always  the  less,  till,  in  the  up- 
per regious  there  is  perpetual  cold  or  frost,  and  that  more 
or  less,  at  equal  elevations.  In  all  latitudes.  In  so  much 
that,  at  a certain  elevation  above  the  sea,  peculiar  to  each 
latitude,  the  mountains  exhibit  perpetual  frost  or  snow,  if 
not  higher  than  where  vapours  ascer»d  in  the  atmosphere ; 
which  appearance  of  ice  or  snow  terminates,  however 
cold,  at  the  higheat  point  of  the  ascent  of  vapours.  This 
latter  point  may  be  termed  the  upper  altitude  termination, 
as  the  former  is  the  lower.  And  the  heights  of  these  two 
terms,  for  the  different  latitudes,  have  b^n  observed  as 
they  are  here  exhibited  in  tbc  following  table;  the  lati* 
tude  for  every  3°  being  placed  in  (he  nrst  column,  and 
the  altitude,  in  feet,  of  Uw  lower  and  upper  terms,  in  the 
2d  and  3d  columns. 


u<i. 

Ah.  loacf 
Tcnnin. 

Ah.  upptr 
Tmiin. 

Uii- 

tudr. 

All.  lover 
Tenbin. 

Alt.  ttppvr 
Ternio. 

0* 

1557J 

23000 

44“ 

7648 

13730 

5 

I54i7 

S7784 

50 

6260 

11253 

10 

14067 

27034 

55 

4912 

8430 

15 

14498 

26061 

60 

3684 

6446 

20 

13719 

24661 

64 

2416 

4676 

25 

13020 

23423 

70 

1557 

8803 

30 

Il»9* 

20833 

74 

748 

1,346 

35 

40 

10664 

9016 

19169 

16207 

80 

liO 

207 

Gy  Riding  each  ttumber  in  the  2d  coinmn,  by  its  cor- 
retpertK^  number  in  *bc  Sd,  the  quotients  generally 
come  <mi  *536,  or  nearly  excepting  some  very  few 
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ircvgular  numbers,  which  must  hare  been  errors  in  the 
obtervaliont.  1 also  that  the  numbers  in  both  these 
columns  are  very  nearly  proportional  to  the  squares  of 
the  cosines  of  the  latitudes,  excepting  a few  of  the  num- 
bers brloogiog  to  the  very  high  latitudes;  and  indeed  that 
those  in  the  3d  columa  ought  to  be  expressed  by  this 
formula  28000e^,  where  c denotes  the  cosine  of  the  lati- 
tude, to  radius  !•  Hence  ^ of  28000c*,  or 
will  give  the  proper  numbers  for  the  2d  column.  And 
hence  the  irr^ular  numbers,  in  both  the  columns,  may 
be  corrected. 

TEMFLaaTUEE  the  Climate^  is  that  of  the  airwhich 
we  bnatbe,  at  the  earth’s  surface,  or  the  bottom  of  the 
atmosphere.  This  temperature  is  higher  as  the  place  is 
Dearer  the  equator,  and  as  the  time  ur  the  season  is 
nearer  the  warmest  part  of  the  year,  near  the  summer 


aquinox. 

At  London,  by  a mean  of  the  ubscrvalions,  for  each 
month,  made  at  the  Royal  Society,  from  the  year  1772 
to  1780,  it  appears  that  the  mean  annual  temperature 
tbeic,  is  51^*9,  or  in  whole  numbeis  32^;  and  the 
monthly  temperature  is  as  follows  : 


January 
February 
March  - 
April 
May  - - 
June  • 


S5’*9 
42  -3 
46*4 

^9  9 
56  -6 
63  *2 


July.*  . - - 
August  ... 
September  • * 
October  - - 
November  - • 
December  - - 


6‘5’-3 
65  *8 
59  ’6 
52  -8 

44  *4 

41  *0 


The  greatest  usual  cold  is  20^,  and  happens  in  January ; 
the  greatest  usual  heat  is  81^,  and  happens  geoerally  in 
July. 

At  Petersburg,  lat  59^  50',  the  mean  annual  tempera- 
ture is  38^*8.  The  greatest  cold  observed  was  that  at 
which  mercury  freeses,  that  is,  ~ 39°t  ur  39  below  0 ; 
but  the  greatest  mean  degree  of  cold  for  several  years  was 
— 85^ ; and  the  greatest  summer  beat,  on  a rocaa,  is  79^, 
though  once  it  amounted  u>  94^. 

With  respect  to  different  latitudes,  from  theory  it  would 
seem  that  the  beat  must  vary  with  some  function  of  the 
square  of  the  sirw  or  of  the  cosine  of  the  latitude.  Ac- 
cordingly, the  rule  given  by  Tobias  Mayer  of  Gottingen, 
for  the  mean  annual  temperature,  is  84  — 53s*,  where  « is 
the  sine  of  the  latitude;  or  which  may  be  otherwise  ex* 

f tressed  by  31-4-5Sc%  where  c denotes  the  cosine  of  the 
atitude,  to  the  radius  1.  And  by  this  rule  it  computed 
the  following  table. 


Ui. 

Temp. 

Ui. 

Temp. 

' Lu. 

Temp. 

0” 

8V0 

3S° 

66-6 

70° 

37*2 

5 

83-6 

40 

620 

75 

3>5 

10 

82-3 

45 

S7t 

80 

32  6 

15 

804 

50 

52-9 

85 

31*4 

90 

778 

55 

48*4 

90 

31*0 

25 

7*S 

60 

44*3 

30 

70-7 

65 

40*4 

TcMFsaATuax  qf  the  Earthy  is  various  at  different 
depths  below  the  surface,  to  a certain  depth  or  limit, 
where  it  is  stationary,  being  at  about  80  or  90  deep. 
It  is  found  by  observation,  that  the  same  deitree  of  heat 
occurs  in  all  subterraneous  places  at  the  same  depth, 
v^ing  a little  at  differi'nt  depths,  but  is  never  less  thsn 
56r  of  Fahrenheit’s  thermometer.  At  80  or  90  ^t,  and 
sometimes  much  less,  the  tempenture  Taries  very  iiule, 


and  generally  approaches  to  tbe  mean  annual  beat.  Thut, 
the  tcm|>eraturo  of  springs  is  mwrly  the  same  as  the  mean 
annual  beat,  and  varies  very  little  in  different  seasons.  The 
temperature  of  the  cave  at  the  observatory  Pans,  of 
about  90  feet  deep,  is  about  53|  degrees:  visrying  only 
about  half  a d^ree  in  very  cold  ycara.  Tbe  ioiernal 
heat  of  tbe  earth  in  our  climate  is  always  above  40*’, 
and  therefore  the  snow  genctaily  begins  (o  melt  ffmt  at 
the  bottom.  Mr.  Boyle  kept  a thermometer  for  a year, 
in  a cave  80  fret  deep,  and  found  the  hquid  remain  sta- 
tionary all  the  lime.  Dr.  Withering  made  a similar  ex* 
perimeni  on  a well  84  f^t  deep,  at  Edgbastun,  mar  Uir. 
raingharo,  the  temperature  of  which  was  found  u>  be  49** 
in  every  month  of  the  year  1798.  A remarkable  circum- 
stance  however  is  observable  in  experiments  made  on  pits 
or  wells  of  a moderate  depth.  Mr  Gough  kepi  a monthly 
account  of  the  temperature  of  a well,  for  tbe  years  1795 
and  1798*  uf  only  ^ feet  deep,  and  be  found  the  annual 
variation  was  under  4^.  And  it  is  remarkable  that  tbe 
temperature  of  the  earth,  at  the  depth  of  20  feet  froai  tbe 
surface,  is  at  the  highest  in  October,  when  a thermometer 
in  the  atmosphere  makes  the  monthly  mean  coincide  with 
that  of  tbe  year:  on  tbe  contrary,  the  subterranean  lero- 
peratuie  does  not  arrive  at  a minimum  before  the  end  of 
March,  2 or  3 months  later  than  the  coldest  weather 
above  ground. 

Temferatoee  iff  the  &a,  like  that  of  the  land, is  also 
diHercnt  at  different  depths,  but  atgreat  depths  is  tuund  to 
be  nearly  constant.  In  winter,  when  tbe  surface  of  water 
is  much  cooled  by  contact  with  the  colder  air,  the  deeper 
and  warioer  water  at  the  bottom,  being  specifically  lighter, 
rises  and  tempers  the  top;  and  as  the  colder  water  coo- 
stantly  descends  during  the  winter,  in  the  foilowii^t  sum- 
mer the  surface  is  generally  warmer  than  at  any  depths  ; 
whereas  in  winter  it  is  colder.  As  the  water  in  the  high 
latitudes  is,  by  cold,  rendered  heavier  than  that  m lower 
warm  latitudes  ; hence  occurs  a continual  current  from 
tbe  poles  to  tbe  (*qualur,  which  sometimes  carries  down 
large  masses  of  ice,  which  cool  the  air  to  a great  extent. 
Tbe  temperatures  of  land  and  water  differ  more  in  winter 
than  in  summer. 

The  following  table  exhibits  the  results  of  several  ob- 
servations on  the  temperature  of  the  air,  and  of  tbe  sea  at 
different  depths,  in  several  latitudes,  and  at  different  sea- 
sons of  tbe  year. 


L«utaile, 

Tune. 

flrftt  of  the 
Air. 

DffKh  ol 
the  Set. 

H<wt  ot  ibe 

FIcat  of  the 

Serfcre. 

Fmi. 

57" 

o'!! 

Jan. 

8 

♦6-0 

6 

40 

37 

- 

- 

10 

43-6 

50 

43-6 

43-6 

55 

40  a 

20 

*7 

110 

51  5 

40 

39 

30  n 

28 

S3 

110 

59 

59 

2 

55  n 

Ftb. 

25 

81 

58 

81 

81 

2 

50  n 

26 

83 

110 

81 

84*5 

67 

On 

June 

20 

48-5 

4680 

26 

78 

On 

30 

40*5 

7O8 

31 

69 

On 

Aug. 

31 

595 

40.18 

32 

0 

0 

Sept. 

5 

75-5 

510 

C6 

74 

24 

Os 

26 

72-5 

4K0 

70 

70 

34 

4s 

Oct. 

11 

60‘S 

600 

57 

59 

'l  ENAClTY,  in  Natural  Philosophy,  is  that  quality  of 
bodies  by  whirh  they  sustain  a considerable  pressure  or 
force  without  breaking;  and  is  the  opposite  quality  to  fia* 
giUcy  or  briltU'Deucss.  Mem.  Acad,  ^rjio,  1745,  pa,  47. 


TEN 


TER 


[ 

TENAILLK,  in  Fortific»Hon,  a kind  of  outwork^  con- 
fisting  of  two  paralli’l  sidi*f,  with  a front,  having  a re*«n- 
terin!*  angle.  In  fart,  that  angle,  and  the  faces  which 
compose  it.  are  the  tenaillc.  The  lenaille  U of  two  kinds, 
simple  and  double. 

SrMf>le  ot  Single  Tenaille,  is  a Urge  outsfork,  con- 
sisting of  two  tare«  nr  sides,  tticiudiiig  a re-entering  angle. 

Doublet  or  Tsy  AILLE.  is  a large  outwork,  con- 

sisting of  two  simple  tcnaiUcs.  or  three  saliant  and  two  re- 
entering angles,/ 

The  great  defects  of  teiiailles  are.  that  they  take  up  too 
much  room,  and  on  that  account  are  advantageous  to  the 
enemy;  tual  the  re-entering  an^lc  is  not  defended;  the 
height  of  the  parapet  preventing  the  seeing  down  into  it. 
so  that  the  onemv  enn  lodge  there  under  coser;  and  the 
sides  are  not  su^ci>mtly  tlanked.  For  these  reasons,  tc> 
nailles  arc  now  mostly  excluded  out  of  fortification  by  the 
best  cngineer'i,  and  never  made  but  where  time  does  not 
Mnc  to  form  a hornwork. 

T^naille  qf  the  Places  is  the  front  of  the  place,  com- 
prehen  led  between  the  fHiinisof  two  neighbouring  bastions; 
including  the  curuin.  the  two  flanks  raised  on  the  cur- 
tain. and  the  two  sid«^  of  the  bastions  which  face  each 
other  So  that  the  teuailli*,  in  ibis  sense,  is  the  same  with 
srhat  is  olherwi«e  called  the  Face  of  a fortress. 

TtNAiLLB  qf  thf  Duchf'u  a low  work  raised  before  the 
curtain,  in  the  roitidh  of  (hr  fo$s  or  ditch;  the  parapet  of 
which  IS  only  U or  3 feel  higher  than  the  level  ^ound  of 
the  ravelin.  • 

The  use  of  tenailles  in  general,  is  to  defend  the  butinm 
of  the  ditch  by  a grating  fire,  and  likewise  the  level  ground 
of  the  ravelin,  which  cannot  be  so  conveniently  defended 
from  any  other  place.  The  first  sort  do  not  defend  the 
ditch  so  well  as  the  others,  because  they  are  too  oblique 
a defence ; but  as  they  are  not  subject  to  be  enfiladed, 
Yauban  has  generally  preferred  them  in  the  fortifring  of 
places.  Those  of  the  second  kind  defend  the  ditch  much 
bettrr  than  the  firxt,  and  add  a low  fiank-to  those  of  the 
bastions ; but  as  these  (Unks  arc  liable  to  be  enfiladed, 
they  have  not  been  much  used  This  defect  however 
night  be  reraedit-d,  by  making  them  so  as  to  be  covered 
by  the  extremities  of  the  parapets  of  the  opposite  ravelinj. 
or  by  some  other  work.  And  the  same  thing  may  be 
nid  of  the  third  sort  as  of  the  second. 

The  Ham*t-hom  is  a curved  trnaille,  raised  in  the  ff>ss 
before  the  fianks,  ami  presenting  its  convexity  to  the 
covered  way*  'This  work  seems  preferable  to  either  of 
the  other  tenaillrs,  both  on  account  of  its  simplicity,  and 
Uk  defence  for  which  it  is  constructed. 

TEN.AILLONS,  in  Fortification,  are  works  constructed 
on  each  side  of  the  ravelin,  much  like  the  lunettes.  They 
differ,  as  one  of  the  faces  uf  a tenaillon  is  in  the  direction 
of  the  ravelin,  whereas  that  of  the  lunette  is  perpendicular 
to  it. 

TENOR,  in  Music,  the  first  mean  or  middle  part,  or 
that  which  is  the  ordinary  pitch,  or  tenor,  of  the  voice, 
when  not  either  raised  to  the  treble,  or  lowered  to  the  bass. 

TENSION,  the  state  of  a thing  tight,  or  stretched. 
Thus,  animals  sustain  and  move  themselves  by  the  tension 
of  their  muscles  and  nerves.  A chord,  or  string,  givesan 
acuter  or  deeper  sound,  as  it  is  in  a greater  or  less  degree 
%f  tension,  that  is,  more  or  lets  stretched  or  tightened. 
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The  Tendon  of  a cord  in  Sfechanict,  is  the  force  which 
acts  at  one  end  thereof  when  the  other  is  fixed,  or  it  is 
equivalent  to  that  force.  Thus,  in  the  case  of  an  equili- 
brium of  forces  applied  to  a physical  point ; if  we  consider 
that  point  as  fixed,  llie  tension  of  each  cord  is  precisely 
the  force  applied  at  each  cord  to  move  the  point ; but  if 
there  be  not  an  equilibrium,  as  will  happen,  for  example, 
when  two  unequal  powers  act  at  its  extremities ; the  ten* 
sion  is  in  this  case  the  least  of  the  two  forces ; for  the  ten- 
sion will  evidently  be  the  same,  as  if  one  of  the  extremities 
were  fixed,  and  the  least  of  the  two  forces  acted  solely  at 
the  other  end. 

TF.RM,  in  Geometry,  is  the  extreme  of  any  magnitude, 
or  that  which  bounds  and  lim'its  its  extent.  So  the  terms 
of  a lim*.  are  points;  of  a superficies,  lines;  of  a solid, 
superficies. 

Teams,  of  an  equation,  or  of  any  quantity,  in  Algebra, 
are  the  ncseral  namvsor  members  of  which  it  is  composed, 
separated  from  each  other  by  the  signs  ^ or  So, 
the  quantity  ox  *lbc  — Sox  , consists  of  the  three  terms 
or  uri<i  Qbc  and  3ox^. 

In  an  iHjuation.  the  terms  are  the  parts  which  contain 
the  several  powers  of  the  same  unknown  letter  or  quan- 
tity : fur  if  the  s^me  unknown  quantity  be  found  in  seve- 
ral members  in  the  same  degree  or  power,  they  shall  pass 
but  fur  one  term,  which  is  called  a compound  one,  in  dis- 
tinction from  a simple  or  single  term.  Thus,  in  the  equa- 
tion X*  d — 36  . X*  — OCX  = 6*.  the  four  terrts  arc 
X*  and  (o  — 3b)x*  and  oex  and  P;  of  which  the  second 
term  {a  — 36)P  it  compound,  and  the  other  three  are 
simple  terms. 

Terms,  of  a Product,  or  of  a Fraction,  or  of  a Ratio, 
or  ofa  Proportion.  Ac,  an*  the  several  quantities  employed 
in  forming  or  composing  them.  Thus,  the  terms 
of  the  product  ab,  are  a and  6; 
of  the  fraction  are  5 and  8; 
of  the  ratio  6 to  7 ; are  6 u^nd  7 ; 
of  (he  proportion  a : 6 : : 5 : p.  arc  a.  h,  5.  P. 

Teams  are  also  used  for  the  several  timet  or  seasons  of 
the  year  in  which  the  public  colleges  or  univeisities,  hr 
courts  uf  law,  arc  open,  or  sit.  Such  are  the  Oxford  and 
Cambridge  terms  ; also  tbwterms  for  the  courts  of  Kings* 
Bench.  Commuii  Pleas,  and  the  Exchequer,  which  arc  the 
high  courts  of  commtm  law.  But  the  high  court  of  Par* 
liament,  the  Chancery,  and  inferior  courts,  do  not  observe 
the  terms-~Thc  rest  of  the  year,  out  of  term-time,  it 
called  vactuion. 

There  are  four  law  terms  in  the  year ; viz, 

Hilary-Term,  which,  at  London,  begins  the  23d  day  of 
January,  and  ends  the  i2ih  of  February. 

BoUcr-Tenu,  which  begins  the  3d  Wednesday  after 
Eester-day,  and  ends  on  the  Monday  next  after  Ascension- 
day. 

TVinity-Term,  which  b^int  the  Friday  next  afier  Tri- 
nity-HSunday.  and  ends  the  4th  Wednesday  after  Trinity- 
Sunday. 

Michaelmas-Term,  which  brains  the  6tk  of  November, 
and  ends  the  28th  of  November. 

All  these  terms  have  also  their  returns,  the  da^  of 
which  arc  expressed  in  the  following  table  or  synojMU. 
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Table  of  the  Laiv  Terms,  and  their  Retvnu. 


T E T 


Terw 

iicRrtum  ^ Koiarn 

aJ  Rfiuni  ; 

4th  lUtora 

Mh  Return 

End 

Hilary' 

Ea-tii 

Trinity 

Mieb. 

.fanuary  25 
J \Vc*d.  at.  Eas. 
Fri.  af.  Trin.  S. 
November6 

January  20  llanuary  27 
2 Wks,  af.  KastJ)  Wk%.  af.  Ea^.' 
Trinity  Mond.  |l  \Vk,  af.Trin 
November  5 |Novonibt‘r  12 

February  3 
4 U’ks.af  h^st. 
2 Wkv. af.Trin. 
November  18 

February  9 
5 Wks  af.  hoist. 
3 Wks.  af.Trin. 
November  25 

Ascension  day 

Februnry  12 
.Vlmi.  af.  Aserns. 
!4th  We.af.  Tri.JJ. 
Noveml»er  28 

When  the  buginaing  or  coding  of  uiij,oi  these  terms  happens  on  a Sunday,  it  is  held  on  the  Monday  following. 


Or/ordTcHMS.  Thescarc  four;  which  begin  and  end 
ai  bcUm  : 


Term* 

Bepin. 

End 

I/?at  Term 
Easter  Term 
Trinity  Term 
Michai  lrnas  T. 

January  14 
Wed.  af.  Lotv-Sun. 
Wed.  af.  Whitsun. 
C>ct<*ber  10 

Sat.  bcf.  Palm-Sun. 
Sat.  bef.  ^^'hitvufl. 
Sal.  after  the  Act 
Decent bt  r 1 7. 

'i'hc  act  is  1st  Monday  after  the  (>th  of  July.— When 
(he  day  of  tlie  beginning  or  ending  happens  on  a Sunday, 
tile  terras  bi'gin  or  end  (be  day  afUT, 

Camftrid^c-Tafiiit-  Ttieae  arc  three,  aa  below  : 


TeroM 

End 

Lent  Term 

January  13 

Frid.bef.  Pulm-Sun. 

Easter  7'erro 

Wcd.alL  Low-Sun. 

F rid.  afi . Coro  inence. 

Michaelmas 

October  10 

December  I6. 

The  commencement  is  the  UtTuc^iay  in  July  —There 
b no  ditfcrcncc  on  account  of  the  beginning  or  ending 
being  Sunday. 

Squish  Teuus.  In  Scotland,  Candlemas  term  bi'gins 
January  23d,  and  ench  February  the  12th.  Whil^umidc> 
term  begins  May  125th,  and  ends  June  15th.  Ljunmas* 
term  begins  July  the  20th,  ami  ends  Augu>t  the  8ih. 
Martiiimavlerm  begins  November  the  3<i,  and  ends  No- 
vember the  29th. 

Irish  Terms.  In  Ireland  the  terms  arc  the  tame  as  at 
London,  except  Michaelmas-tcrm.  which  begins  October 
the  13th,  and  adjourns  to  November  the  Sd,  and  thence 
lo  the  6th. 

TliRMIN.ATOn,  in  Astronomy,  a name  sometimes 
given  to  the  circle  of  illumination,  from  its  property  of 
terminating  the  boundaries  of  lightand  darknf>t. 

TERUA,  in  Geography.  See  Earth. 

TcRRA-jCrnui,  in  Geography,  is  toinclimrs  uw:^d  fora 
continent,  in  contradistinction  to  islands.  Thus  Asia,  the 
Indicti  and  South  America,  are  usually  distinguished  into 
terra-litmas  and  isKinds. 

TERRAQUEOUS,  in  Geography,  an  epithet  given  to 
our  globe  or  earth,  considerr'd  as  consisting  of  land  and 
water,  which  together  constitute  one  mass. 

TEHBE'PLEiir,  orTEitRE-rLsiv,  in  Forlihcation,  the 
top,  platform,  or  horizontal  surface  nf  the  rampart,  upon 
which  the  cannon  are  placed,  and  where  the  defenders 
perform  their  fiffice.  It  is  so  called,  brnuisc  it  lies  level, 
baling  only  u little  slMpe  outwardly  to  counteract  the  re> 
coil  of  the  cannon.  Its  breadth  is  from  24  to  30  feel; 
being  terminated  by  the  parapi-t  on  the  outer  side,  and  in- 
wartlly  by  ihi  inner  talus. 

TF  RRELLA,  or  little  earth,  Is  a magnet  turned  of  a 
spherical  hgure,  and  p)ar«-d  so  ns  that  its  poles,  e<^uator, 
&c,  do  exactly  correspond  with  those  of  the  vrorld.  It 


was  so  Hrsl  called  by  Gilbert,  as  being  a just  represenra- 
lion  of  the  great  magnetic  globe  we  inhabit.  Such  a ter- 
rclla,  it  wa»  supposed,  it  nicely  poiw^d,  and  hung  in  a me- 
ridian like  a globe,  would  he  turned  round  like  the  earth 
in  24  hours  by  the  magnetic  parl’cles  pervading  it;  but 
cjcpericnce  has  shown  that  this  is  a mistake. 

TEKHI-^TRI.AL,  something  relating  to  the  earth.  A* 
terrestrial  glulie,  terrestrial  line,  Uc. 

TERTIAN;  dcoou-s  an  old  nipasure,  containir^  84 
gallons,  so  called  because  it  is  the  3d  part  of  a tun.  • 

1’KHTIA'I  E,  in  Oimi-ery.  To  Uriiatc  a great  gun,  it 
to  examine  the  thickness  of  the  mriul  at  the  muzzle,  by 
which  to  judge  of  the  strength  of  the  piece,  and  whether 
it  be  sufficiently  fortitiedor  not. 

TE'I  KACIlORI),  in  Music,  c-tlled  by  the  moderns  a 
fourth,  is  a crmcnrd  or  interval  of  4 tones.— The  tetra- 
ch»»rd  of  the  uncrents,  was  a rank  of  4 strings,  accounting 
the  t*  triichurd  for  one  lone,  as  it  is  oiren  taken  in  music. 

Tin  RA  DIA  P.ASON,  #r  i^nadruple  Duipason,  isa  mu- 
licnl  chord,  (ttherwisc  called  a quadruple  eighth,  or  a 
nine-and-twmtierh. 

TETR  AKIrRON,  orTETRAiiFDRON.in  Geomrtrv,  is 
one  of  the  five  Platonic  or  regular  bodies  or  s<ilid$,  com- 
prehended under  4 equilulerul  and  equal  triangles.  Or  it 
is  a iriaugulnr  pyramid  of  4 equal  and  equilateral  faces. 
It  is  demonstrated  in  geometry,  that  the  side  of  atetrac- 
dron  is  10  the  diameter  of  tts  circurmcribing  sphere,  as 
V^2  to  y^3;  C'mscqucmly  they  an*  incoromenHurabie. 

If  a denote  the  linear  edge  or  side  of  a tetraedron,  b iu 
whole  superficies,  c Hs  solidity,  rtbe  radius  of  its  inscribed 
sphert*,  and  r the  radius  nf  its  circumscribing  sphere ; 
then  the  general  relation  among  all  these  is  expressed  by 
the  following  equations,  viz, 

2rv/0a=4Rv^6  = =^0cv/2. 

b = 24rV3  = 4rV3  = «V3  = 6^cV3- 

c as  8i^y^3  CE 

R = Sr  S3  ^ W^^y/3  = |y/^Cv/3. 

r = Jr  = = t',v^2V3  = iv'jcv'S,  , 

See  my  Mensuration,  pa.  1 86  &c,  4tb  edit.  See  also  the 
articles  Regular,  end  Bodies. 

TKI'RAGUN,  in  Geometry,  a quadrangle,  or  a figure 
having  4 angles.  Such  as  a square,  a parallelogram,  a 
rhombus,  and  a trapezium.  It  sometimes  also  means 
peculiarly  a square. 

TETRAGONIAS,  • meteor,  whose  head  h of  a qua- 
drangular figtire,  and  its  tail  or  (rain  is  long,  thick,  and 
uniform,  it  docs  not  differ  much  from  the  meteor  called 
7V«6i  or  bea  ra . 

TKI'RAGONISM,  a term  which  some  authors  nse  to 
express  the  quadrature  of  the  circle,  because  the  quadra- 
ture is  (he  finding  a square  equal  to  it. 

TETRaSP.ASTON,  in  Mechanics,  a machine  in  whic!^ 
are  4 »»nlleys. 

TETRASTYI.E,  in  the  ancient  Architecture,  a build- 
ing, and  particularly  a temple,  with  4 columns  in  front. 
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THALIIS,  a celebratcfl  Greek  philottophf r,  and  ihe  first 
of  the  seven  wise  men  of  Greeci’t  was  born  at  Mitetum, 
about  6*40  years  bofuro  Christ.  After  acr|iiiring  the  usual 
learning  ul  hr  own  country,  he  travelled  into  and 

50veral  parts  of  Asia,  to  learn  nsironomy,  gi'omelry,  inys* 
Heal  divinity,  natural  knowledge  or  philosophy,  6tc,  in 
Egypt  be  met  for  some  tim«*  great  favour  from  the  king, 
Anmsis;  but  be  lost  it  8g4in,  by  the  freedom  of  his  re- 
marks on  the  conduct  of  kings,  which  it  is  said  occasioned 
bis  return  to  his  own  country,  where  he  communicated 
the  knowledge  he  had  acquired  to  many  disciples,  among 
the  principal  of  wbum  were  Anaximander,  Anaximenes, 
and  Pythagoras,  and  was  the  author  of  the  Ionian  sect  of 
philoaophers.  He  always  h>H««ver  lived  very  ietirrd,  and 
refused  the  proffered  favours  of  n>any  great  n*en.  He  was 
often  visited  by  Solon  t'uod  it- ia  said  be  look  great  plea- 
sure in  tbe  couversatino  of  Tbrasybidus,  whoae  excellent 
wit  made  him  forget  that  he  was  tyrant  of  Miletum. 

Lnenius,  and  veveral  other  wrilera,  agren  tliat  Thales 
was  the  father  of  the  Greek  philosophy;  being  tbe  first 
that  made  any  researches  into  natuml  knowledge  and  ma- 
thematics. His  doctrine  was,  that  water  wan  the  principle 
of  which  all  the  bodies  in  the  universe  are  composed  ; 
that  the  world  was  the  work  of  Gtxl ; and  that  secs 
the  must  secret  tbougfais  in  the  heart  of  man.  He  ob- 
served that,  in  order  to  live  well,  we  ought  to  abstaio  frt>m 
what  we  find  fault  with  in  others  : that  bodily  felicity  coo- 
tisti  in  health,  and  that  of  the  mind  in  knowledge : that 
the  most  annenl  of  beings  Is  God,  because  be  it  uncreated: 
that  nothing  is  more  beautiful  than  tbe  world,  because  it 
is  the  work  of  God  ; nothing  more  extensive  than  space, 
quicker  than  spirit,  stronger  than  necessity,  wiser  than 
time.  He  used  also  to  observe,  that  we  ought  never  to 
•ay  that  to  any  one  which  may  be  turned  to  our  preju- 
dice ; and  that  we  should  live  with  our  friends  as  with 
persons  that  may  become  our  enemies. 

In  geometry,  it  has  been  said,  he  was  a considerable 
inventor,  as  well  as  an  improver;  particularly  in  that  part 
concerning  triangles.  And  all  tbe  writers  agree*  tbat  he 
was  tbt>  first,  ev-en  in  Egypt,  who  took  the  height  of  the 
pyramids  by  the  shadow. 

His  knowledge  and  improvements  in  astronomy  were 
very  considerable.  He  divided  the  celestial  sphere  into 
five  circles  or  soncs,  the  arctic  and  antarctic  circles,  the 
two  tropical  circles,  and  the  equator.  He  observed  tbe 
apparent  diameter  of  the  sun,  which  he  made  equal  to 
half  a degree ; and  formed  the  constellation  of  the  Little 
Bear.  He  als4)  observed  the  nature  and  course  of  ccitpsis, 
and  calculated  them  exactly;  one  in  pnriicular,  memo- 
rably recorded  by  Herodotus,  as  it  happened  on  a day  of 
baule  between  the  Medes  and  Lydians,  which,  Laertius 
mys,  he  bad  fofHold  to  the  lonians.  And  the  same  author 
inibrrns  us,  tbat  he  divided  the  year  into  365  days.  Plu- 
tarch not  oaly  confinas  his  general  knowledge  of  eclipses, 
but  that  his  doctrine  was,  that  an  eclipse  of  the  sun  is  oc- 
casioned by  tbe  inteivention  of  the  moon,  and  tbat  an 
eclipse  of  the  moon  is  caused  by  the  intervention  of  tbe 
earth. 

His  morals  were  as  just,  as  his  matbeniatics  well  ground- 
ed, and  bis  judgment  in  civil  affairs  equal  to  either.  He 
was  very  avene  to  tyranny,  and  esteemed  monarchy  little 
lallrr  in  any  shape.— Diogenes  Laertius  reUtrs,  that, 
walking  to  contemplate  the  stanr,  be  fell  into  a ditch  ; on 
which  a good  old  woman,  tbat  attended  him,  exclaimed, 

**  How  camt  thou  know  wbat  is  doing  itvHie  heavens,  when 


tlinu  sees!  nut  what  is  at  thy  feet  P'— He  went  to  visit 
Cice>us,  who  was  marching  a powerful  army  into  Cappa- 
docia, and  enabled  him  to  pass  the  river  Halys  without 
making  a bhiigt>.  'lhales  died  soon  after,  at  above  9^^ 
VLNsrs  of  agr,  it  is  said,  at  tbe  Olympic  games,  where,  op- 
pressed with  beat,  thitst,  and  a load  of  years,  he,  in  pub- 
lic view,  sunk  into  the  arms  of  his  friends. 

Cunceming  his  writings,  it  remains  doubtful  whether  be 
left  any  behind  him  ; nt  least  none  have  come  down  to  us. 
Augustine  mentions  some  books  of  Natural  Philosophy; 
Simplicius,  some  written  on  Naultc  Astrology;  Laertius, 
two  rrcntiscs  on  the  I'ropics  and  Equinoxes  ; and  Saidas, 
a ireiiti^e  on  .Meteors,  written  in  verse. 

'1  llA.MML'Z.  in  Chronotndy,  the  10th  month  of  the 
year  of  the  Jvws,  cunlaining  2^  days,  and  answering  to 
our  June. 

THEMIS,  in  .Astronomy,  a name  given  by  some  to  the 
3d  satellite  of  Jupiter. 

THKODOLri'E,  an  instrument  much  used  in  surs'ey* 
ing,  fur  taking  angles,  distances,  altitudes,  &c.  This  in- 
strument it  variously  made ; different  persons  having  their 
several  ways  of  contriving  it,  each  attempting  to  make  it 
more  simple  and  portable,  more  accurate  and  expeditious, 
than  others.  It  usually  consists  of  a brais  circle,  about 
a foot  diameter,  cot  in  form  of  fig.  5,  pi.  J6f  havingin 
limb  divided  into  560  degrees,  and  each  degree  subdivided 
either  diagonally,  or  otherwise,  into  minutes.  Under- 
rveath,  at  cc,  are  fixed  two  littla  pillars  hh  (fig.  6),  which 
support  an  axis,  bearing  a telescope,  for  viewing  remoto 
objects. 

Ob  tbe  centre  of  the  circle  moves  the  index  c,  which  is 
a circular  plate,  having  a compass  in  tbe  middle,  the  me- 
ridian line  of  which  answers  to  tbe  fiducial  line  oa;  at  56 
are  fixed  two  pillars  to  support  an  axis,  bearing  a tele- 
scope like  tbe  former,  whose  line  of  coliimation  answers 
to  the  fiducial  line  a«.  At  each  end  of  either  telescope  is, 
or  may  be,  fixed  a plain  sight,  for  the  viewing  of  nearer 
ohjects. 

The  ends  of  tbe  index  aa  are  cut  circularly,  to  fit  the 
divisions  of  the  limb  a;  and  when  that  limb  is  diagonally 
divided,  the  fiducial  line  at  one  end  of  the  index  shows 
the  degrees  and  minutes  on  the  limb.  It  is  also  furnished 
with  cross  spirit  levels,  for  setting  the  plane  of  the  circle 
truly  horiiunlal ; and  a vertical  arch,  divided  into  de- 
grc«  s,  for  taking  angk'S  of  elevation  and  deptt*saion.  The 
whole  instrument  is  mouuted  with  a ball  and  socket,  upon 
a threo-le;>g<-d  staff. 

Many  theodolites  however  have  no  telescopes,  but  only 
four  plain  sights,  two  of  them  fastened  on  tbe  limb,  and 
two  on  the  ends  of  the  index.  Two  different  ones,  mount- 
ed on  their  stand,  are  represented  in  fig.  4 and  5,  plaie*21. 

The  use  of  the  theodolite  ts  abundantly  shown  in  that 
of  the  semicircle,  which  is  only  half  • theodolite.  And 
the  index  and  compass  of  the  theodolite  serve  also  for  a 
circumferentor,  and  are  used  us  such.  The  ingenious 
Mr  Ramsden  made  a most  excellciii  theodolite,  for  the 
use  of  (he  military  survey  now  carrying  on  in  England. 

THEODOSIUS,  a celebrated  mathematician,  who 
fiourtshed  in  the  times  of  Cicero  and  Pompey ; but  the 
time  and  place  of  his  death  arc  unknown.  This  Theodo- 
sius, iheTripolite,  as  mentioned  by  Suidai,  h probably  the 
same  with  Theodosius  tbe  philosopher  of  Bithynia,  who 
Strabo  says  excelled  in  the  mathematical  sciences,  as  also 
bis  sons ; for  the  same  person  might  have  travelled  from 
the  one  of  those  places  to  the  other,  and  spent  pan  of  his 
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Ufe  in  each  of  them ; like  as  Hipparchus  ims  called  by 
Suabu  the  Bilh^iuan;  but  by  Ptuleiuy  and  oU»ers  the 
Rliodiaii. 

'I'luNKlosius  chiefly  cultivated  that  part  of  geometry 
which  relates  to  the  doctrioe  of  the  spherct  concerning 
wrlmh  be  publiahed  three  books.  I'he  iirst  of  titese  con* 
tains  'JQ  proposiuonB the  second  23;  uiid  the  third  14; 
all  dumonsiraied  in  the  pure  geomctrirul  amnnt-r  of  the 
ancienis.  Ptolemy  made  great  uve  of  these  pnipositions, 
as  well  as  all  succeeding  writers.  ‘I  Iicm*  bcMiks  were  tnms- 
lated  by  the  Arabians,  oui  of  the  original  (>rc<k,  into  their 
own  Uiiguavc.  From  the  Arabic,  the  wuik  was  again 
iransUied  into  Jjitm,  and  printed  at  Venice.  But  tbo 
Arabic  version  being  very  defective,  a more  complete 
edition  was  publuhcd  in  Greek  and  Latin,  at  Paris  1358, 
by  John  Pena,  Regius  Professor  of  Aitronumy.  And  Vi> 
telio  acquired  reputation  by  translating  Theodosius  into 
Latin.  '1  his  author's  works  were  also  commented  on  and 
illustrated  by  Ciavius,  llelegaiiius,  and  Guutmus,  and 
lastly  by  Dechales,  in  his  Cursus  Matiieinancus.  'I'lieu- 
dosius’s  SpbiTics  was  also  translated,  and  publislied,  by 
our  countryman  the  learned  Dr.  Barrow,  in  the  >ear  l675, 
illustrated  and  demonstrated  in  a new  and  concise  im-thod. 
By  ibis  author's  account,  Theod(>sius  appears  not  uni)  to 
be  a great  aaaster  in  ibis  more  difficult  part  ol  geometr)', 
but  the  first  considerable  author  of  untit|uily  who  has 
writlen  on  that  subject.  Another  edition  wav  published 
at  Oxford  1707  in  8vo.  by  Jos.  Hunt. 

Theodosius  wrote  also  concerning  the  Celestial  Houses; 
also  of  Days  and  Nights;  copies  of  which,  in  Greek,  arc 
in  the  king’s  library  at  Paris  ; of  which  there  was  a Latin 
edition,  published  by  Foicr  Dasypody,  in  the  year  1572. 

THEON,  of  Alexandria,  a criebr.iled  Greek  philoso- 
pher and  mathematician,  who  flourished  in  the  4tb  cen- 
tury, about  the  year  380,  in  the  lime  of  Theodosius  tbc 
Great ; but  the  time  and  manner  of  his  death  are  unknown. 
His  genius  and  disposition  for  the  study  ol  philosophy  were 
very  early  improved  by  a close  application  to  study  ; so 
that  he  acquired  such  a proflciency  in  the  sciences,  as  to 
render  his  name  venerable  in  history ; and  to  procure  him 
the  honour  of  being  president  of  the  famous  AleNandrian 
school.  One  of  his  pupils  was  the  admirable  Hypatia, 
his  daughter,  who  succeeded  bun  in  the  presidency  of  the 
school ; a trust,  which,  like  himself,  she  discharged  with 
the  greatest  honour  and  usefulness.  [See  her  life  in  its 
place  in  the  6rst  volume  of  this  Dictioimr)'.] 

The  study  of  nature  led  Thcon  to  many  just  conceptions 
concerning  God,  and  to  many  useful  reflections  in  tbc 
science  of  moral  philosophy  ; hence,  it  is  said,  be  wrote 
wilh  great  accuracy  on  divine  providence.  And  hesirmt 
to  have  made  it  his  standing  rule,  to  judge  the  truth  of 
certain  principles,  or  setitimeiUs  from  their  natural  or 
necessary  temJt-ncy.  Thus,  besays,  ibnta  full  persuasion, 
that  the  Deity  sees  every  thing  we  do,  is  the  strongest  lo- 
ceotivato  virtue;  for  he  iusi>u,  that  the  most  profligate 
base  power  to  retrain  their  hands,  and  bold  their  tongues, 
when  they  think  thoy  are  observed,  or  overbi*ard,  by  some 
person  whom  they  fear  or  respccL  With  how  much  more 
reason  then,  says  he,  should  the  apprehension  and  belief, 
that  God  sees  all  things  restrain  men  iroifl  sin,  and  con- 
tlantl)  exciu-  them  to' their  duty  t He  also  represents  this 
belief,  concerning  the  Deity,  as  productive  ot  the  greatest 
pleasure  imaginable,  especially  to  the  virtuous,  who  might 
depend  with  greater  ccmfliienca  on  the  favour  and  protec- 
tsooof  Providence.  For  this  reason,  he  recommends  no- 


thing so  moch  as  meditation  on  ibe  presence  of  God:  and 
be  n'commcnded  il  to  the  civil  magistrate,  as  u r.*straifft 
on  such  as  were  profane  and  wicked,  to  have  the  fallow- 
ing inscription  wriUee,  in  laq;e  characters,  at  the  corner 
of  every  strict ; GuO  BXlis  TiiRC,  O hlNNLK. 

'Ihcun  wrote  notes  and  comineiUanes  on  some  of  the 
ancient  matbcmaticiani.  He  composed  also  a book,  en- 
titled rrog)'mna.smalu,  a rheioiical  work,  wriitcn  with 
great  judgment  and  elegance ; in  which  he  cnticiNcd  oa 
the  writings  of  some  illustrious  orators  and  historians; 
pointing  out,  vntb  great  propriety  and  judgment,  their 
beauties  and  impedeclioiis ; and  laying  down  proper  rules 
for  propriety  of  style.  He  recoinintnds  conciseness  of 
expression,  and  pc^rspicuity,  as  the  pnncipal  ornaments. 
This  book  was  printed  at  Basle,  in  the  year  1541 ; but  tha 
best  edition  is  that  of  Leyden,  in  H>26,  in  8vu. 

THEOPHKAS'l'US,  a crlebraicd  Greik  philosopher, 
was  tbc  son  of  Mclanihus,  and  was  born  at  Kretus  in 
Hceotia.  lie  was  at  first  the  disciple  of  Lucippus,  then 
of  Plato,  and  lastly  of  Aristotle;  wliom  he  succeeded  in 
bis  school,  about  the  322d  year  before  the  Christiao  era, 
and  taught  philosophy  at  Athens  with  great  applause.  He 
said  pf  an  orator  without  judgment,  **  that  be  was  a bone 
without  a bridle."  He  used  also  to  say,  **  There  Is  no- 
thing so  valuable  as  time,  and  those  who  lavish  it  are  the 
must  inexcusable  of  all  prudigals."-^He  died  at  about  100 
years  of  age. 

Theophrastus  wrote  many  works,  the  principal  of  which 
arc  the  following.— 1.  An  excellent  moral  treatise  enti- 
tied,  Characters,  which,  he  says  in  the  preface,  be  com- 
posed  uL  years  of  age.  liaac  Casauboo  has  written 
learned  Commentaries  on  this  small  treatise.  It  has  been 
translated  from  the  Greek  into  French,  by  Bruyere;  and 
it  has  also  been. translated  into  Englisb.— S.  A curious 
tieaiise  on  Plants.— 3.  A treatise  on  fossils  or  stones  ; of 
which  Dr.  Hill  has  given  a guod  edition,  wilh  an  English 
translation,  and  learned  notes,  in  8vo. 

THEOREM,  a pro|x>sition  which  terminates  in  theory'^ 
and  which  considers  the  properties  of  things  already  made 
or  done.  Or,  a theorem  is  a speculative  proposition,  de- 
duced fiom  several  definitions  compared  together.  I’bus, 
if  a triangle  be  compared  with  a parallelogram  standing 
on  me  same  base,  and  of  the  same  altitude,  and  partly 
from  tbeir  immediate  definitions,  and  partly  from  other 
of  their  properties  already  determined,  it  is  inferred  that 
the  parallelogram  is  double  the  triangle;  that  proposition 
is  a theorem. 

Theorem  stands  contradistinguished  from  problem, 
which  denotes  something  to  be  done  or  constructed,  as  a 
theorem  proposes  something  to  be  proved  or  dcmonstratril. 

There  arc  two  things  to  be  chiefly  regarded  in  every 
theorem,  vis,  the  proposition,  and  the  democatraiion.  In 
tbc  first  is  cxpiessed  what  agrees  to  some  certain  thing, 
under  certain  conditions,  and  what  does  not.  In  the  latter, 
the  reasons  are  laid  down  by  which  the  understanding 
comes  to  conci'ive  that  it  does  or  does  not  agree  to  it. 
Tbiorrms  are  of  various  kinds:  as, 

Umvenul  Tueoxsn,  is  that  which  extends  to  any 
quantity  without  restriction,  universally.  As  this,  that 
the  ri  ciangle  or  pr^Mluct  of  the  sum  and  diffen  nee  of  any 
two  quantities,  is  equal  to  the  difference  of  ibeir  squares. 

Pm rica/or  Theorem,  is  that  which  extends  only  to  n 
particular  quantity.  As  this,  in  an  equilat  era!  rectilinear 
triangle,  each  angle  is  equal  to  60  degrees* 

Negative  Tmeoekii,  is  that  which  expresses  the  impot* 
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‘sibiliiy  of  any  a^^orliou.  As  that  tlift  sum  of  Uro  biqua* 
drnte  numbers  cannot  make  a square  number. 

Loco/ Theorem,  is  that  which  relau  s (•  a Surface. 
As,  that  triangles  of  the  sann-  base  um)  aUtUide  are  equal. 

/Vtfoe  TifBORRM,  it  that  which  relates  toa  turfart' ihat 
it  either  rectilinc«r  or  boumleil  by  the  circumference  »>f  a 
circle.  As,  that  all  angles  in  the  tame  segment  of  a circle 
are  equal. , 

Sb/<<f  Theorem,  is  that  which  considers  a s^ace  ter- 
minated by  B solid  line;  thnt  is  by  any  of  the  tbrci^  c<mic 
sections.  As  this,  that  if  a right  line  cut  two  asymptotic 
parabolas,  its  two  parts  termimited  by  them  shall  bo 
equal. 

Acc/procaf  Throrem.  is  one  whose  converse  is  true. 
As,  that  if  a triangle  have  two  sides  equal,  it  has  also 
two  anglt>s  equal : the  converse  of  which  is  likewise  true, 
viz,  that  if  the  triangle  have  two  angles  equal,  it  has  also 
two  sides  equal. 

THEORY,  a doctrine  which  terminates  in  the  sole 
speculation  or  consideration  of  its  objt^t,  without  any 
view  to  the  practice  or  a|>plication  of  it.  To  be  learned 
in  an  art,  Ac,  the  theory  is  sufficient ; to  be  a master  of 
it,  both  the  theory  anti  practice  arc  requisite.^Ma* 
chines  often  promise  very  well  in  theory,  but  fail 
in  the  practice— *\Vc  >ay,  theory  of  the  moon,  theory 
of  the  rainbow,  of  the  microscope,  of  the  camera  ob> 
scura,  Ac. 

Theories  qfMe  P/o»ett,  Ac,  are  systems  or  hypotheses, 
according  to  which  the  astronomers  e.xplain  reasons 
of  the  phenomena  or  apfiearances  of  them. 

THKUMOMETKR,  an  instrument  for  measuring  the 
temperature  of  the  air,  Ac,  ns  lu  heat  and  cold. 

The  invention  of  the  ihonnoiiieter  is  attribuied  to  sc* 
veral  persons  by  different  authors,  siz,  t<\  Sanciorio,  G»- 
liieo,  father  Paul,  and  tu  Drebbel.  Thus,  the  invention 
is  ascribed  to  Cornelius  Drcbbcl  of  Alcmar,  about  the 
beginning  of  the  17tb  Century,  by  his  countrymen  Hoer- 
baavti  (Ohrm.  1,  pa.  IS'i,  lab),  and  Miisschciibruek  (In* 
ln>ii.  H(l  Phil-  Nat.  voL  12,  pa.  &ii). — Kulgeiizio,  in  his 
Life  of  Luther  Paul,  gives  him  the  honour  of  the  rtrsi  dis- 
cover)'.— Vmcenzio  Viviaiii  (Vit.  de  TOalil.  pa.  f>7  ; al'^ 
Oper.  di  Galil.  pref.  pa.  47)  speaks  of  Galileo  ns  the 
inventor  of  ihrrniomeirrs. — Rut  Sanctorino  (Com.  in 
Galen.  Art.  Mc«l.  pa.  73d,  g4‘2.  Com.  in  Avicen.  Can. 
Ken.  I,  pa.  22,  78,  2iy)  expressly  assumes  to  himself 
rhis  invention:  and  Ihirdli  (De  Mot  Animal.  3,  prop. 
1/^)  And  Malpighi  (Oper.  PiMth.  pa.  SO)  ascribe  it  tn 
him  without  reserve.  Upon  which  Ur.  Murtine  remarks, 
that  these  riorentine  academicians  arc  not  to  be  sus- 
pected of  partiality  in  favour  of  one  of  the  Patavinian 
school. 

But  whoever  was  tift'  first  inventor  o(  this  instrument, 
it  was  at  first  very  rudeatid  imperfect;  uhd  as  the  various 
degress  of  heal  were  indicated  by  the  diftcrcni  contraction 
or  expansion  of  air,  it  was  afterwards  found  to  be  nn  un- 
certain and  sometimes  a deceiving  measure  of  heat,  be- 
cause the  bulk  of  the  air  was  affected,  not  only  by  the 
difference  of  heat,  but  niso  by  the  variable  weight  of  the 
atmmphere.— Tiiere  are  various  kinds  of  therinomctcm, 
the  construction,  defi*cU,  thei>ry,  Ac,  of  which,  are  as 
lollow. 

Air  Thervomfter.— This  instriimem  depends  on 
the  rarefaction  of  the  air.  It  consists  of  a rIass  tube  be 
(tig.  1,  pi.  30)  connected  at  one  end  with  u Urge  triads 
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ball  a,  And  at  the  other  end  immersed  in  nn  open  vessel, 
or  termiiiAttiig  in  a ball  de,  with  a narrow  oHticc  ot  d; 
wlm  h vessel,  or  b'H.  contains  any  coloured  itquot  that 
will  not  easily  frei-ze,  Aquafurtts  tinged  blue 

colour  with  solution  lA  vitriol  or  copper,  nr  spirit  of  wine 
tinged  with  cochineal,  will  ahswcrihts  purpose.  But  the 
bull  A must  be  first  motiemtcly  warmed,  so  that  a |tart  of 
the  air  conlainctl  in  it  may  be  e.xpelled  through  the  ori- 
fice n ; and  then  the  liquor  pressed  by  the  weight  of  the 
atmosphere,  will  enter  the  bail  de,  and  rise,  tonxampie, 
to  the  middle  of  th<‘  tube  At  c,  at  a ntean  lempcralurc  of 
the  weHtber;  and  in  this  stale  the  liquor  by  its  wei«hf, 
and  the  air  included  in  the  ball  and  tube  abc,  by  lU 
elasticity,  will  connierbalaiicc  the  weight  of  the  atmo- 
sphere. As  the  surrounding  air  becomes  warmer,  the  air 
in  the  ball  and  the  upper  part  of  the  tube,  expanding  by 
heat,  wilt  drive  the  liquor  into  the  lower  ball,  and  conse- 
quently its  surface  will  descend  ; on  the  contrary,  as  tbe 
ambient  air  becomes  colder,  that  in  the  ball  U condensed, 
and  the  liquor,  pre^^sod  by  the  weight  ofthe  atmosphere,  will 
ascend:  so  that  the  liquor  in  the  lube  willa»cendorde«cend 
more  or  less,  accoriling  to  the  state  of  the  air  contignout  to 
instrument.  To  the  lube  is  affixed  a scale  of  the  same 
length,  divided  upwards  and  downwards,  from  the  middle 
c,  into  loo  equal  parti,  by  means  of  which  m^y  be  ob- 
served the  nscent  and  descent  of  the  liquor  iq  the  tube, 
and  consequently  the  variations  also  in  the  temperature  of 
the  atmosphere. 

A similar  thermometer  may  be  constructed  by  putting 
a small  quantity  of  mercury,  not  exceeding  the  bulk  of  a 
pea,  into  the  tiibv*  bc  (fig.  4,  pi.  3<))t  bent  into  wreaths, 
that  taking  op  the  less  ludght,  it  may  bc  the  more  manage- 
able,  and  less  liable  to  harm;  divide  this  tube  into  any 
number  of  equal  parts  to  sene  for  a scale.  Here  the  ap- 
proaches of  the  mercury  towanls  the  ball  a will  show  the 
increase  of  tbe  degree  of  heat.  Tbe  reason  of  which  is 
the  same  as  in  the  former. 

Tbe  defect  of  both  these  instruments  consists  in  (his, 
that  they  are  liable  to  be  acted  on  by  a double  cause: 
for,  not  only  a decrease  of  heat,  but  also  an  increase  of 
weight  of 'the  atmosphere,  will  make  the  liquor  rise  in  the 
one.  and  the  mercury  in  the  other;  and,  on  the  contrary, 
cither  an  increase  of  heat,  or  decrease  of  the  weight  of  the 
atmosphere,  will  cause  them  tod*>scend. 

For  thcM*,  and  other  reasons,  thermometers  of  this  kind 
have  long  been  disused.  However,  M.  Amontous,  in 
1702,  with  a view  of  perfecting  the  aerial  thermometer, 
contrived  his  Universal  Thermometer.  Finding  that  the 
changes  pnvduccd  by  hr.it  and  cold  in*tbc  bulk  of  thenir 
were  subject  to  invincible  irregularities,  be  subHtilured 
for  these  the  variations  produced  by  beat  in  the  clastic 
force  of  this  fluid..  This  thermometer  consisted  of  a long 
tube  of  glass  (tig.  3,  p).  39)  open  at  one  end,  and  recurved 
at  the  other  end,  which  terminated  in  u ball.  A certain 
quantity  of  air  was  corapre^sed  into  this  ball  by  the  weight 
of  a column  of  mercury,  and  also  by  the  weight  of  the 
atmosphere.  The  effect  of  heat  on  this  included  air  was 
to  make  it  sustain  a greater  or  less  weight ; and  this  effect 
was  measured  by  the  variation  of  the  column  of  mrreury 
in  the  tube,  corrected  by  that  of  the  barometer,  with  re- 
spect to  the  chanaes  of  the  weight  of  tbe  external  air 
This  instrument,  though  much  more  j>ertect  than  the 
former,  is  nevertheless  subject  to  very  considerable  de- 
fects and  inconvriiieitccs.  Its  length  of  4 fvcl  renders  it 
3T 
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antit  fur  n v«riety  of  experiment*,  and  its  con»truclion  is 
didicult  ami  complex : it  extremely  inconvenient  fur 
carnagC)  m » rvry  »mall  inclinaiion  of  the  tube  would 
siifTrr  the  iBcluded  air  to  escape  : also  the  friction  of  the 
mercury  in  the  tube,  and  the  compressibility  of  the  atr» 
contribute  to  rentier  the  indications ot  this  instrument  ex- 
tremely uncertain.  Besides,  the  dilatation  of  the  jitir  is 
not  so  reguiaily  proportionnl  to  its  heat,  nor  is  its  diln(a' 
lion  by  u givt'n  lieat  nearly  so  uniform  as  he  suppi>seii. 
'i  his  depends  much  on  its  moisture;  for  dry  air  dues  not 
expand  near  so  much  by  a given  healj  as  air  stored  with 
watery  parlicier.  For  these,  and  oiiicr  rrasoni,  enume- 
rated by  Doluc  (Rcchcrches  sur  les  Mod.  do  TAtino. 
tom.  1,  pa.  27b  «Vc),  this  instrument  was  imitated  by 
eery  few,  and  never  cninc  into  general  u«*. 

0/ the  Florentine  Thehmowktxr,— -Theacademulsdei 
Cinientr,  about  the  middle  of  the  17th  century,  consi- 
dering the  iiiConveniencK*s  of  the  air  thermometers  above 
described,  attempted  another,  that  should  measutc  lu*at 
and  cold  by  the  rarefaction  and  condensation  of  spirit  of 
wine;  tliougli  much  loss  than  those  of  air,  and  cunsc- 
r|uenily  the  ulleratiuns  in  the  degree  of  ht^t  likely  to  be 
much  lesx  sensible. 

The  spirit  of  wine  coloured,  was  included  in  a very 
line  and  cylindrical  glass  tul>e  (tig.  2,  pi.  d9)«  eshausted 
of  its*air,  having  a hollow  ball  at  orm  end  a,  and  herme- 
tically sealed  at  the  other  end  n.  The  ball  and  tube  arc 
filled  with  rectified  spirit  of  wine  to  a conve*nient  height, 
as  to  c,  when  the  weather  is  of  a mean  ten^HTuturc, 
which  may  be  done  by  inverting  the  lube  inHi  a vessel  of 
stagnant  coloured  spirit,  under  u receiver  of  the  air-pump, 
or  in  any  other  way.  When  the  thermometer  is  pro|H*riy 
filU^,  the  end  D is  heated  red  iiot  by  a lamp,  and  then 
kt  rmoticully  scali'd,  leaving  the  included  air  of  about  \ of 
its  natural  density,  to  prevent  the  uir  wliicli  is  in  the  spirit 
from  dividing  it  in  its  expansion.  To  the  tube  is  applied 
a scule,  divided  frum  the  middle,  into  100  ec^ual  parts, 
upwards  and  downwards. 

Now  spirit  of  wine  rarefying  and  condensing  very  con- 
siderably; as  the  beat  of  the  ambient  atmuspbt  re  in- 
crraM-^,  the  spirit  will  dilate,  and  so  aveend  in  the  lube; 
and  as  the  heal  decrease^,  the  spirit  will  descend;  and 
the  degree  or  (|Uuntity  of  the  moUun  will  be  shown  by  the 
attached  scale. 

These  thermometers  could  not  be  subject  to  any  incon- 
venience by  an  evaporation  of  the  liquor,  or  a variable 
gravity  of  the  incumbent  atmosphere.  Invirumonts  of 
this  kind  were  first  iiitrmluced  into  England  by  Mr. 
Boyle,  and  they  s4Son  caroe  into  general  use  among  philo- 
sophers in  other  countries.  They  are  however  subject 
to  coniiderable  inconveniences,  from  the  weight  of  the  li- 
quor itself,  and  from  the  elasticity  of  the  air  shove  it  in 
the  lube,  both  which  prevent  the  freedom  of  its  ascent; 
besides,  the  rarefactions  are  not  exactly  proportional  to 
the  surrounding  heat.  Moreover  spirit  of  wine  is  inca- 
pable of  bearing  very  great  heat  or  very  great  cold : it 
boils  sooner  than  any  olh<T  liquor;  and  therefore  the  de- 
grees of  beat  of  boiling  fluids  cannot  be  determined  by 
this  tbrrmumeter.  And  thi’Ugb  it  retains  its  fluidity  in 
pretty  severe  cold,  yet  it  seems  not  to  condense  very  re- 
gularly in  them : and  at  Torneao,  near  the  polar  circle, 
the  winter  cold  was  so  severe,  as  Maupertuis  informs  us, 
that  the  spirits  were  frocea  in  all  their  thermometers.  S>o 
that  the  degrees  of  beat  and  cold,  which  spirit  of  wioe  is 


capable  of  inOiiatii^,  is  much  ton  limited  to  be  of  very* 
great  or  general  usi*. 

.-\iiuthcr  Ku-ui  defect  of  thesi',  and  other  thermometers, 
is,  that  their  degrees  cannot  be  Lumpared  with  each  other. 
It  is  true  they  mark  the  variations  of  hr  at  and  cold  ; but 
each  marks  tor  itscdf,  and  after  its  own  manner;  because 
they  do  not  prucei'd  from  any  point  of  temperature  that 
is  Common  to  ail  of  them.  ^ 

J'roni  ihoc  uiid  vanous  utber  imperfections  in  tbe»e 
thermumeterv,  it  huppi-ns,  that  the  coin|>ansoiis  oi  them 
become  so  precarious  and  defective:  and  yet  the  must 
curious  and  intereiling  use  of  them,  is  what  ought  to 
ansc  from  such  compAnson.  It  is  by  this  we  should 
know  the  heat  or  cold  of  another  season,  of  another  year, 
another  climate,  &c  ; and  what  is  the  greatest  degree  of 
beat  or  cold  that  men  and  other  animals  can  subsut  in. 

Reaumur  comrived  a new  thermometer,  (fig.  3,  pi.  39) 
in  which  the  inconveniences  of  the  former  arc  proposed 
to  be  remedied.  He  took  a large  ball  and  tube,  (he  con- 
tt*nt  or  dimensions  of  which  arc  known  in  every  part ; be 
graduated  the  tube,  so  that  the  space  frum  one  division  to 
nnotber  might  contain  a 1000th  part  of  the  liquor,  which 
litpior  would  contain  1000  pans  when  it  stood  at  the 
freezing  point:  then  putting  the  ball  of  his  ihcrmomeler 
and  part  of  the  tube  into  boiling  water,  he  observed  whe- 
ther it  rose  80  divisions  : if  it  exceeded  these,  be  changed 
his  liquor,  and  by  adding  water  lowered  it,  till  upon  trial 
it  should  juit  rise  80  divisions;  or  if  the  liquor,  being 
too  low,. fell  short  of  80  divisions,  be  raised  it  by  adding 
rectified  spirit  to  it.  The  liquor  thus  prepared  suited 
his  purpose,  aud  served  for  making  a thermoinclcr  of  any 
size,  whose  scale  would  agree  with  bis  standard.  Such 
liquor,  or  spirits,  being  about  the  strength  of  common 
brandy,  may  easily  be  had  any  where,  or  made  of  a proper 
degree  of  density  by  raising  or  lowering  it. 

The  abbe  Nollet  made  many  excellent  thermometers 
upon  Reaumur’s  principle.  Dr.  Martine  however  ex- 
presses bis  apprehensions  that  thermometers  of  this  kind 
cannot  admit  of  such  accuracy  as  might  be  wished.  The 
balls  or  bulbs,  being  largi*,  us  3 or  4 inches  in  diamcier, 
are  neither  heated  nor  cooled  soon  enough  to  show  the 
variations  of  heat.  Small  bulbs  and  small  tubes,  he  says, 
are  much  more  convenient,  and  may  bo  constructed  with 
sufficient  accuracy.  Though  it  must  be  allowed  that 
Reaumur,  by  bis  excellent  scale,  and  by  depriving  the 
spirit  of  its  air,  aud  expelling  the  air  by  means  of  beat 
from  the  ball  and  tube  of  his  ihermomeirr,  ba>  brought  it 
to  os  much  perfection  as  may  be  ; yet  it  is  liable  to  some 
of  the  inconveniences  ol  spirit  tbermomelers,  and  is  much 
inferior  to  meicurial  ones.  These  lw‘o  kinds  do  nut 
agree  lugelher  in  indicaimg  the  same  degrees  of  intense 
cold;  fur  when  the  mercury  ha*  stood  at  22^  below  O, 
the  spirit  indicated  only  18"^,  and  when  the  iivarcury  stood 
at  28°  or  37'^  below  0,  the  spirit  rested  at  25°  or  29°. 
See  the  description  of  Reaumur’s  tbermumeter  at  laige  in 
Mem.  de  FAcad.  des  Scicnc.  an.  1730,  pa.  645,  Hist.  pa. 
15.  lb.  an.  173  H pa.  394,  Hist.  pa.  7. 

MercuruU  TiiKRMOMaTER. — It  is  a most  important 
circumstance  m the  construction  of  ihvrroometers,'  to  pro- 
cure a fluid  that  measures  equal  varialionsof  heat  by  cor- 
responding equal  variations  in  its  own  bulk  : and  the  fluid 
which  possesses  this  essential  requisite  in  the  most  perfect 
degree,  is  mercury  : the  variaiit^ns  in  its  bulk  approarhing 
nearer  to  a proportion  with  the  corresponding  variations 
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uf  its  beat,  than  any  other  fluid.  Ikjaidcs,  it  u the  most 
easy  to  pur^tc  of  ill  air ; and  it  also  the  most  pro|ier  for 
measuring  very  considerablo  variations  of  heal  and  cold, 
a»  It  will  bear  more  cold  before  freciing,  and  more  beat 
before  boiling,  than  any.other  fluid.  Mercury  is  also  more 
sensible  than  any  u<ber  fluid,  air  excepted,  or  coulorms 
more  speedily  to  the  seseral  variations  ot  heat.  Moicuver, 
as  mercury  is  an  homogeneous  ^uid,  it  willlu  every  tber> 
Biomcter  exhibit  the  samq  dilatation  or  cotulensalion  by 
the  mme  sariatious  of  beat. 

Dr.  Halley,  though  uppnseii  only  of  some  of  the  re* 
niarkablo  properties  of  mercury  abtjve  recited,  seems  to 
have  been  the  Arst  who  suggested  the  application  uf  this 
fluid  to  llie  construction  of  thermometers.  Philos.  Trans, 
voi.  9,  pa.  505.  * 

. BiK-rbaave  (Chem.  1,  pa.  720)  says,  these  niercurisl 
Ihermomoiers  were  Arst  contrived  by  Olaus  Uoeroer  ; but 
(bu  claims  of  Fahrenheit  of  Amsterdam,  who  gave  an  ac- 
count of  his  invention  to  the  Royal  Society  in  1724, 
(Philos.  Tram.  No. 38 1,)  have  been  generally  allowed. 
And  though  Prius  and  olbem,  m lUigiuud,  Holland, 
France,  und  atlier  countries,  have  made  this  iiisirumeni  as 
well  as  Fahrenheit,  yet  roust  of  the  mercurial  thermome- 
ters are  graduated  according  to  his  scale,  and  are  called 
Fahrenheit’s  thermuim'ters.  « 

The  Cone  or  cylinder,  which  these  thermometers  are 
often  made  with,  instead  of  the  ball,  it  made  of  glass  of  a 
moderate  thickness,  lest,  when  the  exhausted  tub*  is  her* 
melicaily  sealed,  its  internal  capacity  should  be  diminished 
by  the  ws^htuf  the  ambient  atmosphere.  When  the  mer- 
cury is  thoroughly  purged  of  its  air  and  moisture  by  boil- 
ing, the  thernsomeier  is  Ailed  with  a sufficient  quantity  of 
it  i and  before  the  tube  is  hermetically  sealed,  the  air  is 
wholly  expelled  from  it  by  heating  the  mercury,  so  that  it 
may  be  rareAed  and  ascend  to  the  top  of  the  tube.  To  the 
aide  of  the  tube  is  annexed  a scale  (fig*  7»  pF  3fl),  which 
Fahrenheit  divided  into  600  parts.  Ix^inning  with  that  of 
the  severe  cold  which  he  had  observed  in  Iceland  in  1709, 
or  that  produced  by  surrounding  the  bulb  of  the  thermo- 
meter with  a mixture  of  snow  or  baaien  ice  and  sal  am- 
moniac or  sea  salL  This  ho  apprehended  to  be  the  great- 
est degree  of  cold,  and  accordingly  he  marked  this,  as  the 
beginning  of  his  scale,  with  0 ; the  point  at  which  mercury 
begins  to  boil,  Ik;  conceived  to  show  the  greatest  degree  of 
heat,  and  this  he  made  the  limit  of  his  scale.  The  distance 
between  these  two  points  he  divided  into  600  equal  parts 
or  degrees  ; and  by  trials  he  found  at  the  freciing  poiul, 
when  water  just  begins  to  frarie,  or  snow  or  ice  just  be- 
gins to  thaw,  that  the  mercury  stood  at  32  of  these  divi- 
siona,  therefore  called  the  degree  of  the  frrojing  point ; 
and  when  the  tube  was  immersed  in  i>oi)ii»g  water,  the 
roercuiy  rose  to  2)2,  which  therefiMo  is  the  boiling  point, 
and  is  just  180 degrees  above  the  lumier  or  freezing  point. 
Rut  the  pneent  method  of  making  the  scale  of  iht^e  iber- 
tnomcluni,  which  n the  kind  in  most  common  use,  is  Arst 
toimmerge  the  bulb  of  the  thermometer  in  ice  or  snow 
just  beginning  to  thaw,  and  mark  liio  place  where  the  mer- 
cury stands  with  32  ; then  imuserge  it  in  boiling  water, 
and  again  mark  the  place  where  the  mercury  stands  in  the 
tube,  which  mark  with  the  No.  212,  exceeding  the  for- 
mer by  180;  dividing  ihercfote  tha  iuterreediatc  space 
into  180  equal  parts,  will  give  the  lodc  of  the  iherroume- 
ter,  and  which  may  afterwards  becootinuod  upwards  and 
downwards  at  pleasure. 


Other  Ibcrmomelers  of  a similar  coiuti  uoiion  hav*e  Ix'en 
accommodated  to  common  use*  having  but  u portion  of 
the  above  scale.  They  have  been  made  of  a small  sue 
'and  ]M>r(ablc  form,  and  adapted  with  ap|>rndages  to  pai- 
ticular  purposes ; and  the  tube  with  its  amu'xrd  scab:  has 
oilea  been  enclosed  in  auolhci  thickei  glass  lube,  ulso  her- 
motically  sealed,  to  presi'i  ve  the  tbrnnumeter  from  injury. 
And  al^lhcMvare  called  i'ahicnhcit  s ihcrmoiuet^rs. 

In  1733,  M.  IX'lisle  of  Petersburg  Constructed  a mcr- 
cuiial  therniumelcr  (see  fig. 3,  pi.  3i),  on  the  principles 
ol  Reaumur's  spirit  thermometer.  In  bis  theimumeter, 
the  whole  bulk  of  quicksilver,  when  immeiged  in  boiling 
water,  is  conceived  to  be  divided  into  1(K),(K)0  parts  ; and* 
from  this  one  Axc<i  point  tite  various  degu-i's  of  heal,  eilhcr 
abov'e  ox  below  it,  are  maiked  m tU-se  yuits  on  the  tube 
or  scale,  by  the  various  expansion  or  coniiaction  of  ihr 
quicksilver  in  all  imaginable  varieties  of  heat. — Ur.  Mar- 
tine  apprehends  it  would  have  been  better  if  Dcltsle  had 
made  the  integer  100,000  {urts,  or.Axed  point,  at  frcesiiii; 
water,  and  from  thence  computed  the  dilatations  or  cotX' 
deusalions  of  the  quicksilver  in  those  parts;  os  ail  Tlie 
common  observations  uf  the  w(^ther,^c,  would  have  been 
expressed  by  numbers  increasing  »s  the  heat  increased,  in- 
sli^ad  ui  decreasing,  or  counting  the  contrary  way-  How- 
ever, in  pnu'lici'  it  will  not  be  very  easy  tu  deteiminc ex- 
actly all  the  divisions  from  the  alteiatinn  of  the  bulk  ul 
the  contained  fluid.  And  U'siJi'S,  a>  glass  itR*|f  is  diluted 
by  heat,  though  in  a less  proportion  that)  quicksilver,  it  is 
only  the  excess  uf  the  dilatation  of  the  coniained  fluid 
above  that  of  the  glass  that  is  observed  ; and  therefore’if 
diflercni  kimls  of  glass  be  difleccnily  aflected  by  a given 
di'gree^of  heat,  this  will  make  a seeming  diflercnce  in  the 
dilatations  of  the  quicksilver  in  the  thermometers  con- 
structed in  the  Newtonian  method,  cither  by  Reaumur's 
rules  or  Dciisle’s.  Accordingly  it  has  been  found,  that 
the  quicksilver  in  Delislc's  thermometers  has  stood  at  dil^ 
fereot  degrees  of  the  scale  when  iiiinierged  in  tbawini* 
MOW  : having  stood  in  some  at  154°,  while  iu  others  it 
baa  been  at  156  or  even  158*. 

MetaUic  TiitRMOMXTEE. — This  js  a name  given  to  a 
machine  composed  of  two  meuU,  which,  while  it  indicates 
the  variations  of  heat,  serves  to  correct  the  errors  hence 
resulting  In  the  going  of  pendulum  clocks  and  watches. 
Instruments  of  this  kind  have  been  contrived  by  Crabam, 
la-  Roy,  Rllicot,  Harrison,  aud  other  eminest  ariiAccrs. 
See  the  Philos.  Trans,  vol.  44,  pa.  6S9»  Rod  vul.  45,  pa. 
129,  and  vol.  51,  pa.  823,  where  (he  particular  descrip- 
liuns  dec  may  be  seen. 

M.  Deluc  has  likewise  described  two  thermometers  of 
meloJ,  which  he  uses  for  correcting  the  efiects  of  heat  upon 
a barometer,  and  an  hygrometer  of  his  construction  con- 
nected with  them.  See  Philos.  Trans,  vol.  68,  pa.  4$7. 

Oii  Th  KRMonaTERs.— To  this  class  belongs 
thermometer,  coustructed  in  1701,  with  linseed  oil,  in- 
stemd  of  spirit  uf  wme.  This  fluid  bos  (be  advaytage  of 
being  vuflicientiy  homogeneous,  and  capable  of  15  tiroes 
greater  rarefaction  ihau  (hat  of  spirit  of  wine.  It  has  not 
bcsiii  obeerved  to  freexe  even  in  very  great  colds;  and  it 
susiaiiia  a great  hext,  about  4 times  that  of  water,  before 
it  buiU.  Uiih  these  adtautages  it  was  made  use  of  bv 
Sir  I.  Newton,  who  diseovered  by  it  the  comparative  d^ 
gtee  of  heat  for  boiling  water,  mi  lting  wax,  boiling  spirit 
of  wine,  and  mehiag  uu ; beyond  which  it  dues  not  ap- 
pear that  thermooieter  was  applied.  The  method  be 
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u»t'd  fi<r  adjuwnng  the  scale  uf  thin  oil  tbermomrlcry  was 
as  tollnus  : »up|<osing  tbo  bulb»  when  immerued  in  thaw* 
lug  %nvWf  to  C'>ntain  10,OOU  parts,  he  found  the  oil  ex* 

• puuded  by  the  heat  of  the  huronu  body  so  as  to  take  up  a 
J;)th  more  space,  or  10256'  such  pans;  and  by  the  heat 
ut  water  botlinj^ strongly  10/25  ; and  by  the  heat  uf  melt* 
iog  im  11316'.  So  that,  reckoning  the  I'rcvxin^  point  us  a 
coiiioton  limit  br  tween  heut  und  Cold,  he  bagaii  scale 
there,  marking  it  0,  and  the.  heat  of  the  human  body  ho 
iimde  12^;  and  consoi|uently,  the  degrrt's  of  heat  l^ing 
prujHirtionai  to  the  degrees  of  rurefuction,  or  236' : 7'<iS  : : 
rj  : 34,  this  number  34  will  express  the  heal  of  b«>iling 

Vaier;  and,  by  the  same  rule,  72  that  of  melting  tiu. 
Philo'.  Trans.  No.  270. 

ihere  is  un  utsuperable  inconvenience  attending  uU 
thennorneters  made  with  oil,  or  any  ttther  viscid  duid,  viz, 
that  such  li<|Uor  acnien'S  too  mucK  to  tlie  sides  of  ilie  lul'C, 
and  so  inevitably  disturbs  the  regularity  and  uiiitoriuity 
uf  the  thcrmnmelcr. 

fke  Ared  piunU  Tiiermometehs.— Various  me- 
thods have  been  propo^il  by  ditferent  authors,  fur  (iuding 

• a Ii.xc4i  point  or  dci^rcc  of  heat,  from  which  to  reckon  the 
other  degrees,  and  adjust  the  scale;  so  tliut  ditlerent  ub- 
H’rvatiuns  and  insirumenU  might  be  compared  together. 
Mr.  Hoyle  was  vTry  sensible  of  the  inconvenicncies  ariaiog 
from  the  vvknt  of  » universal  sculc  and  mode  uf  gradua* 
tion  ; and  he  pruposed  either  the  freezing  of  the  essential 
oil  of  aniseeds,  or  of  distilled  water,  as  u term  to  begin  the 
numbers  at,  and  from  thence  to  graduate  them  according 
to  the  prop'irtional  dilatations  or  contractions  of  the  in- 
cluded spirits. 

Dr.  Halley  (Philos.  Trans,  vol.  3.)  sr<*m5  to  have  bpcn  fully 
apprised  of  the  bad  crtects  of  the  indefinite  method  of  con- 
structing thurmometers,  and  wishe«i  to  have  them  adjusted 
to  some  determined  points.  What  he  seems  to  preler,  for 
this  purpose,  is  the  degree  of  temperature  found  in  subter- 
ranean places,  where  the  hrat  in  summer  or  cold  in  winter 
appears  to  have  no  intluence.  But  this  degree  of  u-m- 
perature.  Or.  .^!arIine  shows,  is  a term  for  thr  universal 
construction  of  thermometers,  both  inconvenient  and 
precarious,  as  it  cannot  be  easily  ascertained,  and  as 
the  dirii'rcnce  uf  soils  and  depths  may  occasion  a con- 
siderable variation.  Another  term  of  heal,  tvhich  he 
thought  might  be  of  use  in  a general  graduation  of  ther- 
mometers, h that  of  boiling  spirit  of  winu  that  has  btrii 
highly  rectilied. 

The  first  trace  (lint  occurs  of  the  method  of  actually 
applying  fixed  points  or  terms  to  the  thermometer,  and 
of  graduating  it,  so  that  the  unequal  divisions  of  it  mii:ht 
corre»jK)nd  to  equal  degrees  of  heal,  is  the  project  of  Re- 
naldiin,  professor  at  Padua,  in  I6p4  : It  is  thus  described 
in  the  Acu  Erud.  l.ips.  Take  a slender  tube,  about  4 
p.vims  long,  with  a ball  fastened  to  the  same ; pour  into 
it  spirit  of  wine,  enough  just  to  fill  the  bail,  when  sur- 
roumh'd  with  ice,  and  not  a drop  over:  in  this  state  seal 
the  orifice  of  the  tube  hermetically,  and  provide  12  ves- 
H*U,  each  capable  of  containing  a pound  of  water,  and 
somewhat  more;  and  into  the  first  pour  1 1 ounces  of  cold 
water,  into  the  second  10  ounces,  into  the  third  P,  &c  ; 
^his  done,  immerge  the  thermometer  in  the  first  vessel,  and 
pour  into  it  one  ounce  of  hot  water,  observing  how  high 
the  spirit  rises  in  the  tube,  and  noting  the  point  with 
unity  • then  remove  the  thermometer  into  the  second  ves- 
into  which  are  to  be  poured  2 ounces  of  hot  water. 


and  note  the  place  the  spirit  rises  to  with  2 : by  thus  pr'i* 
ceeding  till  \hu  whole  puuud  of  water  is  spent,  the  insiru- 
meiil  w ill  be  found  divided  into  12  parts,  demiting  so  many 
terms  or  di^rocs  of  heal;  so  that  at  2 the  heat  is  double 
to  thut  at  I,  at  3 triple,  &c.” 

But  this  method,  though  plausible,  Wolfius  shows,  is 
deceitful,  and  built  un  false  suppositious  ; iur  it  takes  fur 
granted,  that  wc  have  unp  degree  uf  heat,  by  adding  one 
ounci^  of  hot  water  to  1 1 of  cold  ; two  degri%s  by  uuding 
2ounce»tu  iC,  ^c':  it  supposes  also,  thut  u sitiule degree 
of  heat  acts  on  the  spirit  of  wine,  in  the  ball,  with  a single 
force  ; u double  wuh  a double  force,  fire:  lastly  it  sup- 
poses, that  if  the  cfieci  be  piuduccd  in  the  ihermumcler 
by  the  heat  of  the  ambient  air,  which  is  here  produced  hy 
the  hot  fi.iter,  the  air  has  the  same  degree  of  hc^l  with  the 
water. 

boon  alter  this  project  of  Ueualdiui,  viz,  in  1/01,  New- 
ton constructed  his  oil  thoruiuiueter,  and  placed  the  base 
or  lowest  fixed  point  of  his  scale  at  the  Uunperalurc 
of  thawing  snow,  and  12  at  that  of  the  human  body» 
&c,  us  above  c.NpUincd.*— D.eiuc  observi'S,  that  the  2d 
teim  of  this  scale  sluiuld  haw  been  at  a greater  distHtice 
from  the  tint,  ami  that  Ihu  heat  of  boiling  water  would 
hitve  answered  ihe.puiposc  better  liiau  that  ul  the  human 
body.  0 

111  1702,  Amontonsconlrived  his  universal  thermometer, 
the  scale  of  which  was  graduated  in  the  fuUuwiog  man- 
ner. He  chose  fur  the  first  term,  the  weight  that  coun- 
terbalanced the  air  included  in  his  thermoim  ter,  when  it 
was  healed  by  boiling  water : and  in  this  staie^e  so  ad- 
justed the  quantity  of  mercury  contained  in  it,  till  the  suns 
of  its  height  in  the  tube,  and  of  its  height  in  the  barometer 
at  the  moment  of  observation,  was  equal  to  73  i»chi>$. 
Fixing  thif  number  at  the  point  to  which  the  nKTCitry  in 
the  tube  rose  hy  plunging  it  in  boiling  water,  it  is  evident* 
that  if  the  b.'irorocUT  at  this  time  whs  ut  25  inches,  t)ic> 
height  of  the  column  of  .mercury  in  the  ihermometer, 
above  the  level  of  tliat  in  the  bail,  was  43 inches;  but  if 
the  height  of  the  bar«>metei  was  less  by  a certain  quantity, 
the  column  of  the  ibennomcier  ought  to  be  greater  by  the 
same  quantity,  anti  u'ciprucally.  He  fornx'd  his  scale  on 
the  supposition,  that  the  weight  of  the  atmuspbere  was  al- 
ways equal  to  that  of  a column  of  mercury  uf  28  inches, 
and  he  divided  it  into  inches  from  the  point  75  donn- 
ward,  marking  the  divisions  with  72,  71*  70,  &c,  und 
subdividing  the  inches  into  lines.  Bui  os  the  weight  of 
the  aimoHpliere  is  variable,  the  barometer  must  beubsei  ved 
at  the  same  time  witJi  (he  (lurmomeCer,  that  the  number 
indicated  by  this  lust  inslruiuem  muy  be  properly  cor- 
rected, by  adding  or  subtracting  ihe  quuniity  which  the 
mercury  is  below  or  above  28  inches  in  iliu  barometer. 
In  tbi>  scale,  then, the  freezing  point  is  at  31  i inches,  cor- 
responding to  32  drgn'es  of  Fahrenheit,  and  the  heal  of 
boiling  water  at  75  inches,  answering  to  212  of  Fahreii- 
heis's ; and  thus  they  may  bv*  easily  compared  lugether. 

The  fi.xed  points  of  Fahrenheit's  iheriounietcT,  as  has 
been  already  observed,  are  the  coagelatkm  produced  by 
sal  ammoniac  and  the  lii^at  uf  boiling  wuier.  The  inter- 
val between  these  points  is  divided  into  212  equal  parts  ; 
the  former  of  these  points  being  marked  O,  and  the  other 
212. 

Reaumur  in  his  thermometer,  the  coDstruciiou  u/  which 
be  published  in  1730,  begins  his  scale  at  an  artificial 
congelation  of  water  in  warm  weather,  which,  is  he  usc^ 
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Fhi'p*'  Hiilb»  i'<i»r  his  eld.s«ei,  £>iv<-s  ihc  fri>cxing  point  much 
higher  ibnii  >(  ohuuhl  Ih*,  und  boiling  he  marks 

80  (irgrm,  which  pmni  Dr.  \lariine  thinks  iv  more  vague 
ihmI  iiitcerlRiii  iImo  in'*  freezing  |K>inr.  In  order  lu  ih-icr* 
iiime  ihu  currespoitiliMiCe  ut  ni»  senh*  with  ihut  <>t  Fail* 
fx*nh4-it,  rt  IS  lo  b<*  considered  that  hu  hoiline  \tatcr  heal, 

rvuHv  only  (ho  boiling  hent  of  weakeiicil  spirit  ol  wim% 
c«dncniing  nearly,  an  Dr.  Martme  appreliemls,  wiili  F:m- 
rviiheu’s  iKi)  (legret.s.  And  hs  his  10(  degrees  is  the 
coiuiant  hoiit  of  tht*  cave  of  the  obsiTvntory  at  Kiris,  or 
Fahrenhiits  5J  , he  thence  limH  his  freezing  point,  in* 
stead  ot  aiisMering  just  to  In  be  somewhat  nbove  • 

In  (h  lsius'v  iliermoiuetcr  (cahihitrd  in  pliilv  d^i  He.  8), 
which  IS  mercurial,  the  lao  lixid  terms  arv  the  degiic  at 
which  ICO  l^eiiMis  (i>  lluw,  and  (hat  whibh  answers  lo 
tho  hi-iit  of  boding  u.tter.  I’he  mtcrsal  betwirti  theso 
(WO  limits  is  divided  into  a hundred  er|UMl  parts,  and  the 
aero  of  (bo  scaic*.  which  i«  the  inferior  limit,  cr>rresp>nds 
to  td'  Fahioitheit;  so  that  9 drgret's  of  Fahrenheit's 
sc'alo  are  equivah-nt  lu  5 degrees  of  Celsius's.  'J  hls  (her- 
imnni-ier  is  now  generally  called  the  Centigrade  (her* 
momefor. 

Delofc^  thermometer,  ati  account  of%hich  ho  present* 
od  to  the  IVtcrsburg  Academy  in  1733,  has  only  one  tixe«i 
puiht,  which  is  the  heat  of  iHiiling  water,  and,  contrary 
lo  the  common  onicr,  the  srseral  d«gn*es  ore  marked 
from  this  point  downward,  accordrng  to  ibe  coiidcnsatJons 
of  the  contained  quicksilver,  and  consequently  by  num- 
bers increasing  as  the  beat  decimses.  The  freezing  point 
of  Delisle’s  scale.  Dr.  Mnrtiiie  makes  near  to  his 
corresponding  to  Fahrenheit’s  .It®,  by  moans  of  which  they 
may  bi<  compared;  bnt  Durn*»t  says,  that  this  point  ought 
to  be  muikcd  lit  least'at  15V. 

Duercsi.  in  hts  spirit  thermometer,  constructed  in  1740, 
made  uee  of  two  Axed  points ; the  first,  or  0,  indicated 
the  temperature  of  tho  earth,  and  was  marked  on  his 
scale  in  the  ca\e  of  (ho  Fans  ObM'rvatory  ; and  the  other 
was  tho  hebt  of  boiling  water,  which  that  spirit  in  his 
thermometer  was  made  to  endure,  by  leaving  tli<'  upper 
part  of  the  tube  full  of  air.  Me  dividetl  the  interval  be* 
tween  these  points  into  100  equal  parti ; calling  the  divi- 
sions upward,  degrees  of  heat,  and  tb<ne  below  O,  degttx*s 
of  cold. — It  is  suid  that  he  hax  since  regulakxl  his  iher* 
inometer  by  the  degree  of  cold  indicated  by  melting  ice, 
which  he  lound  to  l>e  10^. 

The  Florentine  ibennnmeters  were  of  two  kinds.  In 
one  v>rl  the  freezing  p<»int,  deiertmned  by  the  degree  at 
which  the  spirit  stinnl  in  the  ordinary  cold  of  icaor  snow 
(probably  in  a (hawing  state)  and  rniocidiiig  with  32®  of 
Fahrenheit,  fell  at  and  in  the  other  kind  at  13|. 

And  the  naruial  heat  of  the  viscera  of  cows  and  deer,  &c, 
raised  the  j-pirit  in  the  latter,  or  less  sort,  lii  about  40°, 
coinciding  with  (heir  summer  heat,  ami  iumtIv  with  102® 
in  Fahrenheit's*,  and  in  their  other  c»r  long  thrnn<»tneter, 
the  spirit,  when  exposed  to  the  grenl  midsummer  heat  in 
(heir  country,  ro^  to  the  |>oin(  at  which  they  marked  80®. 

In  the  iheriiiomi  ter  of  the  Paris  Observatory,  made  of 
•ptril  of  wine  by  Ijihire,  the  fluid. always  stands 'at 
4S  III  (he  cave  of  (he  observatory,  correiponding  to  53 
«lrg!<x'S  in  Fahrenheit’s;  and  his  2K®  correspomlrtl  with 
51  inches  fi  lines  in  Amontons*  thermometer,  and  consc* 
quentiv  with  Ihc  freering  point,  or  32®  of  KahrenheiPs, 

In  I'oirm’s  thermometer,  made  after  the  munner  of 
Amontons’,  hut  with  Iris  mercury,  47  inches  correspond- 
etl,  according  to  Dr.Martim*,with  51  in  that  of  Ainoiitons, 
and  53  wiih  59I. 


In  the  standard  thermometer  of  the  Uoyal  Society  or 
Loudon,  according  to  which  ihcnuometers  w^re  for  a 
long  lime  constructed  in  England,  Dr.  Marline,  found 
that  degrees  answered  to  04^  in  Fahrenheit,  and  0 
(>•  89. 

Ill  (he  thermonu tc-rs  graduati*d  fur  adjusting  the  de- 
grees ut  heal  proper  lor  exotic  plants,  dec,  in  stoves  and 
grivnlmuses,  the  middle  temperature  of  the  air  is  marked 
at  0,  und  the  degrees  of  hr-at  and  cold  are  numtierrd 
both  above  and  IkIow.  Many  uf  these  are  made  on  no 
regular  and  ti.xed  principles.  Hut  in  that  formerly  much 
used,  calltsl  Fowler's  regulator,  the  spirit  ltdl,  111  im  litng 
snow,  to  about  34*  brlow  0;  and  Dr.  Marline  lound  lhat 
Ills  l(i®  above  O,  nearly  ruincidcd  with  Ok®  <>l  Fahren- 
heit. 

Dr.  Hales  (Statical  t>ays,  vol.  l,pa.  58),  in  his  tlu-r* 
iiiciinrler.  made  with  spirit  of  wine,  and  UM*d  in  expiii- 
niciUs  on  U’gaii  bis  scale  with  ihe  Idwnl  de* 

gux;  of  irreziug,  or  32*  o(  Kabrenbeit,  and  carricii  it  up 
to  100°,  which  he  marked  wh«  n- the  spirit  stood  w hen 
the  ball  was  healed  in  but  water,  \ipon  which  some  wax 
floating  (ir<l  began  to  coagulate,  und  thiv  point  Dr.  Marv 
tine  found  to  correspond  with  of  Kaiirenheit.  But 

by  experience  it  is  found  that  Hales’s  ItX)  falls  cwiiider- 
ably  above  142. 

In  (he  F.dinburgb  thermometer,  made  with  spirit  of 
wine,  and  used  in  the  mcK'orological  obscrvdtioru  pub 
lishcd  in  the  Medical  Knays,  the  scale  is  divided  into 
inches  and  tenths.  In  meitiii^  snow  the  spirit  stood  at 
8jK,  and  (he  heat  of  the  human  skin  raised  it  to  22-jV 
Dr.  Martinc  found  that  the  heat  of  the  person  who  gra- 
duated it,  was  97  of  Fahrenheit. 

The  Aew  Fjench  therniomeur,  called  the  Centigrado 
Tliermometcr,  contains  loo  degrees  between  the  freezing 
and  iHiilmg  points  of  water;  ami  those  degrees  further 
divided  decimally  by  a vernier,  &c. 

F'rum  die  abstract  of  the  history  of  (hr  construction  of 
(bermomcicrs  it  appears  that  frei^ing  and  Imilmg  water 
have  furnished  the  <lislin»uishing  points  lhat  haw  been 
marked  upon  almost  all  ih*  rmometers.  The  inferior 
Axed  point  is  that  ol  fret*«inff,  whiebsome  have  determined 
by  the  freezing  «»f  wnler,  and  others  by  the  meltihg  of  jee, 
plunging  the  bull  uf  (he  tbermometcr  into  the  water  and 
ice,  while  mrlimg,  which  is  llir  bi’sl  way.  The  suiwrior 
point  of  almost  all  ihermometers.is  the  heat  ol  iKiil- 
ing  wulrr.  But  this  point  cannot  be  considered  as  li.xt-d 
and  certuin,  unless  Ihe  heat  be  produced  by  the  same  do- 
giTT  of  boiling,  and  und«*r  the  same  weight  of  the  atmo- 
sphere ; for  It  is  found  that  (hr  higher  the  hornmetcr,  nr 
(he  heavier' the  utmuBphere,  the  greater  is  Ihe  hi  at  when 
the  water  boils.  It  11  now  agreed  tbrn*fore  that  (he  ope- 
ration of  plunging  the  ball  of  (be  ihcrmorarter  in  the 
boiling  water,  or  suspending  it  in  ihc  ttcum  of  the  same 
in  an  en<  losed  vi*sh*1, should  be |>ei formed  when  the  water 
boils  violently,  and  when  (he  baroineti  r stands  at  30 
English  inches,  in  a leinperalurf  of  53®  of  the  atmo- 
sphere, marking  the  height  of  the  llu  rmmnetcr  then  for 
the  dt^rre  of  212  of  Fahrenheit;  the  point  of  melting 
icc  bting  32  of  the  same  ; thus  having  180  degrees  be- 
tween those  two  fixed  points,  xo  determined.  This  was 
Mr.  Bird’s  method,  who  it  is  appithended  tirsl  attended 
lo  the  state  of  the  barometer,  in  the  makii^  of  thermo- 
meters. But  these  instruments  may  be  made  equally 
(me.uodcr  any  pressure  of  the  atmosphere,  by  making  a 
proper  allowance  fur  the  difference  in  the  height  of  the 
barometer  from  30  inches.  M.  Deluc,  iq  his  Acchcrchos 
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»ur  lei  Mod.  dv  i‘Atnio«ph(»rr,  from  a scries  of  cxfx*n-  The  Ro^al  S^iricty  too,  fully  sensible  of  the  import* 
merits,  l^s  ^uvn  no  cquuiioit  fur  the  allowance  on  ac-  ance  t.f  adjusting  the  tiM.^  pointa  of  thermometers,  ap* 
count  uf  ibi*  tli^erencT,  in  Pans  measure,  which  has  been  pointed  u conmiittce  of  seven  gentlemen  to  consider  of 


veriticil  by  sir  George  ShucLburgh,  Philos.  Tians.  1773 
and  17711;  also  Dr.  Horsley,  Dr.  Ma.skelyiK,  andsir(*eorge 
Sliuckbuigk  have  adapted  the  cquatiun  nmi  rules,  to 
English  Dieasures,  and  have  reduced  the  allnwaiices  into 
tuUes  for  the  u»c  of  the  artist.  Dr.  Horsley's  rule,  tie* 
dueed  from  DWuc‘s,  is  this:  tog. c — = 

A,  vriicre  A detiutes  the  height  of  a thermoiiietcr  plunged 
in  boiliag  water,  above  the  of  melting  ice,  in  dc< 
greev  of  Bird's  rabrenheit,  and  z the  height  of  the  ba- 
rometer in  lOths  of  an  inch.  From  this  rule  he  has  com- 
jiuted  the  following  table,  for  hading  the  hi  igbls,  to  which 
a good  Bird’s  Fahrenheit  will  hs(‘,when  inimersi*d  in  boil- 
ing water,  in  all  states  of  the  barometer,  from  127  to  31 
Ef^lish  inchea ; which  will  serve,  among  other  uses,  to 
direct  instrument-makers  in  making  a true  allowance  for 
the  effect  uf  the  variation  of  the  barometer,  if  they  should 
be  obliged  to  finish  a ihennometer  at  a time  when  the  ba- 
rometer is  above  or  below  30  inches;  though  it  is  best  to 
fix  the  boiling  point  when  the  barometer  is  at  that 
height. 

• Equation  qf  the  BoUinn  Point.  > 


UofUtiirtrr. 

£i|U«(ii>n. 

DilTc-tPtK'p. 

310 

•f-  V57 

0-78 

305 

*■  0-79 

<)-79 

300 

000 

0-80 

29-3 

— 0‘«0 

0«2 

29K) 

- 1-62 

0‘R3 

28-5 

- 2*45 

0-85 

28*0 

“ 331 

' 0*86 

ar-3 

- 

0*88 

27*0 

- 5 04 

The  numbers  in  the  first  column  of  this  tabic  c.xpress 
heights  of  the  quicksilver  in  the  barometer  in  F.nglish 
inches  and  decimal  parts : the  2d  column  shows  the  equa- 
tion to  be  applied,  according  to  the  sign  prefi.xcd,  to  212*^ 
uf  Bird’s  Fahrenheit,  to  find  the  true  boiling  poin|  for 
every  such  state  of  the  barometer.  The  boiling  piiint  for 
hU  inU'rmctliate  slates  of  the  barometer  may  be  had  with 
sullicicnt  licciiracy  by  taking  propuitiuna)  parts,  by  means 
of  the  3d  column  of  dilTcrcnces  of  the  equations.  Sec 
Philos.  Trans.  vol.6'<f,  art.  30;  also  Dr.  Maskelync’s  paper, 
vol.  64,  art.  20. 

Sir  Geo.  Shuckburgh  (Philos. Trans,  vol.  6*),  pa.  S62) 
has  also  given  several  tables  and  rules  relating  to  the  boil- 
ing point,  both  from  his  own  observations  and  Dcluc’s, 
from  which  is  cjctracted  the  following  table,  fur  the  use  of 
artists  iu  constructing  the  thermometer. 


Hficht  of 
the  Bscom. 

Corr.  of  (h<^ 
Butlinc  PoiiBt. 

DiBitfrnre*. 

Comet,  scconl. 
to  D«tuc. 

OiffpreDce*. 

26-0 

- 7-09 

091 

- 6'-83 

090 

265 

- 6-18 

0‘9i 

- 3-93 

0’89 

270 

- 3-27 

0*90 

- 5*04 

0-88 

27-S 

- 4-37 

0*89 

— 4- 16 

0-87 

28*0 

- 3 48 

0-89 

- 3*31 

0-8S 

^ 28  i 

- 2-59 

0*87 

r-  2*45 

0-83 

29  0 

- 1-72 

0‘87 

- i -e* 

0*82 

i.«SS 

- 0*83 

085 

- 0-80 

0-80 

'3(n 

000 

0 83 

000 

0-79 

30-3 

-►  0-85 

0-84 

-<•  0-79 

078 

31-0 

-t-  1-60 

1-37 

• 

the  best  method  for  this  purpose ; and  their  report  may 
be  seen  in  the  Philos.  Trans,  vol.  67*  art.  37. 

Till')  observe,  that  though  the  boiling  point  be  placed 
Mijnuch  Itighi-r  on  some  of  the  thermometers  now  made, 
than  on  others,  yet  this  doc|  not  produce  any  cunsidar- 
able  error  in  the  observations  of  the  weuUier,  at  least,  in 
(bis  climate;  for  an  error  of  1|  degree  in  the  posiiiou  of 
(he  boiling  point,  will  make  an  error  only  of  half  a dc- 
>gree  in  the  position  of  92%  and  of  not  more  than  u quar- 
ter of  a degree  in  the  point  of  62®.  It  is  only  in  nice 
experiments,  or  in  trying  the  heat  of  hot  liquors,  that 
this  error  in  the  boiling  point  can  be  of  much  sigDihea- 
tioii. 


In  adjusting  the  freezing,  as 
well  as  the  boiling  point,  the 

Hc«<  of^the 

Cdmctmti. 

quicksilver  in  the  tube  ought  to 

Air7 

i>e  kept  of  the  same  heat  as  that  in 

42® 

•00087 

the  ball.  When  the  freezing  point 

52 

•00174 

ti  placed  at  a cunsideralc  distance 

62 

•00261 

from  the  ball,  #ie  p'junded  ice 

72 

•00348 

should  b<‘  piled  up  very  near  to  it; 

82 

•00435 

if  it  be  not  so  piled,  then  the  ob- 

• 

served  point,  to  be  very  accurate,  should  be  corrected, 
according  to  the  annexed  table. 


The  curixiction  in  (his  table  is  cxpressid  in  lOOOtb 
parts  of  the  distance  between  the  freeing  point  and  the 
surface  uf  the  ice:  ex.  gr.  if  the  freezing  point  stand  6' 
inches  above  the  surface  of  the  ice*  and  tlie  heat  of  (be 
room  be  62,  then  the  point  of  32  should  be  placed  6 x 
*0026J,  or  *01A66  of  an  inch  below  the  observed  point. 

The  committee  further  observe,  that  in  c.xamimng  the 
beat  of  liquors*  care  should  he  taken  that  the  quicksilver 
in  the  tube  of  the  thermometer  be  heated  to  the  same  de- 
gree as  that  in  (he  ball ; or  if  this  cannot  be  done  coovc- 
nicnlly,  the  observed  heat  should  be  corrected  on  that 
account;  iur  the  manner  of  doing  which,  and  a table 
calculated  fur  that  purpose,  see  Philos.  Trans.  vuU  6/y 
art.  37- 

It  was  for  some  time  thought,  especially  from  the  pxpe« 
rimonls  at  Petersburg,  that  quicksilver  suffered  a cold  of 
several  hundred  degrees  below  0 before  it  congealed  and 
became  fixed  and  malleable  ; hut  later  experiments  have 
shown  that  this  persuasion  was  merely  owing  to  a decep- 
tion in  the  experiments,  and  later  om^s  have  made  it  ap- 
pear that  its  point  of  congelation  is  no  lower  than  — 40*^, 
or  rather  — 39°,  pf  Fahrenheit’s  scale.  But  that  it  will 
bear  however  to  be  cooled  a few  degrees  below  that  point, 
to  which  it  Ica^s  up  again  on  beginning  to  congeal;  and 
that  its  rapid  descent  in  a thermometer,  through  many 
hundred  degrees,  when  it  has  once  passed  the  above-men- 
tioned limit,  proceeds  merely  from  its  great  coiitruciioii  in 
the  act  of  freezing.  See  Philos.  Trans,  vol.  73,  art.  *20, 
20,  21. 

JifisceUnitrou*  Olaervationt. 

It  is  absolutely  necessary  that  those  who  would  derive 
any  advantage  from  these  instruments,  should  agree  in 
using  the  same  liquor,  and  in  determining,  according  to 
the  same  method,  the  two  fundamental  points,  if  (hey 
agree  in  these  fixed  {loints,  it  is  of  no  great  importanc« 
whether  they  divide  the  interval  between  them  into  a 
greater  or  a less  number  of  equal  parts.  'Hie  scale  of 
Fahrenheit,  in  which  the  fundamental  interval  between 
212®,  the  point  of  boiling  water,  and  32®  liiar  of ‘melting 
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let'*  i»  divided  intu  tdO  fiartv,  should  be  retained  in  the 
norilicrn  cuiintriti,  Miberc  F<ihrerheit‘s  iheroioiueter  is 
fiv  d : and  ihc  scale  in  which  the  lundanvcnlal  interval  is 
divided  inia  80  partSi  will%;rvc  for  those  countries  where 
Ki'aumur's  thrrinoinetrr  i**  adopied.  But  m>  lncou%e- 
im-ncci^tu  be  upprchi  ndeti  Irom  varying  the  scale  lor  pur- 
ticutpr  uses,  provided  care  be  lakeii  to  si^'iiity  into  what 
uuinber  ol  parts  the  fundamental  interval  is  divided,  ami 
the  point  wheie  0 is  placed. 

With  regard  to  the  choice  of  tubes,  it  is  best  lo*havc 
Iheiii  r.\ncily  cylindrical  through  their  whole  Icngtli. 
The  capillary  tuU‘S  me  preferable  to  otheis,  because  they 
n t^uirv  smaller  bulbs,  ami  they  are  also  mure  sensible, 
and  liss  brittle.  '1  he  most  convenient  site  for  common 
ex|>enmenia  lu«  the  internal  diameter  about  the  40lh  or 
60th  of  an  ipcli,  about  9 inches  long,  aud  made  <U  thin 
glass,  that  the  rise  and  fall  of  the  mercury  may  be  better 

SCCMI. 

For  the  whole  process  o^fiiiing,  marking,  and  graduating, 
see  Drluc's  Kecbcrcbes  &c,  turn.  1,  pa.  393,  ^c. 

To  change  the  Dcinres  qf  one  Thermometer  to  another. 

The  most  usu«l  tin  i moroeters  employed  in  Europe,  are, 
Fahrenheit’s,  Heaumur’s,  nnd  the  new  French  or  t’emi- 
grade.  Now  the  range  or  space  on  the  tube,  between 
the  points  of  freezing  and  boiling  waiter,  in  the  first  is  di> 
sided  into  IKO degrees,  in  the  second  HO.  and  in  the  lust 
100,  which  three  numbers  are  m the  proportion  of  the 
three  9,  4,  5 ; by  means  of  which  small  proportional 
numbers,  therefore,  any  number  of  degree*  of  one  of 
these  scaU*s,  is  easily  changed  iqto  thr  corresponding 
number  of  either  of  the  others ; vri,  by  saying,  as  the 
pr«>portional  number  of  the  latter,  is  to  that  ol  the  tormor, 
so  1$  the  prnposi'd  ilegrces  of  the  former,  to  those  on  the 
latter  : observing,  however,  thalMhrn  Fahrenheit's  is  one 
of  the  thermomcleis  compared,  which  begins  with  ,lhc 
frei'iing  point  at  S'J,  where  the  other  two  bigin  with  0, 
then  the  degrees  of  Fahrenheit  must  be  diminished  or  in- 
creased by  3‘<^,  nrtlfc  case  may  require. 

Also  the  same  may  be  done  by  the  following  simple 
theorems;  in  which  R denotes  the  drgrevt  in  Kraumur's 
scale,  r those  of  Fahrenheit’s,  and  c those  of  the  Centi- 
grade thermometer. 

I p = J a -f  32  = ? c 32. 

1? R = ^(r  - 32)=  4C. 

3 c = i(r  - 32)=  i R. 

Erp^imenu  uUh  Tiicrmometcr*. 

The  following  is  a table  of  some  observations  made 
with  Fahrenheit’s  thermtimeter,  the  barometer  slauditig  at 
29  inches  or  little  higher.  « 

At  bOO^  Mercury  bulls. 

646  Oil  of  Vitriol  boils. 

242  Spirit  of  nitre  built. 

240  Lixivium  of  tartar  boiU. 

213  Cow’s  milk  boils. 

212  Water  boils. 

206  Human  urine  boils. 

190  Brandy  boils. 

173  Alcohol  boils. 

* 15b  Serum  of  blood  and  while  of  eggs  harden. 

146  Kill*  animab  in  a few  minutes. 

103  to  99,  Hens  batch  eggs. 

107  (Heat  of  skia  in  ducks,  geese,  hens,  pigeous, 

103  1 partridges,  and  swallows, 

106  Heat  of  skin  to  a cotnmoa  ague  and  fever. 


103  ( llcat  of  skin  in  dogs,  cals,  sheep,  oxen, swine, 
100  \ and  most  other  quadrupeds. 

99  (o  92,  Heat  of  the  human  skin  in  health. 

97  Heat  of  a swarm  of  bees. 

9<>  perch  (lied  in  J iDiuutes  in  water  so  warm. 

3o  Heat  oi  uir  m the  shade,  in  very  hot  weather. 

74  Butler  begma  to  melt. 

f»4  Hem  of  air  in  the  shade,  in  warm  weather. 

53  Meun  temperntuie  i>l  air  in  England. 

43  Oil  of  I livis  bi'gins  to  stitK-n  and  grow  opake. 

/ Water  just  treeziiig,  or  snow  and  icc  just 
\ mekiiig. 

30  Milk  frectes. 

2H  Untie  aud  common  vinegar  freeze. 

25  Blood  mil  of  the  body  freezes, 

20  Burgundy,  Claret,  and  Madeim  freeze. 

. (Greaiesl  Cold  in  Fennsvlvania  in  1731-2, 

' I Isl.  40”. 

Greatest  cold  at  Utrecht  in  1728-9- 

^ (A  mixture  i>f  snow  and  salt,  which  can  freeze 
( oil  of  tartar  per  dcliquiuro,  but  not  brandy. 

— 39  Mercury  freezes. 

Marline's  Essays,  pa.  284,  Sec. 

On  ihc  genera)  subject  ot  ibeimomclers  also  sec  .Mar- 
line’s F.ssays,  Medical  and  PhilusopInCAl.  Desaguiiers’s 
Exp.  Fhil.  vul.  2,  pa.  289*  Mussriieubrueck's  Int.  ad 
Fhil.  Nat.  vol,  2,  pa.  623,  rd.  1/62.  l>eluc's  Kecbercbcs 
sur  i(s  .NIodif.  &c,  torn.  I,  part.  2,  ch.  2.  Nuilcl’s  Le- 
mons de  Physique,  lorn.  4,  pa.  373. 

TlikRMuMKTRRs  /oT  partuvlor  aicz.—ln  1737,  lord 
Cavendish  presenied  to  the  Royal  Soenty  an  account  of 
a curious  construction  of  theinnitnciers,  of  two  diflcri  nt 
forms : one  contrived  to  show  the  greatest  degrer  of  heat, 
and  the  other  the  grraUst  cold,  that  may  happen  at  any 
limv  III  a person’s  absence.  Philos.  Trans,  vol.  30,  pa. 
300. 

Since  the  publication  of  Mr.  Canton's  discovery  of  the 
compressibility  of  spirits  of  wine  nnd  other  fluids,  ihero 
arc  two  corrections  necessary  to  be  mado  in  the  result 
given  by  loid  Cavendish's  thermometer.  Fur  in  estimating, 
for  instance,  the  temperature  of  the  sea  at  any  depth,  the 
llurmomcter  will  appear  to  hav'e  been  colder  than  it 
really  was:  and  besides,  the  expansion  of  spirits  of  wine  * 
by  any  given  number  of  degrees  of  Faliieiiheit's  thermo- 
meter, IS  greater  in  the  highef  decrees  than  in  the  lower. 
For  the  method  of  making  these  two  correclions  by  Mr.“ 
Cavendish,  ICC  Phipps’s  Voyage  to  the  North  Pole,  pa.  145. 

InsCrumcnls  of  this  kind,  for  determining  the  degne  of 
heat  or  cold  in  the  absence  of  the  obM*rvcr,  have  b^ii  in- 
vented aud  described  by  others.  Van  bwiodcn  (Uiw.  sur 
la  Comparaison  du  Therm,  pa.  253  Stc)  describes  ona, 
which  he  sa)s  was  the  first  of  the  kind,  made  on  a plan 
communicated  by  Bernoulli  to  Leibnitz.  Mr.  Kraft,  he 
also  informs  us,  made  one  nearly  like  it  Mr. Six  has, 
in  1782.  proposed  another  construction  of  a thermometer 
of  the  same  kind,  described  in  the  Philo*.  Trans,  vol.  72, 
pa.  72  \c. 

.M.  Ui-luc  has  described  the  best  method  of  construct- 
ing a thermometer,  fit  for  determining  the  temperature, of 
ihc  air,  in  the  measuring  of  heights  by  the  barometer.  He 
has  also  shown  how  to  divide  the  scale  of  a thermometer, 
so  as  to  adapt  it  for  astronomical  purposes  in  the  observa- 
tion of  refractions.  Sec  Rechcrchcs  3cc,  tom.  2,  pa.  35 
and  203. 

Mr.  Carallo,  in  1781,  proposed  the  consiruction  of  a 
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Thi  nnomctrical  Baromcicr,  which,  by  means  of  boiling 
nairr,  misht  indicnte  the  varioiu  gravity  of  the 
tfihuTc.  or  the  height  ut'  the  barumiior.  This  thermo* 
mci'-r.  he  uhservet,  with  its  appaiwlus.  might  h*'  packod 
up  HitoA  onail  portable  box,  and  srrvt-  lur  determining 
the  heights  of  ramintiiins  &c,  with  gn aliT  faciltiy,  than 
with  [tie  common  poiiabie  btrumetrr-  TIfe  insiriiincnt, 
m il<  pr<M‘nt  state,  cun«isi«  of  acUiminral  tin  vcsm*!. 
uliioit  ^ inches  in  tliHinclei,  and  & i*  elu-i  liigh,  in  uhich 
vrwl  the  water  is  coniaiiied,  which  tony  Ih'  made  to  boil 
by  the  (lame  of  n large  wax>Camlle.  1 In  ihi  rmomrler  is 
fiivti-ned  to  the  tin  vessel  in  such  a manner,  h<«  that  its 
bulb  may  I'e  about  an  inch  above  the  b'tltotn.  'I'he  scale 
of  this  thiTiiiometer.  which  is  of  bra^s  e\hihii«  on  one 
v.le  of  the  class  ttihe  a lew  decrees  of  Faliirnheil’s  scale, 
\u.  from  JtH)®  to  'ilb'  . On  tlie  other  side  of  the  tube 
are  marked  the  various  bari>ni«-trical  height^,  ut  which  the 
buiimg  wuti'r  shows  ihosi*  paiticular  degrees  of  Ih  at  w Inch 
are  Mrt  down  in  sir  Cico.  bhuckburgh's  (able.  \Vath  this 
instrument  the  b.tromcfrical  height  )s  shown  within  ont'* 
lOih  of  uii  inch-  The  degrees  id  this  thermometer  are 
ralhei  longer  limn  one  9th  of  an  inch,  and  therelote  may 
be  divided  into  many  parts,  espix'ially  by  a Nonius.  Hut 
A consider.ihio  imperft'clion  arises  from  the  smallness  of 
the  tin  vessel,  which  dors  not  admit  a sufficient  quantity  of 
water;  but  when  the  itiiantily  of  water  shall  be  sufTicicntly 
latfe,  as  for  instance  io  or  12  ounces,  and  is  kept  boiling 
in  a proper  vovl,  its  degree  of  heat  under  the  same  pni- 
sure  of  the  otinuvphere  is  very  settled;  whereas  when  u 
thermometer  is  kept  in  a small  quantity  of  b<iiling  water, 
the  mercury  in  its  sU  m dt»es  not  stand  very  steady,  M»mo- 
timm  rising  or  fnllmg  vo  much  as  half  a degree.  Mr. 
Cavallo  prupiuM-sa  further  improvement  of  this  instrument, 
in  the  Philos.  Trans,  vol.  71,  pa 

'I’he  ingenious  Mi.  Wedgwoml,  so  well  known  for  his 
various  improvements  in  the  difTereiil  soils  of  lottery  ware, 
has  contnvei!  to  mane  a thermomett  r for  meu-uring  the 
higher  decree-*  of  heat,  by  means  of  a disiinguislimg  pro- 
perty of  argillaceous  bodies,  via,  the  diminution  of  llnir 
bulk  by  lire.  This  diminution  commences  m a low  red 
heat,  Hiid  proceeds  n guiariy,  as  the  heat  incieaH*>.  till 
the  clay  becomes  vitiified.  'l  Ue  total  coiurHedon  ol  * inc 
good  clays  which  hr  has  examined  iu  the  strongest  of  his 
own  tires,  is  cr>n>iiienibiy  more  than  one-fomlh  part  in 
^every  dimension.  By  mea-uimg  the  comraclion  rd'such 
substances  then,  Mr.  \Vi  dgwoi>d  ctuiirivetl  to  nirustitc  Uie 
most  intense  tieats  of  ovens,  lurnaci-s,  ^c.  J-'or  the  cu- 
rious particulars  of  which,  sec  Philos.  Trans,  vol.  72,  pa. 
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In  I75K)  8 prrsrntrd  to  the  Royal  Siciety  of 

Edinburgh,  describing  two  thrrinomelers,  i.ewly  invented, 
by  Dr.  John  RutherfonI,  of  Middle  Baiihsh  ; the  om-  for 
registering  the  highest,  and  the  other  lor  regi*lriing  ilie 
lowest  degree  of  heal,  to  which  ibc*  ihcrmonn  n r ha*  risen 
nr  fallen  dunn;?  the  tth*ence  of  rhe  observ<T.  An  art  oont 
ofthem  may  be  found  in  the  third  vuluine  of  the  1 rans- 
aclions  of  the  Society. 

A nt-w  self'regtsleriiig  thermometer  has  mure  Inte’y 
been  invented  by  Mr.  Kiilh  of  HaveUtune,  which  wc 
consider  as  the  piost  ingenious,  simple,  and  |H-rfect,  <-f  any 
that  has  hitherto  app<'aH><(.  Its  sim|  Itrily  1*  so  ginit 
that  it  requires  only  a very  short  Jocripiion  to  tnuke  it 
intelligible. 

AM  (6g.  5,  pl«  3.9)  is  a thin  gla'S  (ul>e  aUmi  14  inches 
long  ami  Jihs  of  an  inch  caliioir,  close  or  lie  rmc-lically 
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scaled  at  the  top.  To  the  lower  end,  which  is  open,  there 
is  joined  the  crooked  glass  tube  as,,  7 inches  long,  and 
.j^qiIis  of  an  inch  caliber,  and  open  at  lop.  'llic  tube  a# 
is  tilled  with  (be  strongest  spirit  of  wine,  and  the  tube  ae 
with  mercury.  This  is  properly  a spirit  of  wine  thermo- 
meter, and  the  mercury  >s  uavd  merely  to  support  a piece 
of  ivory  or  glass,  to  which  is  affixed  a wire  for  luising  one 
index  and  depressing  anotbei,  according  as  the  nuirary 
rises  or  fallv  E is  a small  conical  piece  of  ivory  or  glass, 
pf  suth  a weight  av  to  (lout  on  liie  surface  ul  the  meicury. 
To  the  flout  IV  p>mcd  a wire  railed  the  Boat-wire,  w inch 
rnicht*s  upward*  to  it,  where  it  terminates  in  a knee  bent 
ai  right  nngli's.  'I1ic  Boat-wire,  by  tmxms  of  an  eye  at  a, 
ruuves  euvily  along  the  small  harpsichord  wireca.  l,  l 
are  two  indexes  made  of  thin  black  oiled  silk,  which  slide 
upwonls  or  downwards  with  a force  not  more  than  two 
grains.  Tfio  one  placed  above  the  knee,  points  out  the 
greatest  rise,  and  the  one  placed  below  it  points  out  tbe 
gieatesl  fall  of  the  thermometer^ 

When  the  insirumcut  is  to  be  prc|«ired  for  an  observa- 
tion, both  indexes  arc  to  be  brought  close  to  the  knee  11. 
Ills  evident  thot  when  the  mercury  rises,  (be  flodl  and 
flout  wire,  which  can  be  moved  with  (he  smallest  force, 
will  bo  pushed  upwards  till  tbe  mercury  Ucurocs  sta- 
lionaiy.  At  the  knee  of  (he  lloat-wire  moves  upwards, 
it  will  carry  along  with  it  (he  up(>cr  index  L.  When  the 
mercury  again  subsidi's,  it  leavi^s  the  index  at  tbe  highest 
point  to  which  it  was  raised,  for  it  will  not  descend  by  lit 
own  weight.  As  the  mercury  fulls,  the  float-wire  does  tbe 
same  ; ii  therefore  brings  along  with  it  (he  lower  index  L, 
and  continues  to  depr^  it  till  it  again  become  stationary, 
or  otceiid  in  the  tube;  in  winch  ciinc  it  'U-av^-s  tbe  lower 
index  biliihd  it  iiv  it  had  formerly  left  the  up{M-r.  'llic 
scale  to  which  the  indexes  point  is  placed  | aiallcl  to  tbe 
sici^der  harpsichord  wire.  It  may  be  seen  more  distinctly 
in  hg.  (>.  That  (he  scale  and  indexes  niuy  not  be  injured 
by  lite  wind  and  rain,  a cylindrical  glass  cover,  dose  ut 
top,  and  made  so  as  exactly  to  lit  t^*  fart  IG,  is  ploccd 
over  it. 

Mr.  I.e>lic,  the  author  of  the  very  ingenious  Treatise  nn 
llent,  has  invented  a diBcrcntial  ibomomcttr  fur  the 
nuMMirrim-nt  of  nnnutc  variations  of  (eni|>craturc.  It  cuit- 
sivtv  of  two  lubes,  each  terminating  in  a snmll  bulb  of  the 
same  dimensions,  jotnrd  by  the  l>luw-pi|ie,  and  briil 
the  form  of  a u,  a small  portion  of  dark  coloured  liquor 
having  previously  l>een  introuduced  into  one  of  the  bulbs. 
After  many  trials,  tlie  Bind  b*st  adapted  Iu  the  purpose 
was  found  to  be  a solution  of  carmine  in  conceiitr.xled 
sul|  himc  acid.  Uy  managing  the  includid  air  with  the 
hi*al«f  the  hand,  this  n^t  liquor  is  made  to  stand  at  the 
required  point  td  the  op|N>«ii(e  lube.  This  is  the  xero  of 
a scale  fastem  d to  (tiai  tube,  and  divided  into  rr)uai  parts 
ab<»ve  and  brUnv  that  puinr.  Tlic  inslrurociit  is  then 
Bved  on  a stand.  It  is  manifesl,  that  when  (be  liquor  is 
at  re«t,  or  points  at  arm,  the  c«duron  is  prt*ssed  in  oppu- 
stlr  diimiotis  hy  two  portions  of  air  equal  in  elasticity, 
and  •ontaining  equal  quantities  of  caloric.  Whatever 
h>at  then  may  be  applied  (o  the  whole  instrument,  pro- 
vid>  d both  bulbs  receive  it  in  tbe  same  degree,  the  liquor 
must  remain  at  rest.  Uut  if  the  one  ^11'  receive  tbe 
slighie-t  excess  <»f  (em|>erature,  tbe  air  which  it  contains 
will  be  proportionally  expanded,  and  will  push  (he  liquor 
acaiit*!  thenir  in  ihcuilur  full  with  a force  varymg  as  the 
diHi-rt  nce  between  tbe  temperatures  of  ibesetwoportiohs  of 
air:  (hu»  the  iquilibiiuin  will  be  destroyed,  and  the  fluid 


THU 


[ S‘3  3 


wilt  rise  in  the  opposite  lube.  The  decrees  of  the  scale 
through  uhiefa  it  pn<»scswiU  mark  the  successive  augmvn- 
t;)tiims  in  the  iDnipemtUrc  of  the  ball  which  is  exposed 
to  the  greatest  heal.  So  that  this  in^lrumcnt  is  u balance 
of  extreme  delicacy  for  comparing  jho  teropcnitures  cf  its 
two  scale's. 

When  ilierm^fmeters  are  contrived  to  measure  very  great 
degrees  of  heal  by  the  expansions  they  produce  in  sub* 
stances,  or,  on  the  contrary#  the  expansions  corresponding 
to  differeirt  lemperalurfStlhey  arc  denorninati  d I^romctcrt. 
See  the  descriptions  of  the  principal  of  these  under  their 
proper  arride.— On  the  subji'ct  of  llierinometers#  sec  also 
my  Philu»i>phical  UeerehitQns,  Uc.  vol.  4,  pa.  4J#  ^cc. 

TH  rdlMOSCOPE,  the  same  as  ThcriDometer. 

THIR,  in  Chronology,  the  name  of  ibe  5th  month  of 
the  Ethiopians,  which  corresponds,  according  to  Ludolf, 
to  the  month  of  January. 

THIRD,  in  Music,  a concord  resulting  from  ami.xture 
of  two  sounds  containing  an  intena)  of  2 degrees:  being 
called  a third,  because  containing  3 terms,  or  sounds,  be- 
tween the  extremes. 

There  is  a greater  and  a less  third.  'I  hc  former  takes 
its  form  from  the  M>qui<piarta  ratio,  4 to  5.  The  loga- 
rithm or  measure  of  the  octave  ^ being  1 ‘OOOOO,  the  mea- 
sure of  the  greater  third  w ill  be  0'32193  — The  greater 
third  is  by  practitioners  often  taken  for  the  third  part  of 
anocUtvu;  which  is  an  error,  since  three  greater  thirds 
fall  short  of  the  octave  by  a diesis;  for  | ^ x x 
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Tiie  lesser  third  'takes  its  form  frt»m  Uie  sesquiquintH 
ratio  5 to  0;  the  nu'UMire  or  logarithm  of  this  lesser  third 
\y  being  O ciilO-l,  that  ol  the  octavo  * being  1 OOtXK).— 
Roth  lhe>e  thirds  ate  of  great  use  in  nicl<Mly  ; making  us 
it  were  llic  foundation  snd’life  of  harmony. 

Tmun-PoiW.  or  Tierce-point,  in  Architecture,  the 
point  of  section  in  the  vertex  of  an  equilateral  triangle. — 
Arches  or  vaults  of  the  third  point,  arc  those  consisting 
of  two  arclu‘5  of  a circle,  meeting  in  an  angle  at  tup. 

'niRKK-fc^f^-iVo/?',  an  instruim  ni  consisting  of  three 
wooden  legs,  made  with  j'iiiils,  so  as  to  shut  up  logelher, 
and  to  take  ofT  in  the  middle  for  the  better  CMmuge.  It 
bus  usually  a bull  and  socket  on  the  top;  nml  its  use  is  to 
support  and  adjust  instriiinenis  Ibr  astronomy,  survey- 
ing, A’C.  • 

THUNDER,  a noise  in  the  lower  region  of  the  air,  ex- 
cited by  u sudden  explosion  of  eK'Ctrical  clouds;  which 
arc  therefore  called  thunder-clouds.— 'I’hc  phenomenon  of 
thunder  is  variously  accounted  for.  Stm>ca,  Kolmult, 
and  some  other  authors,  both  ancient  and  modem,  ac- 
count for  thunder,  by  supposing  two  clouds  impending 
over  each  other,  the  upper  and  rarer  of  which,  hcromin® 
condensed  by  a fu'sh  .accession  of  air  raid'd  by  warmth 
from  the  lower  parts  of  the  atmospheie,  or  driven  upon  it 
by  the  wind,  immediately  fxiis  forcibly  down  upon  the 
lower  ami  denser  cloud  ; by  which  fall,  the  air  interposed 
between  the  two  being  compressed,  that  nt*xt  the  extre- 
mities of  the  tuo  clouds  is  furct'd  out,  and  leaves  room 
ftw  the  extremity  td  the  uppiT  cloud  to  close  light  u)xjn 
the  under;  thus  a great  quantity  of  the  air  is  enclosed, 
which  at  length  t'scaping  thtou^i  M»me  winding  irregular 
vent  or  passage,  occavions  the  mdse  called  ihumier. 

Rut  this  lame  device  could  only  reach  at  most  to  the 
case  of  ihnmier  heard  without  lightning;  ami  therefore 
ri'Course  liHsinen  bad  to  other  mode*  of  solution.  Thus, 
it  hus  bct'ti  said  that  thunder  is  not  occasioned  by  the  full- 
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ing  ol'1:louds,  but  by  the  kindling  of  sulphurous  exhala- 
tions, iu  the  same  munner  as  tho  noise  of  the  auruin  fuU 
miiiuns.  “ There  nresulpburuusexhalations,**  says  New- 
ton, “always  ascending  in  to  the  air  wlicn  the  earth  is  dry ; 
there  they  ferment  with  the  nitrous  acids,  and,  sometimes 
taking  fire,  generate  thunder,  lightning,  &c.^’ 

'J’hc  effects  of  thumier  arc  so  like  those  of  fired  gunpow- 
der, ihal  Dr.  Wallis  thinks  we  m-rd  not  scruple  to  ascribe 
them  to  the  same  cause;  and  the  principal  ingredieiiis  in 
gunpowder,  wc  know,  are  niirc  and  sulphur;  charcoal 
only  serving  to  ki*ep  the  parts  separate,  f'r  their  iKtter 
kindling.  H<  nce,  if  we  conceive  iu  the  ror  a convenient 
mi.\tun:  of  nitrous  and  sulphurous  particles ; and  those, 
by  any  cause,  to  be  s«d  on  fire,  such  cxploMon  may  well 
follow,  and  with  such  noise  and  light  hi  attend  the  firing 
of  gunpowder;  and  being  once  kindled,  it  will  run  from 
place  to  place,  different  ways,  as  the  e.xbalatioift  happen 
to  lead  it : much  as  is  found  in  a train  of  gunpowder. 

Rut  a third,  and  most  probable  opinion  is,  that  thunder 
is  the  report  or  noise  produced  by  an  electrical  explosion 
in  the  clouds.  Ever  since  the  year  1752,  in  which*  the 
identity  of  the  mutter  of  lightning  and  of  the  electrical 
fluid  has  been  aacertained,  philosophers  have  generally 
agreed  in  considering  thunder  as  a concussion  proiluccd 
in  the  air  by  an  explosion  of  electricity*  For  the  illus- 
tration and  proof  of  this  theory,  see  ELtcraiciTY,  and 
Ligiitnino. 

It  may  here  be  observed,  that  Mr.  Henry  Kell'S,  in  a 
letter  written  in  1751,  and  read  before  the  Royal  Society 
in  1752,  considers  the  electrical  firt'  as  the  cause  of  thun- 
der, and  accounts  for  it  cm  this  hy|K>llu'*is ; and  he  tells 
us,  that  he  did  not  know  of  any  other  pi'rson’shaving  made 
the  same  conjecture.  Fhilos.  Trans,  voi.  47,  p.  .^24  A*c. 
— 'I'hat  rattling  in  the  noise  of  thunder,  which  makes  it 
seem  as  if  it  passed  through  arches,  or  were  variously 
broken,  is  probably  owing  to  the  sound  being  excited 
among  clouds  hanging  over  one  another,  and  the  agitated 
air  passing  irregularly  between  them. — The  explt*sion,  if 
high  in  the  air,  aud  remote  from  us.  will  do  no  mischief; 
but  when  near,  it  may  destroy  trees,  animals,  Ac. 

This  proximity,  or  small  dUtimcc,  may  be  estimated 
nearly  by  the  interval  of  time  bi  tween  seeing  the  iash  of 
lightning  iind  hearing  the  report  of  the  thunder,  r^tima- 
ling  the  distance  after  ihc  rare  of  1 142  fec-t  per  second  of 
time,  or  3|  seconds  to  the  mile.  Dr.  Wallis  observes,  that 
commonly  the  difference  bi-twcen  the  two  is  about  7 se- 
conds, which,  at  the  rate  above  mentioned,  gi\cv  the  dis- 
tance almost  ^2  miles.  Rut  sometimes  it  comes  in  u second 
or  two,  which  argues  tbeexpb^ion  very  near  us,  and  even 
among  us.  Ami  in  such  cases,  the  doctor  assures  us,  he 
has  Sometime'S  foretold  the  mischiefs  that  followed. 

The  noise  of  thunder,  uml  the  flame  of  lightning,  are 
easily  mark  by  art.  If  n mixture  of  oil  or  spirit  of  vitriol 
be  made  with  water,  und  some  filings  of  sUxI  added  to  it, 
there  will  iiuinedtalely  anse  a (hick  smoke,  or  vaptiur,  out 
of  the  mouth  of  the  vessel ; and  if  a lighted  candle  be  ap- 
plied to  this,  it  will  take  fire,  and, Ihc  fl.iino  will  iinme- 
diutciy  descend  inlothcvessel. which  v*ill  be  burst  to  pieces 
with  a noise  like  thul  ofa  cannan.  This  is  so  far  analogous 
to  thunder  and  lightning,  that  a great  explosion  and  fire 
are  occasioned  by  it;  but  in  this  they  differ,  that  this 
matter  when  once  fired  is  destroyed,  and  can  give  no  more 
explosions  ; yihercas,  in  the  heavens,  one  clap  of  thunder 
usually  follows  another,  and  there  is  a continuid  succes- 
sion of  them  fora  long  lime.  Mr.  Homberg  explained  this 
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bjthe  hghtm'ss  of  the  air  ni>ove  U5*  in  comparison  of*lhat 
uhich  iherrforc  would  not  »uffrr  all  ihc  matter  so 
kindU^  to  be  dvuifmtcd  at  once,  but  keeps  it  for  several 
Tciums. 

THt'NDKRiJOLT.  When  li^htninz  acts  with  e.xira- 
ordinary  violence,  and  breaks  or  shatters  any  thinj:,  it  is 
called  a thundarbolt,  which  the  vulgar,  to  lit  it  t'»r  such 
cfipcls,  ^upposc  to  be  a bard  body,  and  even  a stone 
U«t  tliat  we  nt»d  not  have  recourse  to  a bard  solid  hotly, 
to  account  for  Ihc  rlTccti  Commonly  attribuled.  to  the  thun- 
derbolt) will  bo  evident  to  any  one,  who  considers  ihtKic 
ot  the  pulvis  tuhniimns,  ami  <d*  gunpowder ; but  more 
cspeciaJiy  the  ostornthing  powers  of  electricity,  when  only 
coUectetl  ar¥l  employed  by  human  art,  and  much  mure 
when  dimited  and  exorcised  in  the  course  of  nature.— 
W4ien  we  consider  the  known  effects  of  electrical  explo- 
sion*, and'lhove  produced  by  lightning,  we  shall  be  at  no 
loss  to  account  lor  the  extraordinary  operations  vulgarly 
ascribed  to  ihundcrbulfs.  As  slums  and  bricks  struck  by 
lighnnng  are  often  luuod  in  a viiritkd  staK*,  we  may 
rmsonably  suppose,  with  Bcccaria,  thul  some  stemra  in  the 
i‘ar4li,  having  U*cn  struck  in  this  manner,  gave  occasion 
to  (he  vulgar  opinion  of  the  thunderbolt. 

Thu  KD£a-C>oa(/a,  m Fhysiohtgy,^arc  those  clou<ls  which 
itresiva  state  fit  tor  producing  lightning  and  ihurMler.— 
Fn>m  Bcccana‘»  exact  and  circumstantial  account  of  the 
f xtornal  appearances  of  thunder-clouds,  the  follmring  par- 
ticulars are  extraeuxi.  The  first  appearance  of  a ibiintler 
storm,  which  usually  happens  when  there  is  little  or  no 
wind,  is  one  dense  cloud,  or  more,  increasing  very  fast  in 
sue,  and  rising  into  the  higher  regions  of  the  air.  The 
lower  surfHcc  is'tdack  nnd  nearly  level;  but  the  upper 
finely  arched,  and  well  defined.  Many  of  tlM*ve  clouds 
often  eerm  piled  upon  one  another,  all  arched  in  the  same 
manner;  but  they  are  contiuaily  uniting,  swelling,  und  ex- 
tending their  arches. 

At  the  time  of  the  rising  of  this  cloud,  the  atmosphere 
is  commonly  full  of  n great  many  se^iarutc  clouds,  that  arc 
motioiilcw,  and  of  whimnicai  shapes.  All  these,  on  the 
appearance  of  the  thunder-cloud,  draw  towards  it,  and 
become  tnora  uniform  in  their  shapes  as  liicy  approach  ; 
tiH,  coning  very  near  the  ihunder-cloud,  their  limbs  mu- 
tirally  stretch  towards  each  other,  and  they  irnmediatriy 
cimlescc  into  one  unifiirm  mass.  Ihcso  he  callsadscilitious 
clouds,  from  their  coining  in,  to  enlarge  the  sixe  of  tho 
thundor-cloud.  Bat  sometimes  llic  thunder-cloud  will 
swell,  and  mcrcav.vcry  fast,  without  the  conjunction  of 
any  adsciiitkius  clouds;  the  vapours  in  the* atmosphere 
forming  themsdvo  into  clouds  wherever  it  pas\es.  Some 
of  the  adscilitlous  clouds  a(>pear  like  while  fringes,  al  the 
skirls  of  the  thunder-duud,  or  under  the  l»ofly  of  it,  but 
they  keep  continually  getting  darker  and  darker,  as  they 
approach  to  unite  with  it.  • 

When  the  thundercloud  issrown  to  a great  sixe,  ilslovi'er 
surface  is  often  raggeil,  particular  parts  being  detached 
towards  ibiM^arth,  butstiii  connected  with  the  rest.  Somi** 
times  the  lower  surface  swells  into  various  large  protubj^ 
rancuB  bending  uniformly  downward  ; and  sr»mclime*  one 
whole  side  of  tho  cloud  will  have  an  inclinaiion  to  the 
earth,  and  the  extremity  of  it  m-arly  touch  the  ground. 
When  the  eye  is  under  the  thundiT-cloud,  after  it  is  grown 
larger  and  well  formed,  it  is  seen  to  sink  lower,  and  to 
darken  prcKligiously ; at  the  aarae  time  that  a number  of 
small  adsciiilious  clouds  (the  origin  ol  which  can  never  be 
])crccivcd)  are  seen  in  a rapid  motion,  driving  abooi  in 
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vet}'  uncertain  directions  under  it.  ^^'hilc  these  clouds 
arc  agitated  with  the  most  rapid  motions,  the  rain  com- 
monly falls  in  the  greatest  plenty,  and  if  ihc  agitation  be 
exceedingly  great,  it  commonly  hails. 

While  the  iliunder-cloud  is  swelling,  and  extending  iu 
branchcH  over  a large  tract  of  country,  the  lightning  is 
seen  to  dart  from  one  part  of  it  to  another,  and  often  to 
illuminate  its  whole  mass.  When  the  cloud  has  acquired 
u sufficient  extent,  the  lightning  strikes  beuu'eii  the  cloud 
und  the  earth,  in  two  opposite  places,  the  path  of  the 
lightning  lying  through  the  whole  body  of  ibc  cloud  ami 
its  brunches.  The  longer  this  lightning  continues,  the 
less  driive  does  the  cloud  leruine,  and  the  dark  Hs  ap- 
pearances ; till  at  length  it  breaks  in  different  places,  and 
shows  H clear  sky. 

ThcM>  thunder-clouds  were  sometimes  in  a positive  as* 
well  tts  a negative  stale  of  electricity.  The  electricity 
continued  longer  of  the  same  kind,  in  proportion  &r  the 
thunder-cloud  was  simple,  and  uiiiiorm  in  its  direction; 
but  w hen  the  lightning  changed  its  place,  there  cotmuunly 
Impponed  a change  in  the  cU’Ctriciiy  of  the  apparatus  over 
uhich  the  clouds  passtxl.  it  would  change  surldenly  after 
a very  viuk-nt  Hush  of  lightning,  but  the  change  would  be 
gradual  when  the  lightning  was  moderate,  and  the  pro- 
gress of  (he  thunder-cloud  slow.  Beccar.  l.eiteredeU* 
Klettricibinu  pa.  107;  or  Priestley's  llisL  Elec.  voL  I, 
pa. 397-  Sctj  oho  L1611TNIS&. 

THi’KOEH-Houxe,  ill  Electricity,  is  an  instrument  in- 
vented by  Dr.  James  Lind,  for  illustrating  the  manner  in 
which  buildings  receive  damage  from  lightning,  ami  to 
evince  the  utility  of  metallic  conductors  in  preserving 
them  from  it. 

A (fig.  I,  pi.  40),  is  a board  about  I of  an  inch  thick, 
and  sbuped  like  the  gable  end  of  a house.  This  board  is 
fixed  pri|>cndicu}arly  on  the  bottom  board  b,  upon  which 
the  perpendicular  glass  pillar  cr>  is  also  fixed  in  a hole 
about  8 inches  distant  from  the  basis  of  the  hoard  a.  A 
square  hole  ilmk,  about  a quarter  of  an  inch  deep,  and 
nearly  one  inch  wide,  is  made  in  the  board  a,  and  is  filled 
with  a squ%ie  piece  of  wood,  nearly  of  the  some  dimen- 
siuAs.  It  is  nearly  of  the  same  dimensitms,  bi'caitse  it 
muvt  go  so  easily  into  the  hole,  that  it  may  drop  off,  by 
the  least  shaking  of  the  infirumcnt.  A -wire  lk  is  fastened 
diagonally  to  this  squum  piece  of  wood.  Another  wire 
111  of  the  same  (hicknc».  having  u brass  ball  li,  screwed 
on  its  pointed  extremity,  is  fastened  upon  the  board  su 
also  is  the  wire  si  n,  which  is  shaped  in  a ring  at  o.  From 
the  upper  extremity  of  the  glass  pillar  co,  a crooked  wire 
proceeds,  having  a spring  socket  v,  through  which  a 
double  knobU'd  wire  slipj>  per^irndicularly,  the  lower  knob 
o of  which  falls  just  above  the  knob  11.  The  glass  pillar 
DC  must  not  be  made  very  fast  into  the  bottom  board ; but 
it  must  be  fixe<i  so  that  it  may  be  pretty  easily  moved 
round  its  own  axiv,  by  which  means  the  brass  ball  o may 
be  brought  iieuft'r  to  or  funher  from  the  ball  11,  without 
touching  (lie  part  lio.  Now  when  the  square  piece  uf 
wood  LMIK  (which  may  rcpresenl  the  shutter  of  a window 
or  the  like)  is  fixed  into  (be  hole  so  (bat  the  wire  i.k 
stands  in  the  dotted  reprrs4*ntation  IM,  then  the  metallic 
communication  from  11  to  o is  complete,  and  the  instru- 
ment represents  a house  furnished  with  a proper  me- 
tallic conductor;  but  if  the  square  piece  of  wood  luik 
hr  fi.xcd  so  that  the  wire  lk  stands  in  the  directioa 
LK,  as  represented  in  the  figure,  then  the  mcullic  con- 
ductor uc^  from  the  top  of  the  Jiouse  to  its  LoUon,  ia 


inierrtipted  at  1M,  in. which  ca&c  tha  house  i»  not  properly 
»L'Curcd. 

Fix  the  piece  of  wood  tMiK,  so  that  its  wire  may  be 
reprcaenied  in  the  fif»ure,  in  which  case  the  metallic  con* 
ductor  rto  is  discontinued.  Let  the  ball  ti  behxed  atabout 
half  an  inch  [H>rpcndicular  distance  from  the  ball  u •,  then, 
by  turning  the  glass  pillar  uc,  t«-i»ovc  the  fornu'r  ball  from 
the  latter;  by  u wire  or  chain  connect  the  wire  tr  with 
the  wire  q of  the  jar  r;  und  let  another  wire  or  chain, 
fastened  to  ibe  hook  o,  touch  the  outside  coaling  of  the 
jar.  Conrw'ct  the  wire  q with  the  prime  conductor,  and 
charge  the  jar;  thtMi,  by  turning  the  glass  pillar  dc,  let 
the  bail  o come  gradually  near  the  ball  ii,  and  when  they 
arc  arrived  sudiciviitly  near  together,  you  will  observe, 
that  the  jar  explodes,  ajid  the  piece  of  wood  lmik  is  pushed 
out  of  the  hole  to  a cunsidciAble  distance  from  the  lhun> 
der*house. 

Now  ihe  ball  c,  in  this  experiment,  represents  an  clcc* 
trifled  cloud,  which,  w hen  it  is  urrived  sufficiently  near  the 
l<ip  of  the  house  a,  the  electricity  strikes  H ; and  as  this 
house  is  not  secured  with  a proper  conductor,  the  explo- 
sion breaks  part  of  it,  i.  c.  knocks  olT  the  piece  of  wood  i m. 

Hc(>C'at  the  experiment  with  only  this  variation,  jjig,  that 
this  piece  of  5vuod  im  Ih*  situated  so  that  the  wire  LK  may 
stand  in  the  situation  im  ; in  which  case  the  conductor 
NO  is  not  discontinued  ; and  you  will  observe  that  the  ex- 
plosion will  have  no  effi  ct  on  the  piece  of  wood  lm  ; ibis 
remaining  in  the  hole  unmoved  ; which  shows  the  useful- 
ness of  the  metallic  conductor.  * 

Farther,  unscrew  the  brass  b^l  u from  the  wire  hi,  so 
that  this  may  remain  pointed,  and  with  this  diifcrcnce  only 
in  the  apparatus  repeat  both  the  above  experiments,  and 
you  will  find  that  the  piece  of  wood  in  is  in  nether  case 
moved  from  its  place,  nor  will  any  explosion  be  licard  ; 
which  not  only  demonstrates  the  preference  of  conductors 
with  pointed  terminations  to  those  with  blunted  one«,  but 
also  shows  that  a house,  furnished  with  sharp  termiiMitions, 
(hough  not  furnished  with  a regular  conductor,  is  almost 
sufficiently  guarded  agaiast  the  efiects  of  lightning. 

Mr.  Henley,  having  connected  a jar  containing  509 
square  inches  of  coaled  surface  with  his  prime  conductor, 
observed  that  if  it  was  so  charged  as  to  raise  the  index  of 
his  electrometer  to  60”,  by  bringing  the  ball  on  the  wire  of 
the  thunder-house,  to  tbe  distance  of  half  an  inch  from 
that  connected  with  the  prime  conductor,  the  jar  would  be 
discharged,  and  the  piece  in  the  thunder-house  thrown  out 
to  a considerable  distance.  Using  a pointed  wire  for  a 
conductor  to  tbe  thumler-hoiisc,  instead  of  the  knob,  the 
charge  being  the  same  as  before,  the  jar  was  discharged 
silently,  though  suddenly  i and  the  piece  was  not  thrown 
out  of  the  thunder-house.  In  another  experiment,  having 
made  a double  circuit  to  the  thund^-houso,  the  first  by 
the  knob,  the  second  by  a sbar|>-poiiited  wire,  at  an  inch 
and  a quarter  distance  from  each  other,  but  of  exactly  .the 
same  height  (as  in  fig.  2)  the  charge  being  the  same  ; 
though  the  knob  was  brought  first  under  that  connected 
with  the  prime  conductor,  which  was  raised  half  an  inch 
above  it,  and  followed  by  the  point, yet  no  explosion  could 
fall  upon  the  knob ; tbe  point  drew  off  ihc  whole  charge 
silently,  and  the  piece  in  the  thuodcr-bouse  remained  un- 
moved.— Philos.  Trans,  vol.  64,  pa.  156.  Sec  Points  in 
Electricity. 

THURSDAY,  the  5th  day  of  the  Christians’  week,  but 
the  6th  of  the  Jews.*  The  name  is  from  Thor,  one  of  the 
Saxon  gods. 


THUS,  in  ScacLanguage,  a.  word  used  by  the  pilot  in 
directing  the  helmsman  or  steersman  to  keep  the  ship  in 
her  present  situation  when  sailing  with  a scant  wind,  so 
that  she  may  not  approach  too  near  the  direction  of  tbr 
wind,  which  would  shiver  her  sails,  nor  fall  to  leeward, 
and  run  farther  out  of  her  course. 

TIDES,  two  pi-riodical  motions  of  the  waters  of  the 
sea ; called  also  the  dux  and  refiux,  or  the  flow  and  ebb. 

The  tides  are  found  to  follotv  periodically  the  Course  of 
the  sun  and  moon,  both  as  to  time  and  quaniitv.  And 
hence  it  bas  been  suspected,  in  all  ages,  that  the  tides  were 
somehow  produced  by  tbe  infiuence  of  these  iununaries. 
Thus,  several  of  the  ancients,  and  among  others,  Pliny. 
Ptolemy,  and  Mdcrobios,  were  acquainted  with  the  intiu- 
cnee  of  the  sun  and  moon  on  the  tides  ; und  Pliny  says  ex- 
pressly, that  the  cause  of  tbe  ebb  and  flow  is  in  the  sun, 
which  attracts  the  waters  of  the  ocean  ; and  adds,  that  the 
waters  rise  in  proportion  to  the  proximity  of  the  moon  to 
thoxcarth.  It  is  indeed  now  well  known,  from  thu  disco- 
veries of  Newton,  that  the  tides  are  Caused  by  the  gravita- 
tion of  the  earth  towards  the  sun  and  moon.  Indeed  the 
sagacious  Kepler,  long  ugo,  coi^ectured  this  to  be  the 
cause  of  the  tides:.**  If,”  says  he,  **  the  earth  ceased 
to  attract  its  waters  towards  itself,  all  the  water  m the 
ocean  would  rise  qnd  flow  into  the  moon ; tbe  sphere  of  (be 
moon’s  attraction  extends  to  our  earth,  and  draws  up  the 
water.”  Thus  thought  KepliT,  in  his  iiilrod.  ad  Thror. 
Mart.  This  surmise,  for  it  Aas  then  no  more,  is  now 
abundantly  verified  in  the  theory  laid  down  by  Newton, 
and  by  Halley, .as  well  as  other  eminent  roalheraaiicians, 
from  bis  principles. 

tc  Me  Pkenomata  of  iht  Ti  des  : 1 . The  sea  is  observ- 
ed to  flow,  for  about  6 hours,  from  south  towards  north  ; 
the  sea  gradually  swelling  ; so  that,  entering  chc  mouihs-of 
rivers,  it  drives  back  the  river-waters  towards  their  beads, 
or  springs.  After  a contintial  flux  of  6 hours,  the  sea  ap- 
pears to  rest  for  about  a quarter  of  im  hour ; after  whi(h 
it  begins  to  ebb,  or  retire  back  again,  from  north  to  south, 
for  6 hours  more  ; in  which  time,  Uic  waters  siakiog,  the 
rivers  resume  their  natural  course.  'I’hcn,  after  another 
seemiiig  pause  of  a quarter  of  an  hour,  the  sea  again  be- 
gins to  flow,  os  before  ; and  so  on  alternate])'. 

2.  Hence,  the  sea  ebba  and  flows  twice  a day,  but  fall- 
ing every  day  gradually  later  and  later,  by  dS  mi- 
nutes, the  period  of  a flux  and  reflux  being  on  an  average 
about  12  hours  24  minutes,  and  the  double  of  each  24 
hours  and  45  minutes ; which  is  the  period  of  a lunar  day, 
or  the  lime  U-twivn  the  moon’s  passing  a meridian  and 
Cuming  to  it  again.  So  that  the  sea  flows  a$  often  as  the  • 
moon  passes  the  meridian,  both  the  arch  obpvc  the  horiaon, 
and  that  below  it ; a^  ebbs  as  ofUTi  at  she  posses  the  ho- 
rison,  both  on  the  eastern  and  western  side. 

Other  phenomena  of  the  tides  are  as  below ; and  the 
reasons  of  them  will  be  noticed  in  the  theory  of  the  tides 
that  follows. 

3.  The  eluvatiun  towards  the  moon  a little  excecdg  the 
opposite  one*  And  the  quantity  of  the  ascent  ot  the  wa- 
ter it  diminished  from  the  equator  towards  the  poles. 

4.  From  the  sun,  every  natural  ilay,  the  sen  is  twice 
elevated,  and  <tuice  depreai*d,  the  same  as  tor  the  moon, 
but  the  solar  times  are  mucli  less  than  the  Umar  ones,  on 
account  of  the  imntense  distance  of  the  sun  ; yet  they  arc 
both  suL^ect  to  the  same  luwv. 

5.  The  tides  which  depend  on  the  actions  of  the  sun 
and  mooD,  are  not  distinguished,  but  compounded,  and  so 
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forming*  as  to  si-mc  orkc  vnittd  tide,  ipnensini*  and  de- 
crvtiAtng,  and  thus  mnkiii;:  nunp  nnd  spring  lidfs:  tor,  by 
the  nciiun  of  the  snn,  the  lutiitr  tide  i»  only  changed; 
which  change  varies  ev*ry  day,  by  n*asc.n  of  ihe  inequality 
bctwct'ti  the  natural  uiul  lunar  day. 

ti.  In  the  syayguw  the  elevaliuns  tVum  I be  action  of  both 
luminaries  concur,  and  the  sea  is  mure  elevated.  But  the 
sen  ascends  less  in  the  quarlraturcs ; for  where  the  water 
is  elevated  by  the  action  of  ibe  muon,  it  is  depresst'd  by 
the  action  of  the  sun  ; and  vice  versa.  Thereiurt^  while 
the  moon  passm  fnjin  the  syaygy  to  the  (joadraliire,  the 
daily  elevations  are  continually  diminished  : on  the  cun* 
irury,  they  arc  iricreaM'd  while  Ihe  moon  moves  from  the 
quadrature  to  {he  s)^vgy.  At  a new  Kioon  n!v>,  atterh 
paribus,  the  elevations  are  greater ; uiul  those  that  loliow 


tation  towards  the  tnoon,  as  the  acting  power  above  men* 
tionc-tl  ; tin  n the  earth  would  tall  or  move  straight  tir* 
wards  the  moon,  but  still  retaining  its  true  spherical  fi* 
gurc. 

But  the  fact  is,  that  the  elfects  of  the  moon’s  action,  as 
Well  ns  the  uCltun  itself,  on  dilh-reni  parts  of  the  earth,  are 
not  equah  those  parts,  by  the  general  Iftd^  of  gravity, 
being  most  attracted  that  arc  i>carcsi  the  moon,  and  those 
being  least  attracted  that  ate  farlhist  Iront  her,  while  the 
parts  that  arc  at  tt  middle  distance  arc  altracled  by  a mean 
degree  of  force  : iK'sides,  all  the  parts  arc  n«»t  acted  on 
in  parallel  lines,  but  in  lines  directed  towards  the  cen- 
tre of  the  iiuK»n  : on  both  wbich  accounts  the  sphencai 
iigurc  of  tbe  Iluid  earth  must  sutler  some  change  irom  the 
action  of  tbe  imKiit.  So  that,  ii)  falling,  as  above,  the 


one  another  the  same  duy^  are  mote  dillcrent  than  til  full  ' nearer  parts,  Ixdng  most  ntlrucud,  would  fail  quickest ; 


mt>on. 

7.  The  greoti  st  elevations  and  depressions  arc  ob- 
served till  the  ?d  or  3d  day  after  the  new  or  full  moon. 
And  if  W'C  consider  tbe  luminaries  receding  from  the  plane 
of  the  equator,  wc  shall  perceive  that  the  agitation  is  di- 
minished, and  becomes  less,  according  as  the  dcchiuuion 
of  the  luminaries  In  comes  grenler. 

8.  In  the  syaygk's,  and  lu'ar  the  equinoxes,  the  tides  are 
observed  to  be  the  greatest,  both  luminaries  being  in  or 
near  the  equator. 

9.  Tbe  actions  of  the  sun  and  mr>oii  arc  gn-atcr,  the 
nearer  those  bodies  are  to  the  earth  ; and  the  less,  as  they 
arc  farther  olT.  Also  the  greatest  tides  happen  near  the 
equinoxes,  or  rather  when  the  sun  is  a litth:  to  the  south 
of  tbe  equator,  that  is,  a little  before  the  vernal,  and  after 
the  autumnal  equinox.  But  yet  this  dors  not  happen  re- 
gularly every  y<uir,  because  some  vaiiation  may  arise  from 
the  situation  of  the  moon*s  orbit,  and  the  distance  of  the 
syzygy  from  the  equinox. 

10.  All  these  phenomena' obtain,  as  describetl,  in  the 
Open  sea,  where  the  ocean  is  extended  enough  to  be  sub- 
ject to  these  motions.  But  tbe  particuhtr  situations  of 
placet,  as  to  shores,  capes,  straits,  8cc,  disturb  these  gene- 
ral rules.  Yet  it  is  plum,  from  the  most  common  and 
univi'rsa]  observations,  ihiu  tbe  tides  follow  the  laws  above 
laid  down. 

1 1.  The  mean  force  of  the  moon  to  move  the  sea,ts  to 
that  of  the  sun,  iii'arly  as  to  I.  And  therefore,  if  the 
action  of  the  sun  alone  produce  a tide  of  .2  feel,  which  it 
has  been  stated  to  do,  that  of  the  moon  will  be  9 feet ; 
from  which  it  follows,  that  ihe  spring  tides  will  be  11  feet, 
and  the  neap  tides  7 feet  high.  But  as  to  such  elevations 
as  far  exceed  these,  they  happen  from  tbe  motion  of  the 
waters  against  some  obstacles,  and  fn^m  the  sea  violently 
enteringinto  straits  or  gulpbs  where  tbe  force  is  nut  broken 
till  Uie  water  rises  higher. 

Tkcory^<nf  the  Tides. 

1.  If  the  earth  were  entirely  fluid,  and  quiescent,  it  is 
evident  that  its  particles,  by  their  mutual  gravity  towards 
each  other,  would  form  the  whole  mass  into  the  figure  of 
an  exact  sphere.  Then  suppose  some  power  to  act  on  all 
the  particles  of  this  sphere  with  an  equal  force,  and  in  pa- 
rallel directions;  by  such  a power  the  whole  muvs  will  be 
moved  together,  but  its  6gurc  will  suffer  110  altcraliuii  by 
it,  being  still  the  same  perfect  splu-re,  wboM:  centre  will 
have  ibc  same  motion  as  each  particle. 

On  this  supposiuoti,  if  the  motion  of  the  earth,  round 
the  common  centre  of  gravity  of  the  earth  and  niopn,  were 
destroyed,  and  the  earth  left  to  the  iuOucncc  of  iu  gravi- 


the  farther  pjrls,  being  huvi  nttrncted,  wntild  full  slowest;  ' 
nnd  the  tluiJ  mass  would  be  Icuglheitcd  out,  ai.d  take  a 
kimi  of  !>pliiToidical  form. 

Hence  it  appears,  and  w hat  must  be  carefully  uhuTved, 
that  It  is  not  the  actum  of  the  moon  iiseli,  but  the  inequa- 
lities III  that  action,  that  cause  any  variation  from  the 
spill  figure  ; uml  that,  if  this  acliun  were  tbe  sutiie  in 
all  llie  pariicli'S  ns  in  the  ciiitral  parts,  and  o]>cratiiig  in 
the  same.direction,  no  such  change  would  ensue. 

Let  us  now  admit  the  parts  of  the  earth  to  gravitate  to- 
wards its  Centre : then,  as  this  gravitation  fur  cxcet'ds  the 
action  of  the  moon,  and  much  more  exceeds  tV  differ- 
ences of  her  actions  «n  different  parts  of  the  earth,  the 
effect  that  results  from  the  inequalities  of  these  actions  of 
the  moon,  w-ill  be  only  a small  diminution  of  the  gravity  of 
those  parts  of  the  e^th  which  it  cndeuvouied  in  Ihe  for- 
mer supposition  to  separate  from  its  centre : ihat  is,  those 
parts  of  tbe  eaith  u bteb  are  nearest  to  the  niuou,  and  llioac 
that  are  farthest  from  her,  will  have  their  gravity  toward 
the  earth  sumcwlml  abated,  to  say  nothing  of  the  lateral 
parts.  So  that  supposing  the  earth  fluid,  the  Columns 
from  the  ceuire  to  the  nearest,  and  to  tbe  fKrthest  parts, 
must  rise,  till  by  their  grcBler«li(ight  they  be  able  to  ba- 
lance the  other  columns,  w hose  gravity  is  less  altered  by 
tbe  inequalities  of  the  rnooit's  action.  And  thus  the  figure 
of  tbe  earth  must  still  be  an  oblong  spheroid. 

Considering  now  the  earth,  instead  of  falling  toward  the 
moon  by  ib  gravity,  as  projected  in  any  din-ciion,  .so  as 
to  move  round  the  centre  of  gravity  uf  the  earth  and 
tnoon : it  is  evident  that  in  this  coh',  the  several  parts  of 
the  fluid  earth  wilt  still  preserve  their  relative  poaitiuns  ; 
and  the  figure  of  the  earth  will  remain  the  same  as  if  it  fell 
freely  toward  the  moon;  that  is,  tbe  earth  will  still  assume 
a spheroidal  form,  having  its  longest  diameter  directed  to- 
ward the  nuMin 

From  the  abovq. reasoning  it  appears,  that  the  parts  of 
the  earth  directl5' 
under  the  moon,  as 
at  11,  and  also  the 
opposite  parts  at  D, 
will  have  the  flood 
or  high  w ater  at  the 
sanie  time ; wliile 
the  parts,  at  D and 
F,  at  90°  distance, 
or  where  the  moon 
appears  in  the  hori- 
zon, will  have  the 
ebbi  or  lowest  wa- 
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trri  at  ihut  rime,  licncc,  as  ilic  earth  turns  round  iu  earth,  and  iherefon*  unite  their  forces ; consequently,  in 

axis  from  the  m«>on  to  the  Mime  body  again  in  24  hours  the  syasygies,  or  attiew  and  full  moon,  the  tides  arc  the 

48  minutes,  this  oval  nl  water  must  dbilt  ^sith  it;  and  greatest,  being  what  are  called  the  Spring-Tides.  Rut 

ihu>  there  w'lil  be  two  tides  of  flood  and  two'  of  ebb  in  the  action  of  the  sun  dimini»he*  (he  eflect  of  (be  moon's 

that  time.  action  in  the  quarters,  because  the  one  raises  the  water 

Rut  ft  if  farther  esident  that,  by  the  motion  of  (he  earth  in  that  case  where  the  other  depresses  it;  therefore  the 
about  her  axis,  the  most  elevated  part  of  the  w ater  is  car*  .tides  arc  the  least  in  the  quadratures,  and  arc  called  Neap* 
ried  beyond  the  moon  in  the  diiection  of  the  rotation.  So  Tides. 

that  ilte  water  continues  to  rise  after  it  has  passed  di*  Newton  has  calculatvsl  the  cflccls  of  the  sun  and  moon 
reedy  under  the  moon,  though  the  imtnediutc  action  of  it'speclivcly  on  the  tides,  from  their  attractive  powers, 
the  moon  there  U'gins  to  decrease,  and  conus  not  to  its  The  former  he  finds  to  be  to  the  force  of  gravity,  as  1 to 
gveaieM  elevation  till  it  Ims  got  about  half  a quad-  12868200,  and  to  the  centrifugal  force  at  the  equator  ns 
rant  farther.  It  continues  also  to  dt'seend  after  it  has  1 to  44527*  The^levatiou  of  the  waters  by  this  force  U 
passed  a!  yo'®  distance  from  rlie  point  below  the  moon,  to  considered  by  Newton  as  an  ofiect  similar  lo  the  elevation 
u like  distance  of  uhoui  half  a quadrant.  The  greatest  of  the  rquatonal  parts  above  the  polar  parts  of  the  earth, 
elcvathm  then  fore  is  not  in  the  line  drawn  thrimgli  the  arising  from  the  c<  ntrifugal  force  at  the  equator ; and  as 
centres  of  the  earth  uiio  moon,  nor  the  lowest  points  it  is  44^27  limes  Ic^,  he  finds  it  to  be  24f  inches,  or  2 
where  the  moifti  apjHxirs  in  (he  horixon,  but  all  these  feet  and  | au  inch. 

about  t*a)f  a quach^.int  reinoved  i'a<'(ward  from  tbest' points.  To  find  the  force  of  the  moon  on  the  water,  Newton 
in  the  direct. on  of  the  motion  of  rotation.  I'hus  in  open  con  pures  the  sprmg*tides  at  the  mouth  of  the  river  Avon, 
teas,  where  the  watv*r  flows  Ircely,  the  moon  m is  generally  below  Bristol,  with  the  mup'tidi^  there,  and  finds  the  pro- 
pa<>t  the  north  and  south  meridian,  ns  at  p«  when  the  high  portion  us  9 to  5 ; whence,  after  several  necessary  cor* 
water  is  at  x and  at  n : (he  rt'uson  of  which  is  plain,  bi**  rcctions,  he  concludes  that  the  force  of  (he  moon  to  that 
CHUst'  the  moon  acts  with  the  same  force  after  she  lias  of  the  sun,  in  raising  the  waters  of  the  ocean,  is  as  4’4S15 
parsed  the  meridian,  and  thus  adds  to  the  libraiory  or  lo  I ; so  tbat  the  force  of  the  moon  is  able  of  itself  to 
waving  motion,  which  the  water  acquired  when  xhc  was  produce  an  eli  vation  of  *)  feet  I j inch,  and  the  sun  and 
in  the  meridian  ; and  then-fore  the  time  of  high  water  is  moon  together  may  produce  an  tdevation  of  about  1 1 feet 
not  prv-Cisely  at  the  tiiue  of  her  comirq^  to  the  meridian,  2 inches,  when  at  (heir  mean  distances  from  the  earth,  or 
but  some  time  after,  &c.  an  elevation  of  about  12|  feiM,  when  the  moon  is  nearest 

Bcsidc^,  (lie  tides  answer  not  always  to  the  same  di*  (he  earth.  Tbc  height  to  winch  the  water  is  found  to  rise, 
stance  of  the  muon,  from  tlie  meridian,  at  the  same  places;  on  coasts  of  the  open  and  deep  ocean,. is  agreeable  enough 
but  lire  vahou<*ly  uflected  by  tbu  action  of  the  sun,  which  to  this  computation* 

brings  them  on  sooner  when  the  moon  is  in  her  first  and  Dr.  Horsley  estimates  the  force  of  the  moon  to  (ii^t  of 
third  quarters,  and  kn-ps  them  buck  later  when  she  is  in  the  sun,  as  5'046‘t)  to  1,  in  his  edit,  ivf  Newton’s  Priiicip. 

• her  2d  and  4th;  because,  in  the  former  case  the  tide  See  tbr  Princip.  Iib..%  mx*!.  3,  pr.  d6  and  37 ; also  Mac* 
raised  by  the  sun  alone  would  he  earlier  than  the  tide  laurin’s  Dissert,  cie  Causa  l^hysica  Fluxus  et  Kefluxus* 
raised  by  the  moon,  and  in  the  latter  ca.se  later.  ^ Maris  apud  Phil.  Nat.  Princ.  Ma  h.  Coniinrnt*  Ic  Seur  Sc 

9.  We  have  hitherto  advertixl  only  to  the  action  of  (he  Jacquier,  turn.  3,  pa.  272.  And  other  calculator  make 
moon  in  producing  (idea;  but  it  is  manifest  that,  for  the  the  proportion  still  more  different. 

same  n-asons,  (he  inequality  of  the  sun's  action  on  dif-  3.  It  must  he  observed,  that  the  spring-tides  do  not 
fennt  parts  of  the  earth,  would  produce  a like  eflect,  and  hap|M*n  precisely  at  new-  and  full  moon,  nor  the  neap-tides 
u like  variation  from  the  exact  spherical  figure  of  a fluid  at  the  quarters,  but  a day  or  two  alter ; because,  a«  in 
earth.  So  that  in  reality  (here  arc  two  lidi*8  every  na-  other  case>,  so  in  this,  the  effect  is  not  grcuiesi  or  least 
tural  day  from  the  action  of  (he  sun,  as  there  are  in  the  when  the  immediate  influence  of  the  cause  is  greatest  or 
* lunar  day  from  that  of  the  moon,  subject  to  (he  same  least.  As,  fur  example,  the  greatest  hcut  is  not  uii 
laws;  and  the  lunar  tide,  as  we  have  observed,  is  some*  the  day  of  the  solstice,  when  (he immediate  action  of  the 
whnt  changed  by  the  action  of  the  sun,  and  (be  change  sun  is  greatest,  but  some  lime  after;  so  likrwisi-,  if  the 
varies  every  day  on  account  of  the  inequality  between  actions  of  the*  sun  and  moon  should  suddenly  ccB*>e,  yet 
the  natural  and  the  lunar  day.  Indeed  the  cifcct  of  the  the  tides  would  continue  to  have  their  course  for  some 
sun  in  producing  tidi-s.  Iiecause  of  his  immense  distance,  time;  and  like  also  8s  (he  waves  of  the  st-a  continue  after 
must  be  considerably  less  than  tbat  of  the  moon,  though  a storm. 

the  gravity  toward  the  sun  he  much  gieatcr ; for  it.is  4.  The  different  distances  of  the  moon  from  the  earth 
not  (he  action  of  (be  sun  or  moon  itself,  but  (he  inequa-  pnkluce  a sensible  variation  in  the  tides.  When  the  moon 
litu's  in  that  action,  that  have  any  effect : the  sun's  di*  approaches  toward  (he  earth,  her  attion  on  every-  part  in* 
stance  is  so  great,  that  the  diameter  of  the  earth  is  but  creases,  and  the  differences  of  that  action,  on  which  (he 
as  a point  in  comparison  with  it,,  and  therefore  the  dif-  tides  depend,  also  increase  ; and  as  the  inmm  approaches, 
ference  between  the  sun’s  actions  on  the  nearest  and  far-  her  action  on  the  ncaii'st  parts  inerrasea  more  quickly  than 
thett  parts,  becomes  vastly  less  than  it  would  be  if  the  that  on  ihe  remote  parti*,  ho  that  the  (ides  increase  in  a 
sun  were  as  near  as  the  moon.  However  the  immense  higher  proportion  as  the  moon's  distances  decrease.  In 
bulk  of  the  sun  makes  the  cOect  still  sensible,  even  at  so  fact,  it  is  shown  by  Newton,  that  the  rides  increase  in 
great  a distance ; and  therefore,  though  the  action  of  the  proportion  as  the  cubes  of  (hr  distances  d*'crra5e;  so 
moon  has  the  greatest  share  in  producing  the  tides,  the  that  the  moon  at  half  her  distance  would  produce  a tide 
action  of  the  sun  adds  si-nsibly  to  it  when  they  conspire  6 limes  greater. 

together,'  as  in  the  full  and  change  of  the  moon,  when  I'hc  moon  describes  an  ova!  about  tbi  earth,  and  at  her 
e they  arc  nearly  in  the  same  line  with  t)ic  centre  of  the  nearest  distance  produces  a tide  sensibly  greater  than  at 
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ber  greatest  divtancc  from  the  earth  : .and  hence  it  is  that 
two  great  spring-lid»*»  never  :>ucceed  each  other  immediate- 
ly ; fur  if  the  moon  be  at  her  least  distance  from  tlie  earth 
at  the  change,  «he  must  be  at  her  greatest  distance  at  the 
full,  having  made  half  a resrtiution  in  the  intervi'ning 
tiiiK%  auil  therefore  the  spring-tide  then  will  he  murh  less 
than  (but  at  the  last  change  was;  and  for  the  tanu*  n^asoiv 
if  a great  spring-tide  happen  at  the  time  of  full  mcon,  the 
tide  at  the  ensuing  change  will  Ik*  less. 

5.  The  sf>ring-tides  are  liighest,  and  the  neap-tides 
lowest,  about  the  time  of  the  equinoxes,  or  the  latlrr  end 
of  March  and  September;  and,  on  the  contrary,  the 
spnng-lides  are  the  lowest,  and  (he  m^p-tidc^  the  highest, 
at  the  solstices,  or  abciul  the  latter  end  of  June  and  De- 
cember: to  that  the  diHcrenca  between  the  spring  and 
neap  tidet,  is  much  more  oontideiahlc  about  the  cquinoc- 
tial  than  the  aolstitml  seasons  of  (be  year.  To  illustrate 
ami  evince  the  (ruth  of  ibis  observation,  let  us  consider 
tbe  efl'ect  of  the  luminarit^  on  the  tides,  when  in  and  out 
of  the  plane  of  the  equator.  Now  it  it  manifest,  that  if 
ciliier  the  tun  or  tm»oii  were  in  the  pole,  they  could  not 
have  any  effect  on  the  tides;  for  their  action  would  raise 
all  the  water  at  the  equator,  or  at  any  parallel,  quite 
around,  to  a uniform  heiglit ; and  therefore  any  place  of 
the  earth,  in  describing  its  parallel  to  the  equator,  would 
not  meet,  to  iU  counc,  with  any  part  of  the  water  more 
elevated  than  another;  to  that  there  could  be  no  tide  in 
any  place,  that  is,  no  alteration  in  the  height  of  the 
waters. 

On  the  other  hand,  the  effect  of  the  sun  or  moon  is 
greatest  w hen  in  tbe  equinoctial ; for  then  the  axis  of  the 
spheroidal  figure,  arising  from  their  action,  moves  in  the 
greatest  circle,  and  tbe  w ater  is  put  into  the  greatest  agi- 
ution ; and  hence  it  is  that  the  spring-tides  produced 
when  tbe  sun  and  moon  arc  both  in  the  equinoctial,  are 
the  greatest  of  any,  and  (be  neap-tides  the  Ica&l  of  any 
about  that  time.  And  when  the  luminary  is  any  where 
between  the  equinoctial  and  the  pole,  the  (ides  are  the 
smailer 

t).  The  highest, spring-tides  are  after  tbe  autumnal  and 
before  the  vernal  equinox  : tbe  reason  of  which  is,  because 
the  sun  is  nearer  the  earth  in  winter  than  in  summer. 

7.  ^ince  the  gn*atest  of  the  (wo  tides  happening  in 
every  diurnal  revolution  of  the  moon,  is  that  in  which  the 
muon  is  nearest  the  xenith  or  nadir;  for  this  reason, 
while  the  sun  is  in  the  northern  signs,  the  greater  of  the 
two  diunial  tides  in  our  climates,  is  that  arising  from  (he 
muon  above  the  horizon;  when  the  sun  is  in  the  southern 
signs,  the  greatest  is  that  arising  frotn.  tbe  moon  below 
the  horizon.  Thus  it  is  found  by  observation  that 
the  evening  tides  in  the  summer  exceed  the  morn- 
ing tides,  and  in  winter  the  morning  tides  exceed  the 
evening  tides.  The  difference  is  found  at  Bristol  to  amount 
to  IS  inches,  and  at  Plymouth  to  12.  It  would  be  still 
greater,  but  that  tbe  fluid  always  retains  an  impressed  mo- 
tion for  some  time;  so  that  the  preceding  tides  affect  al- 
ways those  that  follow  them.  Upon  the  whole,  while  the 
moon  has  a north  declination,  the  greatest  tides  in  the 
northern  hemisphere  are  when  she  is  above  tbe  horizon, 
and  the  reverse  while  her  declination  is  south. 

H.  Such  would  the  tides  regularly  be,  if  tbe  carlli  wvre 
all  over  covered  with  the  i>eu  very  deep,  so  that  the  water 
might  freely  follow  the  tnduence  of  the  sun  and  moon  ; 
but,  by  reason  of  the  shoniness  of  some  places,  und  the 
^rowness  of  the  straits  in  others,  through  which  the 


tides  are  propagated,  there  arises  a great  diversity  in  the 
cfffct  according  to  the  various  circunihiances  of  the 
place.s.  i'hus,  a very  slow  and  imperccptibk'  motion  of 
the  whole' body  nf  water,  where  it  is  very  deep,  as  2 iajh*s 
for  instance,  will  suffice  to  raise  its  surface  10  or  12  feet 
(luring  the  poricxl  of  a tide  : whereas,  if  the  same  quan- 
tity of  water  were  (o  he  conveyed  through  a chuiiiu.*!  of 
40  futhoms  d(xq),  it  would  require  a very  rapid  stream  to 
effect  it  in  so  large  iulcts  as  are  thcEngfhb  channel, und  the 
German  bcvaii;  whence  the  tide  is  found  to  set  strongest 
in  those  places  where  the  sea  grows  narrowest,  (he  same 
quantity  of  water  being  in  that  case  to  pass  through  a 
smaller  passage.  This  is  particularly  observable  in  the 
straits  betweea  Portland  and  Cupc  la  Hogue  in  Nor- 
mawly,  where  the  tide  runs  like  a sluice:  and  would  be 
yet  more  so  between  Dover  and  Calais,  if  the  tide  coming 
round  the  island  did  not  check  it. 

This  force,  when  once  imprn^d,  continues  to  carry  the 
water  above  the  ordinary  height  in  the  ocean,  especially 
where  the  water  meets  a direct  obstacle,  as  it  dues  in  St. 
Maloes;  and  where  it  enters  into  a long  channel  which, 
running  far  into  (he  land,  becomes  very  strait  at  its  ex- 
tremity, as  it  does  into  the  Severn  sea  at  Chepstow  and 
Bristol. 

This  bhoalncfis  of  tbe  sea,  and  the  intercurrent  conti- 
nents, arc  the  reasons  that  in  the  open  ocean  tbe  tide« 
rise  but  to  very  small  heights  in  proportion  to  what  they 
do  in  widi'-mtjuthvd  rivers,  opening  in  the  direction  of 
(be  stream  of  tbe  tide;  and  that  high  water  is  not  soon 
alter  tbe  moon’s  appulse  to  the  meridian,  but  some  hours 
after  it,  as  it  is  observed  on  all  the  wewtern  coast  of  Eu- 
rope and  Africa,  from  Ireland  to  the  Cape  of  Good  Hope; 
in  all  which  a south-west  moon  makes  high  water;  and 
the  same  it  is  said  is  (be  case  on  tbe  western  side  of  Ame- 
rica So  that  tides'iiappcn  to  different  places  at  all  di- 
stances of  the  moon  from  the  meridian,  and  omsequcntlj. 
at  all  hours  of  the  day. 

To  allow  (he  tidies  tbeirfull  motion,  the  ocean  in  which 
they  arc  produced,  ought  to  be  extended  from  east  to  w(*st 
5)0  degrees  at  least;  because  that  is  tbe.  distance  between 
the  places  where  tbe  water  is  most  raised  and  depressed 
by  the  moon.  Hence  it  appears  that  it  U only  in  the  great 
oceans  that  such  tides  can  be  produced,  and  why  in  tbe 
larger  Pacific  ocean  they  exceed  those  in  the  Atlantic 
ocean.  Hence  also  it  is  obvious,  why  the  tides  arc  not  »u 
great  in  the  torrid  zone,  between  Africa  and  America, 
where  the  ocean  is^uarrower,  as  in  tbe  temperate  zoues  on 
cither  side;  and  hence  we  may  also  understand  why  the 
tides  arc  so  small  in  islands  (bat  are  very  far  distant  from 
the  shores.  It  is  farthiT  manifest  that,  in  the  Atlantic 
ocean,  the  water  cannot  rise  on  one  shore  but  by  dcsceml- 
iag  on  the  other;  so  that  at  tbe  intermediate  island>  it 
must  coatinuc  at  a mean  height  between  its  elevations  on 
those  two  shores.  But  when  tides  pass  over  sh'wls,  and 
through  straits  into  bays.of  the  sea,  tbeir  niotiuo  becomes 
more  various,  and  their  height  depends  on  many  circum- 
stances. 

To  be  more  particulart  Tlic  tide  that  ia  produced  on 
the  wcDtcm  coasts  of  Europe,  in  the  Atlantic,  corrx-^fionds 
to  the  situation  ufthe  muon  already  described.  'I'bus  it 
is  high  water  on  tbe  western  coasts  of  Ireland,  Portugal 
and  Spain,  about  tbe  3d  hour  after  the  moon  ba<  passed 
the  meridian  ; from  thence  it  flows  into  the  adjacent  chan- 
nels, as  it  fliids  the  easiest  passage.  One  current  from  it, 
for  iustance,  runs  up  by  the  south  of  Eluglaiid,  and  ano- 
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iher  coiurt  in  by  tbc  north  of  Scotland  ; they  taheacon-* 
aulerablv*  tunc  to  inuve  through  ibis  extern,  nrakiinral* 
M'uys  high  water  sooner  in  the  places  to  which  they  tint 
come ; and  it  begins  to  fa^l  at  these  places  while  (he  car* 
rents  are  still  going  on  to  oibon  that  an*  farther  distant  in 
their  coum*.  As  they  retorn,  they  are  nut  able  to  raise 
the  tide,  becaose  liie  water  runs  faster  oil'  than  it  returns, 
till,  by  a new  'tide  propagated  from  the  open  ocean,  the 
relurti  of  tb«  current  is  stopped,  and  the  water  begins  to 
rise  again.  I'he  tide  propagated  by  the  moon  m the  Ger- 
man ocean,  whtyi  she  is  5 hours  past  tbe  meridian,  lakes 
I'J  hours  to  come  from  thence  to  London  bridge:  ao  that 
when  It  is  high  water  there,  a now  tide  is  already  come  to 
its  height  in  the  ocean.;  and  in  tome  jntcrmediale  place  il 
must  Ik*  low  water  at  the  same  time.  Consequently  when 
tha  moon  has  north  declination,  and  we  should  expect  the 
tide  at  London  to  be  the  grealot  when  the  moon  is  above 
iUeborixon,  we  lind  it  is  least;  and  (be  contrary  when 
sb#  has  south  declination. 

At  seventi  places  it  is  high  water  5 hours  before  tbe 
roooii  comes  to  the  meridian ; but  that  tide,  which  the 
moon  drives  as  it  were  before  her.  isonly  the  tide  oppoaite 
to  that  which  was  raised  by  her  when  abe  was  9 hours  past 
the  opposite  meridian. 

It  would  be  endless  to  recount  all  the  particular  solu- 
tions, which  are  easy  consequences  from  this  doctrine:  us, 
why  the  lakes  aud  seas,  such  as  tbe  Caspian  sea  and  the 
Mediterranean  sea,  the  Black  sea  and  ihe  Baltic,  bare 
little  -or  no  sensible  tides:  for  lakes  are  usually  so  small, 
that  when  the  moon  is  vertical  she  attracts  every  part  of 
them  alike,  so  that  no  part  of  tbe  water  can  be  raised 
higher  than  another:  and  baYingno  communication  with 
the  uceaR,  il  can  neither  increase  nor  diminish  their  wa* 
ter,  to  make  it  riw*  and  fall ; and  seas  that  cominunicate 
hy  such  narrow  inlets,  and  are  of  so  immense  an  extent, 
cannot  speedily  receive  and  empty  water  enough  to  raise 
or  sink  their  surface  in  any  sensible  degree. 

In  general;  when  (he  lime  of  high  water  at  any  placo. 
is  mentioned,  it  is  to  be  undentood  on  tbe  days  of  new  and 
full  moons.— Among  pilots^  it  is  customary  to  reckon  the 
lime  of  flood,  or  high  water,  by  the  point  tif  the  compass 
tbe  moon  bears  on,  at  that  time,  allowing  i of  an  hour  Ibr 
each  point.  Thus,  on  the  full  and  change  days,  in  placv-s 
wiierv  it  is  flood  at  mmn,  tbe  tide  is  said  to  flow  north  and 
south,  or  at  12  o’clock:  in  other  places, on ‘the  same  days, 
where  the  nroon  bears  1,  2. 9,  4,  or  more  points  to  the  east 
or  west  of  the  meridian  when  it  is  high  water,  Ihe  tide  is 
said  to  flow  on  such  point ; thus,  if  (he  rootm  bears  a K,  at 
flood,  it  it  said  to  flow  %z  and  n w,  or  3 hours  before  the 
lueriBian,  that  is,  ut  9 o’clock  ; if  it  bears  aw,  it  Bows  sw 
and  V E,  or  at  3 hours  after  the  meridian  ; and  in  like  man- 
ner for  the  other  points  of  the  moon’s  bearing. 

Tbe  limeaof  higli  water  in  any  place  fall  alx>iU  the  same 
hours  after  a period  of  about  15  dlys,  or  betwtfen  qne 
spring  tide  and  another;  butduringthatpi’riod,  the  times 
ot  high  water  fuU  each  day  later  by  about  49  minutes. 

On  tbe  subject  of  this  article,  see  Newton  Princ.  Math, 
lib.  3»  pr<ip.  24,  Hud  I)e  System.  Mundi  sect.  38, 

Apud  Opera  adit.  Horsley,  tom.  3,  pa.  52  dec,  pa.  205  Ac. 
Maclaurin’s  Account  of  Newton's  Discoveries,  book  4, 
ch.  7.  I'ergusoo's  Astroo.  cb.  17.  Robertson's  Navig. 
book  6,  sect.  7*  8,  9.  Lalande’s  Aslroii.  vol.4.  See  also 
tbe  article  Physical  Astronomy  in  this  dictionary. 

Tide  iXoi,  an  iiistrumont  contrived  by  Mr.  Ferguson, 
for  cxbibiliog  aud  detcrraitung  tbe  state  of  the  tides : 


for  tbe  construction  and  use  of  wbicb;  auc  bis  Asiron. 

pa.  297. 

Tide  TahUt,  arc  tables  commonly  exhibitrng  thetimoe 
of  high  water  at  sundry  plucea,  as  they  fall  on  the  days 
of  the  full  and  change  of  the  Tnoon,  and  sometimes  the 
height  of  them  al*.o.  1 heso  are  common  in  roost  books 
on  navigation,  particularly  Robertson's,  and  the  tables  re- 
quisite to  be  used  with  the  Nautical  Almanac.  See  one 
at  Htoii'Water. 

TiLRCE,  or  Tsirce,  a liquid  measure,  as  of  wine,  oil, 
Ac,  containing  42  gallons,  or  the  5d  pait  of  a pipv; 
whence  its  name. 

TIME,  asucct'sston  of  phenomena  in  the  universe;  or 
a mode  of  durations  marked  by  certain  periods  and  mea- 
sures ; chiefly  indeed  by  the  motion  and  revolution  of  the 
lutninaricf,  and  particubiHy  of  tbe  sun. 

The  idcaof  time  in  general,  Locke  observes, we  acquire 
by  considering  any  part  of  infinite  duration,  as  set  out  by 
periodical  m«'asurca  : the  idea  of  any  particular  time,  or 
length  of  duration,  as  a day,  an  hour,  Ac,  wc  acquire  first 
by  observii^  certain  appearances  at  regular  and  seemingly 
equidistant  [leriods.  Now,  by  being  able  to  repeat  these 
lengths  or  measures  of  (iiiie  as  olieu  us  we  will,  we  can 
imagine  duralkm,  where  nothing  really  endures  or  exists  ; 
and  thus  we  imagine  to.iuornm,  or  next  year,  Ac. 

Some  of  ibr  later  schouLphiloaophers  define  time  to  be 
the  duration  of  a thing  whose  existence  is  neither  without 
biginning  nor  end  : by  this,  time  is  distinguished  (rum 
eternity. 

Aristotle  and  tbe  Peripatetics  define  it,  namerus  mottis 
secundum  prius  et  poslerius,  or  a multitude  of  tramteat 
parts  of  im»tion,  succeeding  each  other,  ina  continual  flux, 
in  (be  relation  of  priority  and  |M>elrritinty.  ilcnce  it 
should  follow  that  time  is  ni4>iiuo  itself, or  at  least  tbe  du- 
rationof  motion, considered  as  having  several  parts,  some  of 
which  are  continually  succeeding  to  others.  But  on  this 
principle,  time  or  (cinporaJ  duraiion  would  not  agree  to 
bodies  at  rest,  which  yet  nobody  will  deny  to  exist  mi  time, 
or  to  endore  fur  a time. 

To  avoid  this  inconvenience,  the  F-picurrarw  and  Cor- 
puscuiartans  made  tune  to  be  a kind  of  flux  different  from 
ntotion.  consisting  of  infinite  parts,  continually  and  imme- 
dialely  succeeding  enen  other,  and  ^his  from  eternity  tu 
clcrniiy.  But  others  directly  explode  this  notion,  as  esta- 
blishing an  Hemal  b«’ing,  independent  of  Gmf,  For  how 
should  there  be  a flux  before  any  thing  existed  to  flow  ? 
and  what  should  that  flux  be,  k substanc*',  or  an  accident  ? 
According  to  (he  philosophic  poet, 

**  Time  of  itself  is  nothing,  but  fmm  thought 
Recaves  its  rise ; by  labouring  fancy  wrought 
From  things  consider’d^  while  we  think  on  some 
As  prest  nt,  some  as  past,  or  yet  to  come.  • 

No  thought  Can  think  oo  time,  lhais  still  confswt, 

Rut  thinks  on  things  in  motion  or  at  rest." 

And  soon.  Vide  Imcretiits,  book  i. 

Time  may  be  distinguished,  hkb  place,  into  abaolute  and 
relaDvc. 

^bmhte  Time,  is  time  considered  in  itself,  and  without 
any  rclution  lu  bodies,  or  their  motions. 

Relativt  or  Apparent  Time,  is  tbe  sensible  measure  of 
any  duration  by  nu-ans  of  motion. 

Some  authors  divide  time  into  astronomical  and  cisil. 

AuriHtomical  Time,  is  that  which  is  taken  purely  from 
the  motion  of  tbe  heavenly  bodie*,  without  any  otinrr  re- 
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C/pi7Tihe,  is  the  former  time  accommodated  to  civil 
uses,  and  formed  or  distinguulied  into  years,  months, 
days,  • 

/f/y/kjrmr  Time,  is  that  deduced  from  the  motion  of  the 
hetiveidy  Iwnltes,  as  of-(ht*  sun  : which  » unequal.  And 

Eijuitl^  Mean,  or  7'rae  Time,  is  that  which  U shonn  by 
a uood  cluck,  which  it  is  supposed  never  varies  in  iu  rate 
of 

KifuunonofY\Mt,  \%  the  difference  bitweiU  true  and 
apparent  time. 

Time,  in  .Music,  is  an  affection  of  sound,  by  which 
it  Is  said  to  be  lon|;  or  short,  with  regard  to  its  continuance 
in  the  same  tune  or  degree  of  tune. 

Musical  lime  is  distinguished  into  common  or  duple 
lime,  anti  triple  time- 

Dnnble^  Duple,  or  Common  Time,  is  when  the  notes  arc  in 
a duple  duration  of  each  other,  viz,  a semibreve  equal  to 
2 minims,  a minim  to  2 crotchets,  a crotchet  to  2 qua- 
vers, &c. 

Common  or  double  time  is  of  two  kinds.  The  hrsl 
when  every  bar  or  measure  is  equal  to  a semibreve,  or  its 
value  in  any  combination  of  notes  of  a less  quantity.  The 
second  is  where  ever)  bar  is  equal  to  « minim, or  iU  value 
in  less  notes.  The  movements  of  ibis  kind  of  ineasurcare 
vuriou«,  but  there  are  three  common  distinctions;  the 
first  slow,  denoted  at  the  beginning  of  the  line  by  the  mark 
c ; the  2d  brisk,  marked 

thus^;  and  the  3d  very  brisk,  thus  marked 

*Dip>e  Time  is  when  the  duratioris  of  the  notes  are  triple 
of  each  other,  that  is,  when  the  semibreve  i%  equal  to  3 
minims  the  tnimm  to  3 crotcliels,  &c  ; anil  it  is  itmrkni  t. 

TiME*Jkf<7»rr*,  hi  a guierni  sense,  denote  instruments 
adapted  tor  measuring  tunc.  See  CiiKONOMRTEu.  In 
a more  (lecuiiar  and  definite  Mnse,  lioK-kceper  is  a term 
first  applied  by  Mr.John  ilairpou  to  his  watcht's,  con- 
struried  «ml  u*ed  for  determining  the  longitude  at  sea, 
and  for  which  lie  received,  at  dillercnt  limes,  the  parlia- 
mentary reward  of  20  ihousanrl  )H>unds.  And  several 
other  artists  have  since  received  nlsuconsulerabk  sumsfor 
their  impiovemenis  of  lime-ketpers ; us  Arnold,  .Mudge, 
Ac.  bee  fjovtiiTt'iiB.  'Fhis  appellation  Is  now  became 
common  among  artists*  to  distinguish  such  watches  as  are 
made  with  extrunnliiinry  cart*  ajk!  accuracy  for  fiautical 
or  asliononiicol  oh<iervaiio»s. 

The  principles  of  Mr.  Harrison's  lime-kreper,  as  they 
wcie  communicated  by  bimvelf,  to  the  cominisMoners  op- 
pointcrl  to  receive  and  publish  the  same  in  thryvar  17hy, 
are  as  below  ; •*  In  this  linie-kceper  there  is  the  greatest 
care  taken  to  a\<iid  friction,  as  much  as  can  be,  by  the 
wheel  moving  on  small  pivots  and  »n  ruby-holes,  and  high 
numbers  in  the  wheels  ami  pinions. 

**  The  part  which  menvuu's  time  goes  but  the  8th  part 
of  a minute  without  winding  up  ; so  that  part  M very  sim- 
ple, as  this  winding-up  is  periormed  at  the  whetl  next  to 
the  baUnce-wlnn-l ; by  which  means  there  i<  always  an 
equal  force  acting  at  that  wheel,  and  all  the  rest  of  the 
work  has  no  more  to  do  in  the  mi^asuringot  lime  than  the 
person  that  winds  up  once  a day. 

**'Jbere  is  a spring  in  the  inside  of  the  fusee,  which  I 
will  cal)  a secondary  main  sprmg.  *1  hi»  •piing  is  always 
kept  sir<-iched  to  a certain  tension  by  the  main  spring; 
and  during  the  time  of  winditig-up  the  tiinc-k<eper,  at 
which  time  the  main-spring  is  not  sufferi'd  to  act,  this  se- 
condary spring  supplies  its  place. 


“In  common  watches  in  genera),  the  wheels  have  about 
one-thiid  the  dominion  over  the  balance,  that  the  balance- 
spring bus  ; tUal  is,  if  the  power  which  the  balance-spring 
has  over  the  balance  be  called  thri*e,  that  liom  the  wheel 
is  one  : but  in  this  roy  time-keeper,  the  whtx*is  have  only 
about  one  I8ih  part  of  the  power  over  the  balance  that 
the  balance  spring  has ; and  it  must  be  allowed,  ihc  less 
ilie  wheels  arc  connected  with  the  balance,  the  better, 
llie  wheeU  in  a common  watch  having  this  great  domi- 
nion over  the  balance,  they  cuu,  when  the  watch  is  wound 
up,  and  'the  balance  nt  rest,  set  the  wntch^a-going ; but 
when  iny  time-keeper's  balance  is  at  r<«t,  and  the  spring 
is  woucid  up,  the  force  of  the  w heels  can  no  more  put  it  in 
motion,  than  the  whi*e)s  of  a common  regulator  can,  when 
the  weight  is  wound-up,  set  the  pendulum  a vibrating; 
nor  will  the  force  from  the  wheels  move  the  balance  when 
at  rest,  to  a greater  aqglc  in  proportion  to  the  vibration 
that  It  is  to  fetch,  than  the  force  of  the  w heels  of  a com- 
mon regulator  can  move  the  pendulum  from  the  perpen- 
dicular when  it  is  at  rest. 

“ My  limo-fceejvcr's  balance  is  more  than  three  times 
the  weight  ol  a large  sized  common  watch  Iralance,  and 
three  times  its  diameter ; and  a common  watch  balance 
goes  through  about  6 Miches  of  space  in  a second,  but  mine 
goes  Uirough  about  24  inches  in  that  time:  so  that  had 
my  instrurai’ni  only  these  advantages  over  a common 
watch,  a good  periormance  might  be  expected  from  it. 
But  my  time-ki  q>er  is  noiafii'Ued  by  the  different  degrees 
ot  heat  and  cold,  nor  ngiMition  of  the  ship;  and  the  force 
from  the  wheels  is  applied  to  the  balance  iu  such  a mnn- 
fier,  together  with  the  shape  of  the  Imhince-spring,  and  (if 
1 lotfiy  be  ullowed  the  term)  an  artificml  cycloid,  which 
acts  at  this  sphiis;  so  that  from  these  contrivances,  let 
the  balance  vibrate  more  or  U*ss,  all  iu  vibrations  are  per- 
formed in  the  same  time;  and  therefore  tf  it  go  at  all,  it 
must  go  true,  bo  that  it  is  plain  from  this,  that  such  a 
limc-kirptT  grojs  eiilirviy  from  pmiciple,  and  not  from 
ebanec."— Those  who  may  desire  to  see  a niinutc  account 
of  the  coiistrutliun  bfr.  llarrisou's  time-ki'ep«'r,  may 
consult  the  publication  by  order  of  the  commissioners  of 
longitude. 

\Ve  shall  here  subjoin  a j-liort  view  of  the  iinprovcmenl* 
in  Mr.  llarrivun's  watch,  from  the  account  pn-senudto 
the  board  of  longitude  by  Mr.  Lu<ilum,  one  of  the  gen- 
lipinen  to  whom,  by  order  of  the  coininiiisionrn,  Mr.  Har- 
rison discovered  ant!  explained  tlie  principle  on  which  ins 
lime-keeper  is  constructed.  '1‘hc  defects  in  comnum 
watches  which  .Mr.  Harnvui  propi^K^loremi-dy.arechiefly 
these:  1.  That  the  uiain  spring  acts  not  constunily  with 
the  same  forte,  on  the  wheels,  and  through  them  on  \he 
baluncc : 2.  't  hat  the  balance,  either  urged  with  an  un- 
equal force,  or  meeiing  with  a diffenmt  n-sistance  from  tlie 
air,  or  the  oil,  or  the  frieiinn,  vibrates  through  a greater 
or  less  arch  : 3 Tlwti  liiese  unequal  vibrations  are  not  per- 
formed in  t'tjoal  times:  uiid,  4.  That  ihe  force  of  ibc  ba- 
lance-sprin'f  i-*  .ihetvd  by  a change  of  heat. 

To  Ten  eiiy  the  fiist  deftHTl,  .Mr.  Harrison  has  conirived 
that  his  watch  shall  be  moved  by  a vi*ry  tender  spring, 
winch  never  uumts  itself  mori'  than  otie-eigblh  pari  of  a 
turn,  and  acts  upon  the  balance  thnmgh  one  wheel  only. 
But  such  A spring  cannot  keep  the  watch  in  motion  z lon^ 
lime.  H»  ha<  ilrt  reforc,  joined  amdher,  whose  (iffice  is  to 
w»ml  up  the  first  spring  8 limes  in  every  minute,  and  w hich 
is  itself  wound  up  hut  once  a duv-  To  rcnH*dy  the  secoml 
detect,  he  ust'i  n much  stronger  balance  spring  than  in  a 
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common  watch.  For  if  the  force  of  thi«  spring' upon  the 
balance  remains  the  same,  while  the  force  of  the  other 
vanes,  the  errors  arising  from  that  variation  will  be  the 
less,  as  the  fixed  force  is  the  greater.  But  a stronger 
s^prmg  will  require  cither  a heavier  or  a larger  balance. 
Aheavier  balancewould  have  a greater  friction.  Mr.  Har- 
rison therefore  increases  the  diameter  of  it.  In  a common 
vratch  It  IS  under  an  inch,  but  in  Mr.  Harrison’s  2 inches 
2 tenths.  However,  the  methods  alreailji  described  only 
lessening  the  errors,  and  not  removing  them,  Mr.  Harrison 
uses  two  ways  to  iiiakc  the  times  of  the  vibrations  equal, 
though  the  arches  may  he  unequal ; one  is,  to  place  a pin, 
VI  that  the  balance-spring  pressing  against  it,  has  its  force 
increased,  but  increased  less  when  the  variatjons  are  larger; 
the  other,  to  give  the  pallets  such  a shape,  that  the  wheels 
prias  them  with  less  advantage,  when  the  vibrations  are 
iirgcr.  To  remedy  the  last  defect,  Mr.  Harrison  uses  a 
bar  compounded  of  two  thin  plates  of  brass  and  steel 
about  2 inches  in  length,  riveted  in  several  places  together! 
fastened  at  one  end  and  having  two  pips  at  the  other,  be- 
tween which  ilie  balance  spring  passes.  If  this  bar  be 
stra.ght  III  lemperaie  weaiher  (brass  changing  its  length 
by  heat  more  than  steel)  the  brass  side  becomes  com°ex 
when  It  IS  heated,  and  the  steel  side  when  it  is  cold  : and 
Him  the  puis  lay  hold  of  a diflereiu  part  of  the  spring  in 
different  degms  of  heal,  and  lengthen  or  shorten  it  as  the 
regulator  does  in  a common  watch. 

The  principle*  on  which  Mr.  Arnohl'a  time-keeper  it 
couslrucied  aa*  these  : The  balance  is  unconmeted  with 
the  wheel  work,  except  at  the  time  it  receives  the  impulse 
to  makeit  contiiuie  its  motion,  which  U only  while  it  vi- 
brates JO  out  of  380^  which  is  the  whole  vibration ; and 
during  this  small  interval  it  has  little  or  no  friction,  but 
what  IS  on  the  pivot-.,  which  work  in  ruby  holes  on  dia- 
monds. It  has  but  one  pallet,  which  is  a plane  surface 
formed  out  of  a ruby,  and  has  no  oil  on  it.  Watches  oV 
this  construction,  says  Mr.  Lyons,  go  while  ihev  are  wound 
up ; they  keep  the  same  rate  of  going  In  evt'ry  position, 
and  are  not  atTecieJ  by  the  different  forces  of  the7pnng  ; 
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of  an  acute,  a gntVe,  or  a middle  tone.  Wallis's  Appends 

Ptolcm.  Harm.  pa.  IT2.  v 

Tomk  is  more  particularly  used,  in  music,  fora  certain 
degree  or  interval  of  Ume.  by  which  a sound  may  be  either 
raised  or  lowered  from  one  extreme  of  a concord  to  the 
other,  so  as  still  to  produce  true  melody.  In  tempered 
scales  of  music,  the  tones  arc  made  equal,  but  in  a true 
and  accurate  practice  of  singing  they  are  hot  so.  iVpusch, 
in  Philos.  1 rans.  No.  431.  Besides  (he  concords,  or  har- 
monical  intervals,  musicians  admit  three  less  kinds  of  in- 
tervals, which  arc  the  measures  and  compriiient  parts  of 
the  greater,  and  arc  called  degrees.  Of  these  degrees, 
two  are  called  lone*,  and  the  third  a M-milonc.  'Their 
ratios  in  number  arc  8 to  9»  called  a grrater  lone ; 9 to  10 
called  a lesser  lone;  and  15  to  16,  a semitone. 

The  tones  arise  out  of  (hcsimplt-  concords,  and  arc  equal 
to  their  difference*.  Thus  the  greater  tone,  8:9,  the 
difference  of  a 5th  and  a 4ih ; the  less  tone  9 : 10,  the 
difference  of  a less  3d  and  a 4tli,  or  of  a 5th  and  a greater 
^th  ; and  the  semitone  15  : 16,  the  didi-iciicc  of  a greater 
3d  and  a 4th. 

Of  these  lonci  and  vemitones  every  concord  is  com-  * 
pounded,  amt  consequently  every  one  is  rvsolvable  into  a 
certain  number  of  ibcai.  Thus,  (be  less  3«I  coh^i*»ts  of  one 
greater  tone,  and  one  seraijonc:  the  greater  3d,  of  one 
greater  tunc  and  one  less  tone:  the  4lh,  of*  one  grraier 
lone,  one  less  tone,  and  one  sv'mitune:  and  the  5ib,  of 
two  greater  tones,  one  less  lone,  ami  one  Mmtitune. 

JONNAOB,  of  a ship,  i*  the  w<  ight  or  loading  it  is 
supposed  to  bear.  *J‘ho  rule  coniuionly  used  for  computing 
it,  is  to  multiply  the  length  of  the  keel  by  Ihe  breadth  of 
the  beam,  and  that  again  by  hall  the  same  breadth  of  the 
beam  ; the  last  product  divided  by  94,  gives  the  number 
of  tons  burthen.  Thus,  if  the  length  ol  keel  be  100  feet, 
and  the  breadth  of  beam  30 ; then  *”  **  ’^'^  1..*.?  =:  478^ 
is  the  tonnage. 

1 ONSl  ALL  (Cuthbbrt),  a learned  Kngtish  divine 
and  mathematician.  w«is  burn  in  the  year  1476.  He  en- 


^ 7 J iwr».r8  01  me  spnng  ; "uu  m., ye«i  *ie  en- 

is  absolutely  ad-  Icrcd  a student  at  the  universityof  Oxiurd  about  the  year 
North  Pole,  pa.  S30.  * 1491  but  afterwards,  being  driven  from  thence  by  the 
plague,  he  went  to  Cambridge,  and  shortly  after  to  the 
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Sec  IxiXUITUDE. 

IISRI,  or  Fix, I,  in  Chronology,  ihc  first  Hebrew 
Dioiiih  ol  the  cml  year,  and  the  7th  of  the  ecclesiastical 

October  ■"  P““  September  and 

TOD  qfwool,  is  mentioned  in  the  statute  12  Carol.  II. 
c.  32.  as  a weight  containing  2 stone,  or  '-'8  pounds. 

rOlSE,  a French  measure,  conuining  fi  of  their  feet 
.irailar  to  our  fathom.— The  length  of  tlie  Fnnch  toiie,  is 
to  1000,  or  as  213  to  200. 
TON,  is  20  hundred  weight,  or  2240  lbs, 

*’**''’iNo,  in  Architecture.  See  Toae. 
lONt,  or  lo»E,  in  Music,  a property  of  sound,  by 
which  It  comes  under  Ihe  relation  of  grave  and  acute;  or 
the  degree  of  elevation  any  wund  has,  from  the  degree  of 
swiftness  of  the  vibrations  of  the  parts  of  the  sonorous 

bodv.— l-fir  »I>A  1 . ..... 
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university  of  Padua  in  Ilsly,  which  was  then  in  a 8ouri>h- 
iiig  state  of  literature,  where  his  genius  and  learning  ac- 
quired him  great  respect  from  every  one,  particularly  for 
his  knowledge  in  matbematica,  philosophy,  and  juiUpru-  * 
dcnce.  , 

On  his  return  home,  he  met  with  great  favours  from  the 
government,  obtaining  several  church  prefernunb,  and 
the  office  of  secretary  to  the  cabinet  of  the  king,  Hmry 
tl»c  8th.  This  prince,  having  alvv  employed  him  on  siv 
veral  foreign  embassies,  was  so  well  satishid  with  his  con- 
duct, that  he  first  gave  him  the  biftbopric  of  London  in 
1522,  and  aflcrwnrds  that  of  Durliam  in  15J0. 

Tonstall  approved  at  first  of  the  dissolution  of  the  mar- 
riage of  his  benefactor  with  Catlariiie  of  t?pa  n,  and  even 
wruie  a book  in  favour  of  ihg^  dissolution;  but  he  after- 


r.  w ,i.w.  P«rto  oi  the  sonorous  wrote  a book  in  favour  of  ihgt  dissolution;  but  he  after- 

foriM*  Tiiw  ***^i**ure,  degree,  difference,  5tc,  of  wards  condemned  that  work,  and  e.xp*'rienc  d a cfcat  re- 

* _*»  see  lUNE.  O.w.tt^.,  II-  .-.I  e -X  IT  _t 


tones,  sec  Tune. 

The  word  Tone  i«  uken  in  foi»  diffcient  khm.  nmone 
thctincieiils.  I.  FornnyKiund.  2,  FnracerUininier.El; 
M when  It  I.  said  Ihc  difference  between  the  di.penic  and 
dmtmaron  is  a tone.  3,  For  a certain  locus  or  compass 
ol  the  voice;  in  which  sense  they  used  the  Dorian,  Phry- 
gian, Lydian  tones.  4.  For  tension;  as  when  they  speak 
VOL;  II. 


w.  ...  ......  ...  ..w  ..  M p...  w,  IV- 

verse  of  lorlunr.  He  was  ejected  from  thence  •(  Durham 
for  his  religion  in  ibo  time  of  (Idward  tlie  to  which 
however  he  was  restored  again  by  queen  Mary  in  the  be- 
ginning of  her  reign,  hut  was  again  expelhd  in  I5i9  when 
quci*n  Elizabeth  was  settled  in  her  ibrom* ; nnd  be  died  m 
a prison  a few  months  after,  in  the  84lb  year  of  his  age. 
Tonstall  was  doubtless  one  of  the  most  learned  men  of 
3X 
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bi»  time.  “ He  uh»,”  wys  Wood,  **  a fery  «oo<l  (treiian 
and  Kbritian,  an  eloqueni  r^cioriciaii,  a^killui  nuiiUema- 
tician,  a noted  civilian  and  cuuunifti,  and  u prulmiiul  di> 
vine.  But  that  u^hicU  cnaki  th  fur  hi^  givuU-vt  cumiiirmla* 
tion,  is,  that  hrasnuu  was  his  friend,  and  he  a fust  tra-nd 
to  Erasmus,  in  an  epistle  tu  whum  from  Sir  rhomus  More, 
I Slid  this  character  of  ToiisUlt,  that,  As  there  u»n  no 
man  more  adorned  with  knowledge  and  good  liteitmin*, 
no  man  more  severe  and  of  greater  integrity  fur  his  liK  and 
maoners  ; so  there  was  no  man  a more  sweet  and'  pleuMini 
companion,  with  whom  a man  would  rather  cltuosi'  tu 
converse.” 

HU  writings  that  were  published,  wore  chiefly,  1.  In 
Laudem  Matrimonii,  Lund.  15iM,  4to. — But  tlmi  for 
which  he  is  chiefly  entitU'd  to  a place  in  this  work,  wa« 
his  book  on  aritbinciic,  viz,.— 2.  l>e  Arte  SuppuiHiidi, 
Load.  152^,  4lo,  dedicated  to  Sir  Thomas  More.  This 
was  afterwards  several  limes  printed  abioad.— J.  A Ser- 
mon on  Palm  SumUy  bi'ture  king  Henry  the  bth,  &c. 
Lond.  1539  1633,  4lo.~4.  Dt*  Veritate  Corporis  tk 

Sanguinis  Domini  in  CucharUlia.  Lutet.  1354,  4to.— 
*5.  Compendium  in  deccm  Libros  Kthicoruni  AtUiotelis. 
Par.  1554,  in  8vo.— 3.  Contra  inipios  Blaipiiematores 
Z>ei  prsdestinationU  opera.  Antw.  1555,  4tu.— 7.  Godly 
and  devout  Prayers  in  Eciglish  and  Latin.  1458,  in  8vo. 

TOPOGRAPHY,  U a description  or  draught  of  some 
particular  place,  or  small  tract  of  land  i a»  that  of  a city, 
or  town,  manor  or  tenement,  flehi,  garden,  house,  castle, 
or  the  like;  such  as  surveyors  set  out  in  their  plots,  or 
make  draughts  of,  for  the  information  and  satisiactiou  of 
the  proprietors.  Topography  differs  from  chorugrapliy,  as 
a particular  from  a more  general. 

TORELLl  (Joseph),  a respectable  linliin  mathema- 
tician, was  born  at  Verona  in  November  1/2I,  and  died 
in  Sept.  1731.  His  fmher  was  a roerclnint,  iu  good  cir- 
cumstances, who  died  soon  after  his  son's  birth;  so  that 
the  care  ofTorelli's  education  devolved  oii  his  mother;  by 
whom  bis  infant  mind  was  most  atteniiiely  cultivated,  and 
to  whose  care  might  be  ascribed  many  of  tbn»e  amiable 
qualities,  which  distinguUhrd  his  mori'  advanced  age. 
Having  laid  a good  foundaiiuri  by,  private  inviructiun  at 
Verona,  he  prosecuted -his  studies  at  the  uiilveisity  of 
Padua,  with  grw  assiduity,  in  the  vanoua  brunches  of  li- 
Itralure  and  science. 

Having  spent  four  years  at  Padu^^where  he  conciliated 
the  general  esttvm  of  the  learned,  and  wl^re  be  obtained 
a doctor's  degree,  he  returned  t/>  his  own  country.  Ik'ing 
in  tesy  circumstances,  he  declined  engaging  in  any  pro- 
fession, but  devoted  bis  whole  time  and  attention  tu  gene- 
, ral  study,  both  of  languages  and  mathematics,  lie  be- 
came accordingly  an  ezcellrnt  profleient  in  fcveral  of  the 
ancient  and  modern*  tongues.  I'he  Gn’ek  and  Hebrew  be 
well  understood ; be  wrote  Latin  with  ease  and  correct- 
ness; and  bis  acquaintance  with  the  prfmeh,  Spanish,  and 
English,  enabled  him  to  peru-e  the  best  writers  with  plea- 
sure and  improvement.  To  his  knowledge  of  the  lan- 
guages he  added  a very  extensive  acquaintance  with  the 
arts  and  sciences  ; so  that  he  was  no  less  disiinguish(*d  as 
a mathematician  and  philosopher,  than  as  a critical 
scholar. 

Torelli  was  author  of  a great  number  and  variety  of 
compositions,  which  sufficiently  evince  his  distinguished 
abilities  und  application.  But  that  from  which  he  has  ob- 
tained his  chief  eelebnty,  is  an  edition  of  the  collected 
works  of  Archimedes,  printed  at  Oxford,  1792,  folio,  in 


Greek  und  Latin.  The  preparing  of  this  work  had  be<n 
indeed  the  labour  of  must  part  of  his  life,  llavin;:  berii 
compleirly  prepared  for  publicaliun,  and  even  the  liiu- 
grnms  cut  which  were  to  accump.my  the  Hemtms'liuthms, 
the  manuscript  was  disposed  of  after  his  death  to  ilie  cu» 
rators  of  the  Clarendon  press,  by  whose  order  itwav  piinlcd 
under  the  immediate  cure  of  Ur.  Rofjerisoii. 

It  appears  thul  there  have  l>een  feu  per&imt-,  iniiny  coun- 
try, or  in  any  peiual  of  time,  who  weie  bettri  qualified  lor 
preptiiiiig  a correct  edition  of  Archimedes.  As  a Greek 
scholar,  he  wa>  cupuble  of  correcting  tbc  mistaken,  sup- 
plying the  deferts,  and  illustrating  the  obscure  }>»»sap‘s, 
that  occurred  in  irealises  originally  written  in  the  Greek 
tongue:  his  knowledge  of  Latin,  und  a facility,  acquired 
by  hubii,  of  writing  in  this  language,  rendered  him  a fit 
person  to  translate  the  Greek  into  pure  and  correct  Latin  ; 
and  his  comprehensive  acquainlaiae  with  nmihcninlics  and 
philosophy  qualified  him  for  conducting  the  whole  Work 
with  judgment  und  accuracy. 

'1'OKNADO,  a violent  guvt  of  wind  arising  suddenly 
from  the  shore,  and  afterwards  Veering  round  all  poihis  of 
the  compass  like  a hurricane.  It  is  very  fn*quent  on  the 
coast  i»f  Guinea. 

TORRENT,  in  Hydrography,  a temporary  stream  of 
water,  falling  suddenly  from  mountain'^,  Ac,  where  there 
have  been  gnat  rainn,  or  an  extraordinary  thaw  of  snow  ; 
sometimes  tnuktng  great  ravages  in  the  plains. 

TORRICELLI  (Evamoeliste),  an  illustrious  mathe- 
matician and  philosopher  of  luly,  was  born  at  Kaenza  in 
ICkfS,  and  trained  up  in  Greek  and  Lilin  liieraiuic  by  an 
uncle,  who  was  a monk.  Natural  incUnation  led  him  to 
cuittvute  niathrroatical  knowledge,  which  he  pursued  sonic 
tinii*  without  a master;  but  at  about  2U  yekrs  of  age,  he 
went  to  Rome,  where  be  continued  the  pursuit  of  it  under 
father  Benedict  Castcllt.  C^^tcUi  had  bo<  n a scholar  of 
the  great  Galileo,  and  had  ^'vn  appuinre«l  by  the  pope 
profoasor  of  mathematics  at  Rome.  Torricelli  made  such 
progivss  under  this  iiouter,  that  having  read  Galileo's  Oiu- 
■(•gUi's,  he  coniposid  a Treatise  concerning  motion  on  his 
principles.  Castelli,  surprised  at  (he  pcrfurmaHce,  cariicd 
it  and  read  it  to  (talileo,  who  heard  it  with  great  pleasure, 
and  conceived  a high  ^leem  and  friendship  for  ihcuuthor. 
On  this,CasteJli  pro|u>$4’d  to  Galileo,  that 'Turricelii  vhoiild 
come  and  live  witli  him  ; M^commrnding  him  us  the  most 
proper  person  he  could  have,  since  he  was  the  most  capu- 
bleof  comprehending  those  sublime  speculations,  which 
his  own  great  age,  iiilirmities,  and  want  of  sight,  prevented 
him  from  giving  to  the  world.  Galileo  accepted  the  pro- 
posal, and  Ttiriici-lli  the  employment,  as  things  id'  all 
others  the  most  advantageous  to  both.  • Galileo  was  at 
Florence,  at  which  place  IVirricelli  arrived  in  1641,  and 
began  to  take  down  what  Gaiiltti  dictated,  to  rcguliite  bis 
papers,  and  to  act  in  every  res|iecl  acrordrng  to  his  <li* 
rections.  But  he  did  not  long  enjoy  the  advantages  of 
this  situation,  as  Galileo  died  at  the  end  of  only  three 
inonilis. 

Torricelli  was  then  nboiil  returning  to  Rome;  but  the 
Grand  Duke  engaged  him  to  continue  at  Florence,  making 
him  his  own  rauthematirian  for  the  present,  and  promi»ing 
him  the  professor's  clmir^as  soon  as  it  should  be  vacant. 
Here  he  applied  himself  intensely  to  the  study  of  mnlhc*- 
raatics,  physics,  and  astronomy,  making  many  improve* 
menu  and  some  discoveries.  Among  others,  he  greatly 
improved  the  art  of  making  microscopes  and  tclescupea  ^ 
aud  it  is  generally  acknowledged  that  he  first  found  out 
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the  method  of  ascertaining  the  weight  of  the  iitmos|ihere 
'by  a pfijporlionatt  column  of  quicksilver,  tin*  buiomctiT 
bcin/;  called  from  him  the  Torricellian  (uhe,  und  'l  orri- 
cr’limn  experiment.  In  short,  great  things  wrre  c.Npcclcd 
from  him,  and  great  things  would  probably  have  been 
further  pcrfornicd  by  him,  if  he  had  lived:  but  he  died, 
aftrr  a few  days  illness,  in  lb*7,  when  be  bad  just  coni* 
pleted  the  39tu  year  of  bis  age. 

Torricelli  published  at  Florence  in  1644,  a volume  of 
in<;rhious  pieces,  entitled.  Opera  Gcotu'  trica,  in  4to. 
There  wai  alio  publbbcd  nt  the  sarne  place,  in  1715, 
Lrzsioni  .Accademichc,  consisting  of  9^'  p»:;es  iu  4to. 
I'hesc  arc  discourMrs  that  had  been  pronounced  by 
him  on  dillerent  occasions.  The  first  of  them  »us 
to  the  academy  of  La  Crusca,  by  way  of  thanks  for 
admitting  him  into  their  body.  The  n-st  art‘  upon 
subjects  of  mathematics  and  physics.  Prefix*  d to  the 
whole  is  a long  life  of  Torricelli  by  Thomas  Uuoiiavcmun, 
a Florentine  gt'ntlcman. 

TOKRICFLLl AN,  a terra  very  frequent  among  phy- 
sical writers,  used  in  the  phrases,  Torricellian  tube,  or 
Torricellian  exp«'rimcnt,  on  account  of  the  inventor  Tor- 
ricelli, a disciple  of  the  great  Galileo.  . 

Torricellian  Tube,  is  the  barometer  tnbi‘,  b«-ing  a 
glus^  lube,  open  at  one  end,  and  benneticaily  M'aled  at 
the  other,  atx>ui  3 feet  long,  and  -I- of  an  inch  in  dia- 
meter. * 

Torricellian  Eiperimentt  or  the  filling  the  baro- 
meter tube,  is  performed  by  filling  the  Torricellian  tube 
with  mercury,  then  stopping  the  open  oriticu  Hith  the 
finger,  inverting  the  tube,  and  plunging  that  orifice  into 
a vessel  of  stagnant  mercury.  This  done,  the  finger  is  re- 
moved, and  the  tube  sustained  perpendicular  to  the  sur- 
face of  the  mercury  in  the  vessel. 

The  consequence  is,  that  part  of  the  mercury  falls  out 
of  the  tube  into  the  vessel,  and  there  remains  only  enough 
in  the  tube  to  fill  about  30  inches  of  its  capaciiy,  above 
the  surface  of  the  stagnant  mercu^  in  the  vessel ; these 
being  sustained  in  the  tube  by  the  pressure  of  the  atmo- 
sphere on  the  surface  of  the  stagnant  mercury;  and  ac- 
cording as  the  atmosphere  is  more  or  less  heavy,  or  as 
the  winds,  blowing*  upward  or  downward,  heave  up  or  de- 
press the  air,  and  so  increase  or  diminish  its  weight  and 
spring,  more  or  U*ss  mercury  is  sustained,  from  28  to  31 
inches.— The  Torricellian  experiment  constitutes  what  is 
now  called  the  barometer. 

Torricellian  FdcMrm,  is  the  vacuum  produced  by 
filling  a tube  with  mercury,  and  when  inverted  allowing 
it  to  descend  to  such  a height  as  is  countcrbalanccfl  by 
the  pressure  of  ibc  atmosphere,  as  in  the  Torricellian  ex- 
p**riment  and  barnmclcr,  the  vacuum  being  that  pait  of 
the  tube  above  the  surface  of  the  mercury. 

TORRID  I'^ofie,  is  that  round  the  middle  of  the  earth, 
extending  to  23|  degrees  on  both  sides  nf  the  equator. 

TORUS,  or  Tore,  in  Architecture,  is  a Urge  round 
moulding  in  the  bases  of  the  columns. 

TOUCAN,  or  Americon  Goc*e,  is  one  of  the  modem 
constellations  of  the  southern  hemisphere,  cousisiing  of  9 
small  stars. 

TRACTION^  or  Dratping^  is  the  act  of  a moving 
power,  by  which  the  moveable  is  brought  nearer  to  the 
mover,  called  also  attraction. 

Traction,  Angie  qf,  in  Mech^ics,  is  the  angle  which 
ibc  direction  of  the  power  makes  with  any  given  plane. 


'riL\CTRIX,  or  Tractix,  in  Geometry,  a curve  lino' 
eftUed  nisu  Ciitciiaria  ; which  see.  » 

'1  R.AJKCI’ORY,  a Urm  olteii  employed  to  denote  the 
path  any  biuly  moving  either  in  u vuid,  or  in  a me- 
dium that  resists  its  iijotion  ; or  even  for  any  curve  pass- 
ing through  a given  number  of  p<iints.  Thus  Newton, 
Princip.  lib.  I,  pr*Jb.  22,  proposes  to  describe  a trajectory 
that  shall  pass  through  five  givi-n  points. 

Trajectokv  o/  a Carnet,  is  its  path  or  orbit,  or  Ihc 
line  it  describes  in  its  motion.  This  path,  Hcvelins,  in 
his  Cometographin,  will  have  to  be  very  nearly  a right 
line;  but  Dr. Ilalley  concludi.'s  it  tn  be,  as  it  really  is,  a 
very  cxceiitric  ellipsis;  though  its  place  may  often  be 
well  computed  on  the  supposition  of  its  b<'tng  a paiabola. 
—Newton,  III  prop.  41  ol  his  Sd  book,  shows  how  tn  de- 
termine the  ifiijeclory  of  a comet  from  three  ob^-rvalions ; 
and  in  his  last  prop,  how  to  correct  a trajectory  graphi- 
cally devcril)ed. 

TRAMMF.LS,  in  ^^echanics,  an  instrument  used  by 
artificers  tor  drawing  ovals  upon  boards,  6ic.  One  part 
of  u consists  of  a cross  with  two  grooves  at  right  angles; 
the  other  is  a beam  carrying  two  pins  which  slide  in  those 
grooves,  and  also  the  describing  pencil.  All  the  engines 
for  turning  ovals  are  constructed  on  the  same  principles 
with  the  trammels:  the  only  difference  is,  that  in  the 
trammels  the  bt  ard  is  at  rest,  and  (be  pencil  moves  upon 
it : in  the  turning  engine,  tbe  tool,  which  supplies  the 
place  of  the  pencil,  is  at  rest,  and  the  board  moves  against 
it.  Nee  a demonstration  of  (he  chief  properties  of  thusc 
insirumcnis  by  Mr.  Ludlaro,  in  tbe  Pbtlos.  Trans,  vol.  70, 
pa.  378  iVc. 

TRANSACTIONS,  PMlaeophicatf  are  a collection  of 
the  principal  papers  and  maltera  read  before  certain  phi- 
losophical societies,  as  the  Royal  Society  of  London,  and 
the  Royal  Society  of  Edinburgh.  These  transactions 
contain  the  several  discoveries  and  histories  of  nature  and 
art,  either  made  by  the  members  of  those  societies,  or 
communicated  by  them  from  their  correspondents,  with 
tbe  various  experiments,  observations,  dec,  nii^  by  iboro, 
or  transmitted  to  them,  dec. 

The  Philos.  Trans,  of  the  Royal  Society  of  London 
were  tx'gun  in  l665.  by  Mr.  Oldenburg,  the  (ben  »ecr^ 
lary  of  that  Society,  and  were  continued  by  hini  till  the 
year  l677»  They  were  then  discontinued  on  his  death, 
till  January  l678,  when  Dr,  Grew  resumed  the  publica- 
tion of  ihein.  and  coDiinued  it  for  the  months  of  December 
1078,  and  January  and  February  l679»  »fb  t“  which  ibey^ 
were  intermitted  till  January  logs.  During  ibis  last  iiiter- 
val  (heir  want  was  in  some  measure  supplied  hy  Dr.  Hooke's 
Philosophical  Coneclions.  They  were  also  interrupted 
for  3 yean,  from  IX*cember  l687  to  January  I69I. 
sides  ^ther  smaller  interruptions,  amountini*  to  mar  a 
year  and  a half  more,  before  October  1(<95|  since  which 
lime  the  transaclions  have  b<‘en  carried  on  regularly  to 
th(  present  day,  with  various  degrees  of  credit  and  nierit. 

Till  the  year  1752  these  transactions  wer«  publivhed 
in  mimlK‘rs  (piarlrrly,  and  the  printing  of  them  was  al- 
ways the  single  act  of  the  respective  ><‘crel.iriiik  till  that 
time;  but  then  the  Society  timui^hc  fit  that  a cnimuiltee 
should  be  appointed  to  consider  the  papers  read  taTore 
them,  und  to  select  out  of  (hem  such  as  they  should  judge 
most  proper  for  publication  in  the  future  iranwcitons. 
For  this  purp<«e,  the  members  of  tbe  council,  fitr  the 
time  bcihs,  constitute  a standing  coimnittee:  (bey  meet 
on  the  first  Thursday  of  every  month,  and  ou  less  than 
3X2 
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7 of  ihc  im  inbers  of  the  comrailtec  (of  which  number  the 
prcsidciitf  or  iti  hi*  nbwncc  a vico*|in^i(loiit,  i&  always  to 
be  one)  an*  allowed  to  be  a quorum,  capable  of  acting 
in  ri'lHtum  to  such  papers;  and  the  question  with. regard 
to  the  publication  of  any  paper,  is  always  decided  by  the 
majority  of  votes  taken  by  ballot. 

They  arc  published  annually  in  tw#  parts,  at  the 
pence  of  liie  Society  ; and  each  fellow,  or  member,  is  en- 
titled to  leceivc  one  copy  grati*.  of  every  part  published 
after  bis  admission  iuu»  the  bi>cirty.  Ftir  many  yeara 
past,  the  collection,  in  two  parts,  has  made  one  volume  in 
each  year;  and  in  the  year  17.9r»  the  number  of  life  vo- 
lumes was  83,  being,  10  less  than  the  number  of  the  year 
in  the  century.  They  were  formerly  much  re*pccte<l  for 
the  great  number  of  excellent  papers  and  discoveries  con- 
tained in  llTero  ;*bui  of  lute  yeais  there  has  been  a great 
falling  otT,  and  the  volumes  have  been  sometimes  consi- 
dered as  of  very  infeiior  merit,  as  well  as  quantity. 

There  was  also  an  useful  abridgment  of  those  vo- 
lumes (if  the  ininsactiolis  tbut  were  published  before  the 
year  I73'2,  when  the  Society  began  to  publish  the  trans- 
actions on  their  own  account.  'I'hosc  to  the  end  of  the 
year  1700  were  abridged,  its  3 volumes,  by  Mr.  John 
Lowthorp:  those  from  the  year  1700  to  1720  were 
abridged,  in  2 volumes,  by  Mr*  Henry  Jones:  and  those 
from  1719  to  1733  were  abridged,  in  2 volumc^s,  by  Mr. 
John  Eames  and  Mr.  John  Martyn;  Mr.  Martyii  also 
Continued  the  abridgment  of  those  from  1732  (o  174^1-  in 
S voliimcsv  and  of  those  from  1744  to  1750  in  2 volumes  ; 
making  in  all  1 1 sulumes.  But  lately  a com{Hcic  Abridg- 
ment, in  18  large  4to  volumes,  of  the  whole,  from  the  be- 
ginning, (o  the  end  of  the  year  1800,  has  been  publishetl 
hy  Dr.  Charles  Hutton,  Dr.  George  Shaw,  and  Dr.  Richard 
Pearson.  In  this  abridgment  .all  the  }»apers  atr  given 
in  their  original  order,  and  a copious  index  is  added,  by 
which  is  shown  the  place  of  any  article,  cither  in  the  ori- 
ginal or  in  the  abridgment.  * 

The  Ro)-ul  Society  of  Kdinburgh  instituted  in  1783, 
have  also  published  several  volumes  of  their  Philosophical 
Transactions;  which  ate  dest'rvedly  held  in  the  highest  re- 
spect for  the  importance  of  ihcir  contents. 

The  Society  of  Arts,  Ac,  have  also  published  a number 
of  volumes  of  transactions,  abounding  with  mechanical 
inventions  and  discoveries.  'Mierc  arc  also  transactions 
of  the  American  Society,  of  the  Manchester  Philosophical 
Society,  of  the  Connecticut  Society,  Ac.  . The  Irish  Aca- 
dainy,  and  roost  of  the  foreign  philosophical  societies, 
give  to  their  transactions  the  title  ol  Memoirs. 

TRANSCENDKNTAL  &utuui(ic4,  among  Geometri- 
cians, are  indeterminate  ones;  or  such  as  cannot  be  ex- 
pressed or  fixed  to  any  constant  equation:  surh  is  a 
transcendental  curve,  or  the  like.  .M.  Leibnitz  has  q nis- 
sertntion  in  the  Acta  Krud.  Lips,  in  which  he  endeavours 
to  show  the  origin  of  such  quaniiiii's;  viz,  why  some 
problems  arc  neither  plain,  solid,  nor  sursnlid,  nor  of  any 
certain  degree,  but  transcend  all  algebraic  equations.  Me 
also  shows  how  it  may  be  dcmonstratevl  without  calculus, 
that  ati  algebraic  quadratrix  for  the  circle  or  hyperbola  is 
impossible:  for  if  such  a quadratrix  could  be  found,  it 
Would  follow,  that  bv  means  of  it  any  angle,  ratio,  or  loga- 
rithm, might  be  divided  in  a given  proportion  ol  one  right 
line  to  another,  and  (his  by  one  universai  construciii  n : 
and  consequently  the  problem  of  the  action  (if  an  ati^le, 
or  the  invention  of  any  number  of  ro*an  pmjwTiiomiU, 
would  be  of  a certain  Anile  degree.  Whereas  the  didcioit 


degrees  of  algebraic  equations,  and  therefore  the  problem  ' 
understood  in  general  of  any  number  of  parts  of  an  angle,* 
or  mean  proportioimls,  is  of  an  indefinite  degree,  and  tran- 
scends ail  algebraical  rquatiotis. 

Others  define  transcendental  equations,  to  be  such 
fiu.sioiinl  equations  as  do  nut  admit  of  fluents  in  common 
finite  algebraical  equations,  but  us  expressed  by  means  of 
some  curve,  or  by  logarithms,  or  by  infinite  scries  ; thus 

. . X 

the  expression^  =s  n a trunscendental  equation, 

because  the  fluents  cannot  both  be  expressed  in  finite 
terms.  And  the  equation  which  expresses  the  relation 
between  »ii  arc  of  a circle  and  its  sine,  i»  a transcendental 
equalinn  ; for  Newton  ha»  demonstrated  that  this  relation 
cannot  be  expressed  by  any  finite  alg(  bruic  equation,  and 
therefore  it  can  only  be  b^  an  infinite  or  a ttansccndcntal 
equation. 

it  ia  ulio  Usual  to  rank  exponential  equations  among 
transcendental  ones;  because  such  equations,  though  ex- 
pressed in  finite  terms,  have  variable  cxponeiiu,  which 
cannot  bc‘  expunged  but  by  putting  (he  equation  into 
fluxions,  or  logarithms,  Ac.  Thus,  the  cxpouemial 
equation 

y = gives  X X log.^  = log.  y,  or  X X log.  o = ^ . 

TuAitscE!CDr.jiTAL  CaTtv,  in  the  Higher  Geometry,  i$ 
such,  a one  as  cannot  be  defined  by  an  algebraic  equa- 
tion ; or  of  which,  when  it  is  expressed  by  an  equation, 
one  of  the  terms  is  a variable  quantity,  or  a curve  line. 
And  when  such  curve  line  is  a g(H>roctrica1  one, or  one  of 
the  first  degree  or  kind,  then  the  Iramcrndental  curve  ia 
said  to  be  of  the  S('^cond  degree  or  kind,  Ac. 

'1  nese  curves  are  the  same  with  what  Descartes,  and 
others  after  him,  call  mechanical  curves,  and  which  (hey 
would  have  e.xcludcd  out  of  geometry  ; contrary  however 
to  the  opinion  of  Newton  and  Leibnitz  ; for  as  much  as, 
in  the  coiistfuctiod  of  geometrical  problems,  one  curve  is 
not  to  be  preferred  to  another  as  it  is  defined  by  a mort 
simple  equation,  but  as  it  is  more  easily  described  than 
that  other:  besides,  some  of  these  transcendental,  or  me- 
chanical curves,  arc  found  of  greater  use  than  almost  all 
the  algebraicid  ones. 

M.  Leibnitz,  in  the  Acta  Krudit.  Lips,  has  given  a - 
kind  of  transcendental  equations,  by  which  these  tran- 
scendental curves  arc  actually  defined,  and  which  are  of 
an  indefinite  degmc,  or  are  not  always  the  same  in  every 
point  of  the  curve.  Now  whereas  ttlgebraisli  use  to  as- 
sume some  general  letters  or  numU'rs  fur  the  quantities 
sought,  in  these  transcendental  problems  Leibnitz  assumes 
general  or  indefinite  equations  for  the  lim^  sought ; thus, 
for  example,  putting  x and  y for  the  absciss  and  or- 
dinate, the  equation  be  us^  for  a line  required,  is 
a hi  -t- cy  esy  fxx  gyy  Ac  = 0 : by  the  help 

of  which  indefinite  equation,  he  sei  ks  for  the  tangent ; 
and  comparing  that  which  results  with  (he  given  property 
of  langciiu,  he  finds  the  value  of  the  assumed  letters  <3,  6, 
c,  Ac,  and  thus  defines  the  equation  of  the  line  sought. 

If  the  comparison  abovementioned  do  not  succeed,  ha 
pronounces  the  line  sought  not  to  be  an  algebraical,  but 
a transcendental  one.  This  supposed,  he  proceeds  to  find 
the  species  of  transcendency : for  some  transcendeniaJs 
depend  <'n  the  genend  division  or  section  of  a ratio,  or 
up«in  logarithms,  others  on  circular  arcs,  Ac.  Here  tlien, 
beside*  the  symbols  x Kud  y,  be  assumes  a third,  as  r,  to 
denote  the  transccadentfl  quantity  ; and  of  these  ibrea 
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he  forms  a general  equation  of  the  line  sought^  from  which  sumeil  quantity  a ss,  Tu  take  away  the  3d  term, 
he  fiod^  the  tangent  according  to  the  differential  method,  we  inu^t  put  ihu  sum  of  the  coefhciviits  of  that  term  ^ 0, 
which  succeeds  even  in  transcendental  quan(itic‘s.>  'I'his  that  is  3d*  ^ Qad b = 0,  or  3<l' — 'iad  s= 
found,  he  compan-s  it  with  the  given  properties  of  the  then  by  resolving  this  qtiadratic  equation,  there  is  found 
tangents,  and  so  discovers  not  only  the  values  of  a,  b,  Cf  the  assumed  quantity  d zs  {a  ^ {^{a^  — 3b),  hr  the 
Ac,  but  also  the  particular  nature  of  the  transcendental  substitution  of  which  for  d,  the  3d  term  will  bo  Taken 
quantity.  away  out  of  the  aquation. 

Transcendental  problems  are  very  well  managed  by  the  In  like  manner,  to  take  away  the  4lh  term,  wc  must 
method  of  fluxions.  Thus,  fur  the  relation  of  a circular  make  the  sum  of  its  coefficients  tP  — > ad^  -*•  bd  — c = 0; 
arc  amt  right  line,  let  n denote  the  arc,  and  x the  versed  and  so  on  fur  any  other  term  whatever.  And  in  the  same 


sine,  to  t^  radius' 1,  then  is  a =s  fluent  of 


* , manner  wc  must  also  proceed  when  the  proposed  equation 

— XT)  * is  not  a cubic,  but  of  any  height  whatever,  as 
and  if  the  ordinate  of  a cycloid  be  then  is  ^ = i*  — oi*”* -f- ~ cx*”*  Ac  ^ Oj 

4/(2x— xr)  fluent  of  ^ fc^bstitutiiig  y d for  x,  to  be  iransforto- 

^ cd  to  this  new  equation 

Thus  is  the  analytical  calculus  extended  to  those  lines  ^ ndj^”*  •+•  4b(h—  l)d*y*”*  Ac} 

winch  have  hitherto  been  excluded,  for  no  other  cause  ^ a(«  - l)d^*“*  Ac  > = 0; 

but  that  they  were  thought  incapable  of  it.  4.  Ac)  * 

1 RANSFORM A riON,  in  Geometry,  is  the  changing  then,  to  take  away  the  2d  term,  wc  must  make  nd  — - a 
or  reducing  of  a flgurc,  or  of  a body,  into  another  of  the  , a 

same  area,  or  the  same  solidity,  but  of  a different  form.  — 0»  or  d = — ; to  lake  away  the  3d  terra,  we  must 
As,  to  transform  or  reduce  a triangle  to  a s<|uare,  or  a make  in(«-*l)d*  — c(n  — I)d  ■+•  6 = 0,  or  d*  — — d 


pyramid  to  a parallelopip-don. 

Transformation  qf  Hfjuniions^  in  Algebra,  is  the 
changing  equations  into  others  of  a different  form,  but  of 


~ and  so  on.  • 

*("7t) 

>Thence  it  appears  that,  to  take  away  the  2d  term  of 


equal  value.  This  operation  » often  necessary,  10  pra-  ^ resolve  a simple  equation  ; for  the 

pirc  equations  for  a more  easy  .olut.on,  some  of  the  prm-  gj  ^ quadratic  rquaitun;  for  Ihc  4?h  term,  a cubic 

cipal  cases  of  ull.ch  are  as  follow.-!.  The  signs  of  the  „„ 

roots  of  an  equation  are  changed,  viz,  the  positive  roots  , 

into  negative,  and  the  negative  rimts  mtoyo..live  one,,  „ given  equation  To  aitothef, 

by  only  changing  ihesign.  of  the  2d  4th,aiid  aH  the  other  J 

c.enttTin.oftheequation.  Thus,  the  rootsof  the  equation  flp,v.  „f  the  proposed  equation.  Thi.  i.  done 

X r*  19i*-i-49x  30  _ 0,  arc  -e  I,  + 2,  + 3,  — , suhstituling,  for  l and  iU  powers, 

whereas  the  roots  of  the  same  equation  having  only  the  ' " . v 

signs  of  the  2d  and  4th  terms  changed,  vit,  of  — or  /y,  and  their  powers,  vii,  — for  x,  to  multi- 

X* + — 19x*— 49x— 30  = 0,  are  — I,  — 2,  — 3, -t-5.  ply  the  roots  by  «i ; and /y  for  x,  to  divide  the  roots  by  p. 

2.  To  transform  an  equation  into  another  that  shall  . • • .v  r 

have  its  roots  greater  or  less  than  the  roots  of  the  pro-  Thus,  to  multiply  the  roots  by  m,  substituting  — for 
posed  equation  by  some  given  difference,  proceed  as  fob  , propoud  equation 

lows:  Let  the  proposed  equation  be  the  cubic  x^  — flx*  ^ Ac  = 0,  and  it  becomes 

-t-  bz  ^ c sx  0;  and  let  it  be  required  to  iransfotra  it  y*  ey-»  u __  a. 

into  another,  whose  roots  shall  be  less  than  the  roots  of  ^ "*■  Ac  — 0; 

this  equation  hy  some  given  difference  d;  if  the  root  y or  multiply  all  by  then  is 

of  the  new  equation  must  be  the  le»s,  lake  ity  = x — d,  — amjr*-’  bn*y*'‘*  — cw’yi****  Ac  = 0, 

and  hcncc  x s y **'  d;  then  instead  oT  x and  its  powers  an  equation  that  has  iU  roots  equal  to  w times  the  roots 

substitute  y d and  its  powers,  and  there  will  arise  this  of  the  proposed  equation. 


Py  -I-  dM 
dy  - od«f  _ 

iy  + M r " 


new  equation  In  like  manner,  substituting  yy  for  x,  in  the  proposed 

(a)  y*  -*•  3dy*  •+■  3d*y  d’^  • equation,  Ac,  it  become« 

lad,  - aft  y,  - Og.*  tec  = 0. 

-I-  ly  -h  bd  ( ^ V V ^ 

— c 5 • an  equation  that  has  its  roots  equal  to  those  of  the  pro- 

whose  roots  arc  less  than  the  roots  of  the  former  equation  posed  equation  divided  by  p. 

by  the  difference  d.  If  the  roots  of  ihe  new  equation  had  Whence  it  appears,  that  to  multiply  the  roots  of  an 
b^n  required  to  be  greater  than  those  of  the  original  one,  cquatioit  by  any.  quantity  m,  wc  inu«t  multiply  its 
we  must  then  have  substituted  y = x d,  or  x as  terms,  beginning  at  the  2d  term,  respectively  by  the  terms 
y — d,  Ac.  ’ of  the  geometrical  scries,  n»,  m*,  Ac.  And  to 

3.  To  lake  away  the  2d  or  any  other  particular  term  divide  the  roots  of  an  equation  by  any  quantity  p,  that 
out  of  an  equation;  or  to  transform  an  equation,  so  as  we  must  divide  its  terms,  beginning  at  the  2d,  b)  the  cor- 
the  new  equation  may  want  its  2d,  or  3d,  or  4th,  Ac  responding  terms  of  this  series  p,  p\  P*«  Ac. 
term  of  the  given  equation  x’  — ox*  6x  — c = 0,  5.  And  sometimes,  by  these  transformations,  equa- 

which  is  transformed  into  the  equation  (a)  in  the  last  tions  are  clearcd.of  fractions,  or  even  of  surds.  Thus  the 
article.  Now  to  make  any  term  of  this  equation  (a)  equation 

vanish,  is  only  to  make  the  coefBcieni  of  that  term  = 0,  x’—  ax*^p  -e  6x  — <\/p  = 0*  by  putting  y = ^^p* 

which  will  form  an  equation  that  will  give  the  value  or  multiplying  the  terms,  from  the  2d,  by  the  geomctricals 

of  the  assumed  quantity  d,  so  as  to  produce  the  desired  ^ptptP^Pt  >*  transformed  to 

effect,  via,  to  make  that  terra  vanish.  So,  to  take  away  y^  — apy*  hpy  — cp'  = 0. 

the  2d  term,  make  3d  — a xs  0,  which  makes  Ibe  as«  6.  An  equation,  as  x*  - ox*  ^x  ~ c = 0,  may  be 
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truniforiaed  into  another,  whoie  roots  shill  be  the  reci- 
procals of  the  roots  of  the  given  equation,  by  substituting 

— for  x;  by  which  it  becomes 

Tat  ' ■ 

— — -V  — — c = 0,  or,  multiplying  all  by 

y » 

jp,  the  same  become*  ^ — — I asO. 

On  thi*  lUbji  ct,  Newton’s  Alg.  on  the  Transmuia- 
ti<>u  of  I*  quaiions ; Maclaurm’s  Algcb.  pt.  chap.  $ and 
4.  SauniierMHi's  bra,  vnl.  2,  pa  f)87,  Ac. 

THaNSIT,  in  Astronomy,  denotes  the  passage  of  any 
pi:ji>et,  j«i>t  bt'fore  or  over  another  pUnct  or  slarj  or  the 
pa>'>nie  of  a »Mr  or  planet  over  the  intTidian,  or  before 
an  abtronomiCttl  instru^nent  Venus  and  Mercury,  in  their 
transits  over  tht  son,  appt  Mr  like  <iark  specks. 

The  transit*  of  Venusniid  Mercury  over  the  sun’s  disc 
are  very  interrslinu  phenomena,  not  merely  on  account 
of  iheir  rare  and  singular  appeanince,  but  also  because 
of  their  use  in  di  lennining  liie  *un’*  parallax,  and  thence 
the  r<>til  dimensinii'  ut  the  earth's  orbit,  lienee  the  times 
when  (iK'bO  transits  are  to  be  seen  have  been  very  care- 
fully computed-  Dr.  Halley  computed  the  times  of  a 
number  of  these  visible  transit*,  for  the  17th  and  I8th 
centuries,  which  w^re  published  in  the  Philos.  Trans. 
No.  193,  or  my  Abndg.  vol.  3.  pa.  448  ^ and  several 
other*  have  Uvn  since  computed.  The  following  are  the 
time*  w!,en  there  were  or  will  be  transits  of  Mercury, 
from  the  year  1753  to  1894  >nelu»ive. 


1753 

- 

- 

May 

6 

1832 

- 

May 

5 

1756* 

. 

. 

Nov. 

6 

1835 

- 

. 

Nov. 

7 

17fi9 

. 

. 

Nov. 

9 

1845 

. 

- 

May 

8 

1776 

. 

Nov. 

2 

1848 

- 

- 

Nov. 

9 

1782 

- 

Nov, 

12 

1861 

. 

. 

Nov. 

ll* 

1786 

May 

5 

1868 

. 

- 

Nov. 

4 

1789 

Nov. 

i 

1878 

- 

- 

May 

5 

1799 

May 

7 

1881 

- 

Nov. 

7 

18U2 

- 

- 

Nov. 

8 

1891 

- 

. 

May 

9 

1815 

- 

Nov.  1 1 

I894 

. 

Nov. 

10 

1822 

- 

• 

Nov. 

4 

It  ap[>rars  from  this  table,  that  the  transits  of  Mercury 
always  occur  either  in  May  or  in  NovembcT;  but  most 
frequently  in  the  latter  month ; depending  on  the  position 
of  the  elliptic  projection  of  Mercury’s  orbit  on  the  plane 
of  the  ecliptic.  This  ellipse  is  now  so  placed,  that  it  pre* 
srnts  to  us  its  perihelion,  during  the  winter,  and  its  aphe- 
lion during  the  summer  ; and  as  it  is  very  excrntric,  Mer- 
cury is  much  nearer  the  sun  in  the  month  of  November 
than  in  .May.  Now  if  it  be  considered  that  the  luminous 
cone  formed  by  the  visual  rays,  drawn  from  the  earth  to 
the  sun,  is  contracted  in  the  vicinity  of  the  earth,  while, 
it  is  enlarged  near  the  sun,  the  disc  of  which  siTves  for  its 
ba>c;  Mercury  ought  therefore  to  cut  it  more  rt-adily 
when  it  15  near  the  lun,  than  when  it  is  remote  from  it ; 
ami  consequently  the  transits  of  Mercury  ought  to  occur 
most  frequently  in  the  winter  part  of  the  year. 

f'rom  the  observationwof  the  transit  of  Nov.  8,  1802, 
it  wav  inferred  that  the  node  of  the  planet’s  orbit  was  in 
1'  5^'  50". 

The  transit*  of  Venus  across  the  sun’s  disc  happen  much 
less  frequently  than  iln»*e  of  Mercury,  because  Venus  is 
muredi>-tunt  from  tliesun-  The  following  arc  all  that  oc- 
cur between  1()31  ami  21 '0. 


itiai  - 

- - Dec 

6 

1874  - 

- • Dec. 

A 

lf>)9  - 

- - Dec. 

4 

U82  - 

- - Dec. 

6 

irfii  - 

- - June 

5 

2<K)4  - 

- - June 

7 

17G9  - 

- - June 

3 

2109  - 

• - Dec. 

10 

Now  the  chief  uk  of  these  conjunctions  is,  accurately 
to  determine  the  tun’s  distance  from  the  tanb,  or  h:s 
parallax,  which  astronueners  have  in  vain  atiempted  to 
find  by  various  other  methods;  for  the  ininutcne»s  of  the 
requisite  angles  easily  eludes  the  nicest  instruments.  But 
in  observing  the  ingress  of  Venus  into  the  sun,  and  her 
egres*  from  the  tame,  the  interval  between  the  moments 
of  the  internal  contaett,  observed  to  a second  of  time, 
that  is,  to  of  a second,  or  4"*  of  an  arch,  may  be  ob- 
tained by  the  assistance  of  a moderate  telescope,  and  a 
pendulum  clock  that  goes  uniformly  for  6 or  8 hours. 
Now  irotn  two  such  observations,  nglitly  roadean  proper 
places,  the  distance  of  the  sun,  witbin  a jOOtii  part,  may 
be  certainly  concluded,  Ac. — The  only  observations  that 
have  i>cen  made,  were  thr>:«e  of  16'39,  I76T,  and  176^; 
whence  the  sun’s  parallax  has  bi*en  infemd  to  be  8*^3. 
Sec  Parallax  and  Venus. 

Tkakmt  ijufrumenr,  in  Astronomy,  is  a telescope  fixed 
at  right  angle*  to  a horizontal  axis ; this  axis  being  so  sup- 
ported that  the  line  of  collimation  may  move  in  the  plane 
of  the  meridian. 

The  axi>,  to  the  middle  of  which  the  telescope  is  fixed, 
should  gradually  U|N>r  towards  its  ends,  and  lerminaie  in 
cylinders  well  turned  and  srooolhvd  ; and  a proper  weight 
or  balance  is  put  on  the  tube,  so  that  it  may  stand  at  any 
elevation  when  tbr  axis  rests  on  the  supporter*.  Two  up- 
right post*  of  wood  or  stone,  firmly  fixed  at  a proper  di- 
stance, are  to  sustain  the  supporu-rs  to  ibis  instrument; 
these  supporters  arc  two  thick  brass  plates,  having  well 
smoothed  angular  notches  in  their  upper  ends  to  receive 
the  cylindrical  arpis  of  the  axis;  each  of  the  notched 
plates  is  contrived  to  be  moveable  by  a screw,  which 
slides  them  upon  the  surfaces  of  two  other  plate*  im- 
moveably  fixed  to  the  two  upright  posts;  one  plate  mov- 
ing in  a vertical  direction,  and  the  other  horixonially, 
they  adjust  the  telescope  to  the  planes  of  the  horizon  and 
meridian;  to  the  plane  of  the  horizon,  by  a spirit  level 
hung  in  a position  parallel  to  the  axis,  and  to  ihr  plane 
of  the  meridian  in  the  following  manner.  ObH'rve  the 
timra  by  the  clock  when  a circumpolar  star,  seen  through 
this  instrument,  transits  both  above  and  below  the  pole  ; 
then  if  the  limes  of  describing  the  eastern  and  western 
parts  of  its  circuit  be  equal,  the  telescope  is  then  in  the 
plane  of  the  meridian;  olhorwise  tbo  notched  plates  must 
be  gently  moved  till  the  time  of  the  star’s  revolution  ia 
bisected  by  Imth  the  upper  and  lower  transits,  taking  care 
at  the  same  time  that  the  axis  keeps  its  horiaontal  poai- 
ttpn. 

When  the  telescope  is  thus  adjusted,  a mark  must  be 
set  up,  or  made,  at  a considerable  distance  fthe  greater 
the  better)  in  the  horiaontal  direction  of  the  intersection 
of  the  cross  wires,  and  in  a place  where  it  can  bi  illumi- 
nated in  the  mght*iime  by  a lanihorn  near  it,  which  mark, 
U‘ing  on  a fixed  object^  will  serve  at  all  times  afterwards 
to  examine  the  position  of  the  telescupv,  by  first  adjusting 
the  tranverse  axis  by  ihC  level. 

To  adjust  a clock  by  the  sun’^  iransil  over  the  meri- 
dian, note  the  time*  by  the  cli>ck,  when  the  pn-ci  diug  and 
following  edges  of  the  sun’s  limb  touch  (he  cross  wires; 
the  difiereiice  betwocn  the  middle  time  and  12  hours, 
shows  how  much  the  mean,  or  clock  time,  is  fa^iter  anil 
slower  than  the  apparent  or  solar  time,  loj’  (hat  day;  to 
which  the  equation  of  lime  bring  applied,  it  will  show  the 
time  of  mean  noon  for  that  day,  by  which  the  clock  may 
be  Hiljusred. 

TRANSMISSION,  iu  Optics,  Ac,  denotes  the  property 
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of  a trnmparcnt  or.  tnin&lucent  body,  by  which  U admiU 
« the  mys  ut  li^lu  to  Uiruugb  it»  »ub<ttance;  in  which 
seiiM't  thf  Word  cppu^cd  to  retlcctiun. — For  the 

cauM.*  oi  trantinKbiofU  or  tin*  r4‘a»un  why  some  bodies 
transmit  the  and  ulbvrs  leOid  tbeiu,  sl’C  Trak&pa- 
UEKCT  anu  Op.«.  1 » Y.— The  ray*  of  light,  Newton  ob- 
serves, are  «uhjti  t to  fits  of  easy  transmission  and  redec- 
tiuii.  Sinr  LioiiX.  and  llcrLEcrtoK. 

TRANSMU  fATlON.  or  Tkansporh ation,  in  Geo- 
metry, denotes  the  reduction  or  change  of  one  hgure  or 
hotly  into  another  ui  the  same  aied  or  solidity  ; as  a tri- 
uigic  into  H v<|Uare.  a p)  raiiiid  into  a cube,  &c. 

't'kANaMUTAriON,  in  ih*-  fliglier  Geomciry.  has  been 
used  for  the  Converting  of  a figure  into  another  of  the  same 
kimt  and  onier,  whose  respective  parts  rise  to  the  same  di- 
mensions in  an  rnuHii«*n.  and  admit  the  same  taiigenu, 
dcc.^lf  a rari  liiu'a)  ligure  be  to  be  transmuted  into  uno- 
ther,  it  is  »ufHci>  nt  that  (he  inu*rscClions  of  the  lines  which 
compose  it  be  transicrrrd,  and  lines  drawn  through  the 
same  in  the  new  figure.  But  if  the  figure  to  be  trans- 
muted lie  rurviltnear.  the  points,  langeiiis,  and  other  right 
line's,  by  mi.  an*  of  which  the  cuive  line  is  to  be  defined, 
imist  be  traiisfern'd. 

TRANSOM,  among  Rudders,  the  piece  that  is  framed 
across  a double  light  window.  ' 

Transom,  among  Maihemaiicianfs  denotes  the  vane  of 
a cross-staff;  being  a wooden  member  fixed  across  it,  with 
a stfuarc  upon  which  it  slides,  Ac, 

TRANSPARKNf’V,  or  Translucincy,  in  Physics, 
a quality  in  certain  bodies,  by  which  they  give  passage  to 
the  ra)s  of  light.  I'he  transparency  of  natural  bodies, 
as  glass,  water,  air,  Ac,  is  ascribed  by  some,  to  the  great 
• liumbiT  end  stxe  of  the  pores  or  interstices  between  the 
.particles  of  those  bodies.  But  this  account  is  very  de- 
fective ; fur  the  tnmi  solid  and  opaque  body  in  nature, 
that  we  know  of,  contains  a great  deM  mure  of  pores'than 
it  docs  mailer  ; surely  a great  deal  more  than  is  necessary 
fur  the  passage  of  so  very  fine  and  subtle  a body  as  light. 

AHstolle,  Ursrartes,  Ac,  make  transparency  to  consist 
in  straigliiness  or  reciiliiuuil  direction  of  the  pores;  by 
means  of  which,  say  they,  the  ra^x  can  pass  freely  through, 
witfiout  sinking  against  the  solid  parts,  and  to  beirig  re- 
flected back  again.  But  this  account.  Newton  shows,  is 
impt^rfect;  the  quantity  of  pores  in  all  bodies  being  suffi- 
cient to  transmit  all  the  rays  that  fail  upon  them,  however 
those  pores  be  situated  with  respect  to  each  other. 

The  reason  then  why  all  bodies  are  not  transparent,  is 
not  to  be  ascribed  (n  their  want  of  nciilineal  pores  ; but 
either  to  the  unequal  density  of  the  parts,  or  lo  the  pores 
being  filled  with  some  foreign  matters,  or  to  their  being 
qi^te  empty,  by  means  of  which  the  rays,  in  passing 
through,  undergoing  a great  variety  of  reflections  and  re- 
fractions, are  perpetually  diverted  different  ways,  till  at 
length  falling  on  tomrf  of  the  sejid  purls  of  the  body,  they 
are  extinguished  and  Rbaorbed. 

Thus  cork,  paper,  wood,  Ac,  are  opake;  while  glass, 
diamonds,  Ac,  are  transparent ; and  the  reason  is,  that  in 
the  neighbourhood  of  parts  equal  in  density  with  respect 
to  each  other,  as  these  latter  bodies,  the  attraction  bi’ing 
equal  on  every  side,  no  reflection  or  refraction  ensues  : but 
the  rays  which  entered  the  first  surface  of  the  body  pro 
ceed  quite  through  it'wiihout  interruption,  those  few  only 
excepted  that  chance  to  meet  with  the  solid  parts  : but  in 
the  neighbourhood  of  parts  that  differ  much  in  density, 
such  as  the  parts  of  wood  and  paper  are,  both  irviospect 
of  themselves  and  of  the  air,  or  the  empty  space  in  tocir 


pores;  as  the  attraction  is  ve^y  unequal,  the  reflections  and 
refractions  roust  be  very  ga*al ; und  iherelore  the  rays 
will  not  be  able  lo  make  their  way  through  such  bodies, 
but  will  be  variously  deflected,  and  ut  length  quite  stop- 
ped. See  Opacity. 

TRaNsPuSI  TION,  in  Algrbia,  is  the  bringing  any 
term  of  an  equation  over  to  the  other  side  of  »L  Thus 
-if  a X =s  c,  and  we  make  x s c — n,  then  a is  said 
to  be  tran^posi'd.  This  operation  is  to  be  performed  in 
order  to  bring  all  the  known  terms  to  one  side  of  the  equa- 
tion, and  all  those  that  are  unknown  to  the  other  side  of 
it;  and  every  term  thus  transpouHl  must  always  have  its 
sign  changed,  from  ■+■  to  — ,^orfrom  — lo  -4-  • which  in 
fact  is  no  more  than  subtracting  or  adding  such  term  on 
both  sides  of  the  equation.  - See  Reductioji  of  Lquations* 

1 R.^NSVtUbK-wfxM,  or  Diiunf/er\  in  the  Conic  Sec- 
tions, is  the  first  or  principal  diameter,  or  axis.  See  Axis, 
Diameter,  and  Latus  Tuansvxrscm.  In  an  ellipse, 
the  transverse*  is  the  longest  of  all  the  diamfUrs;  but  the 
shortest  of  all  in  the  hyperbola ; and  in  the  piirnbota  the 
diameters  are  all  equal,  or  at  least  in  a ratio  of  equality. 

THAPKZIUM,  in  Geometry,  a plane  figure  of  four 
straight  sid<>s,  of  which  the  opposite**  arc  not  parallel.— 
>Vhcn  this  figure  has  two  of  its  sides  parallel  loeacb  other, 
it  is  sometimes  called  a trapexoid. — The  chief  propertic*s 
of  the  trapeiiuro  are  as  follow:  1.  Any  three  sides  of  a 
trapextum  taken  together,  are  greater  than  the  4th  side. 
—'2.  The  two  diagonals  of  any  trapezium  divide  it  into 
four  proportional  triangles,  a,  6,  c,  d ; that  is,  the  trian- 
gle a : 6 c : d.— 3.  The  suirt  of  all  the  four  inward 
angles,  a,  b,  c,  d,  taken  together,  is  equal  to  *k  right  an- 
gles, or  360*. 


4«  In  a trapezium  abcd,  if  all  the  sides  be  bisected, 
in  the  (voints  k,  f,  n,  H,  the  figure  efoii  formed  by  join- 
ing the  points  of  bisection  will  be  a parallelogram,  having 
its  opposite  sides  parallel  to  the  corresponding  diagonals  of 
the  trapezium,  and  the  area  of  the  said  inscriherl  paral- 
lelogram is  jut-t  equal  to  half  the  arv'a  of  the  trapezium. 

3.  The  sum  of  the  squart*s  of  the  diagonals  of  the  tiA)Kv 
zium,  is  equal  to  double  the  sum  of  the  squares  ot  the 
diagonals  of  the  parallelogram,  or  of  the  two  tines  drawn 
to  bisect  the  opposite  sides  of  the  trapezium.  That  is, 
AC*  bd'  * 2ec®  -h  2l'll*. 

6.  In  any  trapezium,  the  sum  of  the  squares  of  all  the 
four  sides,  is  equal  to  the  sum  of  the  squart**  of  the  two 
diagonals  together  with  4 times  the  square  of  tbo  line  ki 
joining  their  middle  points.  That  is, 

AB*  BC*  -4-  CD*  -O'  DA*  = AC*  -4-  BD*  ilR*. 

7>  In  any  trapezium,  the  sum  of  the  two  diagonals,  is 
less  than  the  sum  of  any  four  lines  that  can  be  drawn,  to 
the  four  angles,  from  any  point  within  the  figure,  brsi(h>t 
the  intersection  of  the  diagonal*.— 8.  'I'hc  area  of  any 
trapezium,  is  equal  to  half  the  rectangle  or  product  under 
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either  diagonal  and  the  sum  of  the  two  perpendiculars 
drawn  upon  it  from  the  two  opposiu- angUs  — 9-  The  area 
of  any  trepetium  may  also  be  lound  thus  : Multiply  the 
two  diagonals  together,  then  that  product,  multiplied  by 
the  sine  of  their  angle  of  intersection,  to  the  radius  I , will 
be  the  area.  That  is,  at  a dd  x sin.  = area. 
^10.  Thesame  area  will  be  otherwise  found  thus  : Square 
each  side  of  a trapezium,  add  the  squares  of  each  pair  of 
opposite  sides  together,  subtract  the  loss  sum  from  the* 
greater,  multiply  the  reinamdor  by  the  tangent  of  the  an- 
gle of  intersection  of  the  diagonals  (to  radius  1),  and  | 
of  the  product  will  be  the  arx*a  : (hat  is, 

[(a  a*  DC*)  — (ad*+  bc')]  X i lang.  z.t  =area. 

11.  The  area  of  a trapeziad,  or  one  that  has  two  sides 
parallel,  is  equal  to  the  reotangle  or  product  under  the 
sum  of  the  two  parallel  sides  and  the  perpendicular  di- 
stance between  them.— 12.  If  a irapt'zium  be  inscribed  in 
a circle;  the  sum  of  any  two  opposite  angles  is  equal  to  ' 
two  right  angU*s ; and  if  the  sum  of  two  opposite  angles 
be  equal  to  two  right  angles,  the  sum  of  the  other  two 
will  also  be  equal  to  two  right  angles,  and  a circle  may  be 
descnb(*d  about  it ; and  farther,  if  one  sides  as  or,  be  pro- 
duced, the  external  angle  will  be  equal  to  the  interior  op- 
posite angle.  That  is,  (last  hg.  above) 

4a  4C  =s  4b  'h  4D  S3  2 right  angles, 

and  4a  =:  4rcp. 

13.  If  a trapezium  be  inscribed  in  a circle;  the  rect- 
angle of  the  two  diagonals,  is  equal  to  the  sum  of  the  two 
rectangles  contained  under  the  opposite  sides.  That  is, 

ACX  BDSAB  X DC-+-+D  x BC. 

14.  If  a trapezium  be  inscribed  in  a circle;  its  area 
may  be  found  tilns  : Multiply  any  two  adjacent  sides  to- 
gether, and  the  other  two  sides  together;  then  add  these 
two  products  (ngether.  and  multiply  the  sum  by  the  sine 
of  the  angle  included  by  cither  of  the  pairs  of  sides  that 
arc  multiplied  together,  and  half  this  last  product  will  be 
the  area.  That  is,  the  area  is  equal  cither 

to  (ab  X A D -t-  CB  X cd)  X I sin.  4 A or  4c, 
or  (ab  X BC  -e  AU  X ih’)  x j sin.  4 b or  4 0. 

1 5.  Or,  when  the  trapezium  can  be  inscribed  in  a circle, 
the  area  may  be  otherwise  found  thus:  Add  all  the  four 
sides  together,  and  take  half  the  sum  ; then  from  this  half 
sum  subtract  each  side  severally  ; multiply  the  four  re- 
mainders continually  together,  and  the  square  root  of  the 
last  product  will  be  the  area. 

10.  Lastly,  the  area  of  the  trapezium  ioscHbed  in  a 
circle  may  ^ otherwise  found  thus : 

Put  m SAD  X BC-KAD  X DC, 
a =r  MA  X AD  -I-  BC  X CD, 

P = ABk  DC-t-ADX  Bf, 

f s radius  of  the  circumscribing  circle, 
then  ^ mnp  -r  4r  = the  area  of  the  trap<  zium. 

TRAPlr^OlI),  «<»metimes  dentites  a trapezium  that  lias 
two  of  its  sides  parallel  to  each  other ; and  sometimes  an 
irregularsolid  figure,  having foursides  not  parallel  la  each 
other.  See  Trapezium. 

TR.WKRSK,  in  Gunnery,  is  (he  turning  a piece  of  ord- 
nance about,  as  upon  a centre,  to  make  it  point  in  any 
pafiicular  direction. 

Tra  VEUSSV,  in  Fortification,  i«  a trench  with  a little  pa- 
rapet, sometimes  two,  one  on  each  side,  (o serve  as  a cover 
from  the  enemy  that  might  come  in  ilaiik. 

Travebbi:.  m a wet  toss,  is  a kind  of  gnlh-ry.  made  by 
throwing  Dtuc^ssons,  joisl|i,  fasciiu^,  stones,  earth,  Ac, 
into  (he  foil,  rtppnsitc  the  place  where  (I.e  miner  is  to  be 
put,  in  order  to  fill  up  the  ditch, and  make  a passageoverit. 


Traversp.  also  denotes  a wail  oft>arth,  or  stone,  raised 
across  a work,  to  stop  the  shut  from  rcHling  along  it. 

Traverse  is  also  used  for  any  rcircnchmtnl,  nr  line 
fortified  with  fascirres.  bam-ls  or  bags  of  Carth,  or  gabions. 

'I’uAVCRsB,  in  Navigation,  is  the  variation  of  a ship's 
course,  occaskrned  by  the  shifting  of  the  wintls,  or  cur- 
rents, Ac ; or  a traverse  is  a Compouml’ course,  Consisting 
of  several  difterent  courses  and  distnuct^s. 

1'ravf.rsc  SaHing,  ts  the  methoti  of  working,  or  cal- 
culating traverses,  or  compuimd  courses,  so  as  to  bring 
them  into  one,  Ac.  Traverse  sailing  is  used  when  a ship, 
having  sailed  from  one  port  towards  another,  whose  coufso 
and  distance  from  the  former  is  known,  is  by  reason  of 
contrary  winds,  or  other  accidents,  forced  to  shift  and  sail 
upon  several  courses,  which  arc  to  be  reduced  into  ono 
course,  in  order  to  determine,  after  so  many  turnings  and 
windings,  the  true  course  and  distance  made  good,  or  the 
true  point  the  ship  is  arrived  at ; and  so  to  know  what  is 
(he  true  distance,  and  the  new  course ‘to  be  steered,  to  ar- 
rive at  the  intended  port. 

To  Construct  a Traverse.  Assume  a convenient  point 
nr  centre,  to  begin  at,  to  represent  tfie  place  sailed  from. 
From  that  point  as  a centre,  with  the  irhord  of  de- 
scribe a circle,  which  quarter  with  two  perpendicular  lines 
intersecting  in  the  centre,  ono  to  represent  the  meridian, 
or  norih-and-south  line,  and  the  other  the  easl-and-wcst 
line.  From  the  intersectimis  of  these  lines  with  the  cir- 
cle, set  oflT  upon  the  circumference,  the  arcs  or  degrees, 
taken  from  the  chords,  for  the  several  courses  that  have 
been  sailed  upon,  marking  the  points  they  reach  to,. in  the 
circumference,  with  the  figures  for  the  order  or  number 
of  the  courses,  1,  2,  3,  4,  Ac  ; and  from  the  centre  draw 
lines  (o  these  several  points  in  the  circumference,  or  con- 
ceive them  to  be  drawn.  On  the  first  of  these  lines  lay* 
olf  (ho  first  di>lance  sailed ; from  the  extrcniily  of  this 
distance  draw  a line  parallel  to  the  st*cond  radius,  nr  line 
drawn  in  the  circle,  npi>n  which  lay  off  the  2d  distance; 
through  the  end  of  ibis  2d  distance  draw  a line  parallel 
to  the  3d  radius,  fur  the  direction  of  the  3d  course,  and 
on  it  lay  off  (he  3d  distance ; and  so  on,  through  all  the 
courses  and  distances.  This  done,  draw  u line  from  the 
centre  to  the  end  of  the  last  distance,  which  will  he  the 
whole  disliincc  made  good,  and  it  will  cut  the  circle  in  a 
point  showing  the  cuursq  made  good.  Lastly,  draw  aline 
from  the  end  of  the  last  distance  to  the  point  represtmting 
the  port  bound  to,and  it  will  show  the  distance  and  course 
yet  to  be  saileii,  to  gain  that  p<*rt. 

To  work  a Traverse,  or  to  compute  it  by  the  Traverse  Table, 
qf  DiJFcrence  qf  Latitude  and  Departure 
Make  a little  tablet  with  6 columns;  the  1st  for  the 
cniirsi's,  the  2d  for  the  distanci-s,  the  3d  for  the  uortbing, 
the  4ih  for  the  southing,  the  5th  for  the  casting,  and  the 
6ih  for  the  westing;  first  entering  the  several  courses  and 
distances,  in  so  many  lines,  in  the  1st  and  2d  columns. 
Then,  from  the  traverse  table,  take  oln  the  quantity  of  (he 
mirthings  or  southings,  and  eastings  or  wesung>,  onswering 
to  the  si'veral  given  courst^s  and  distances,  entering  them 
on  their  corresponding  lines,  and  in  the  proper  columns  of 
eaaiing,  westing,  northing  and  southing.  This  done,  add 
up  into  one  sum,  the  numbers  in  each  of  these  la>t  four 
columns,  which  will  give  four  sums  showing  the  whole 
quantity  of  casting,  westing,  northing,  and  southing  made 
good;  then  take  the  difference  between  the  whole  easting 
and  westing,  and  also  between  the  northing  and  southing, 
so  shall  these  show  the  spaces  made  good  in  these  two  d»- 
recUons,' viz, castor  west,  and  norih  or  south;  which  being 
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cnmptrcil  %fith  the  givrn  dtfferimce  of  latitude  knd  depert- 
turv,  will  fthow  tboie  yet  totw  obtained  in  sailing  to  the 
desired  }>nri,  and  (hence  the  course  and  distance  to  it. 

Exampie.  A ship  from  the  latitude  28°  32^  north,  bound 
to  a port  distant  100  miles,  and  bearing  nC  by  M,  has  run 
the  following  courses  and  distances,  via,  1st,  n w by  dist« 
20  miles  ; 2d,  svr  40  miles  ; 3d,  N£  by  z 60  miles ; 4th, 
SB  55  miles;  5th,  w by  s 41  miles;  6th,  eh  a 66  miles. 
Required  her  present  latitude,  with  the  direct  course  and 
distance  made  good,  and  those  for  (be  port  bound  to. 

The  numU'rs  being  taJtenout  of  the  traverse  tabic,  and 
entered  opposite  the  several  courses  and  distances,  the  (a* 
blel  will  be  here  follows: 


Courws. 

DUt. 

N. 

a 

E. 

w. 

Hw  by  H 

20 

16-6 

. 

, 

11*1 

sw 

40 

28-3 

, 

28-3 

HE  b a 

6o 

33-3 

. 

49  9 

BE 

55 

. 

38*9 

38*9 

, 

w b s 

41 

8 0 

. 

40*2 

EH  E 

6t) 

25-3 

6l'0 

• 

73-s 

75-2 

149*8 

790' 

rs-2 

79(i 

' 0 

70-2 

I)rp. 

where  the  sums  of  the  northings  and  southings,  bung  both 
alike,  75*2,  shows  that  theshipis  come  to  the  same  paral- 
tel  of  latitude  she  set  out  from.  And  the  ditfrrence  be-* 
t-.vecn  the  sums  of  the  eastings  and  westings,  shows  that 
the  ship  is  70*2  miles  mure  to  Hie  eastward,  that  being  the 
gn^ter.  Consequently  the  course  made  good  is  due  ea:>t, 
and  the  distance  is  70'2  miles. 

But,  by  tlse  traverse  table,  the  northing  and  easting  to 
the  proposed  course  ke  by  h,  aod  distance  100,  arc  thus, 
\iz,  northing  63'1  and  rastiiig  55*6 
difF.  from  nude  good  0 and  casting  70*2 
give  - • northing  88' i and  westing  14'6 
yet  to  be  made  good  to  arrive  at  the  intended  port;  and 
therefore,  by  finding  these  in  tbe  traverse  table,  answering 
to  them  are  the  intended  course  and  distance,  vis,  distant 
85,  and  course  k 10°  w.  ^ 

The  geometrical  constrtictsoa,  according  to  the  method 
before  described,  gives 
the  figure  aaneaed : 
where  a is  the  port 
sailed  from,  B >s  the 
port  hound  to,  c is  the 
place  oomelo,  by  sail> 
ing  the  several  courses 
and  distances  aa,  ah, 
tCf  ctl^  (fc,  and  ec  ; then 
CB  is  the  distance  to  be 
sailed  to  arrive  at  the 
port  B,  and  ila  course, 
or  direction  with  the 
ineridian,  is  nearly  1 0°, 
or  the  angle  acb,  made 
with  the  east-and-west  line,  nearly  80°. — A^o/e,  the  radii 
from  the  centre  to  the  several  points  in  the  circumference, 
are  omitted,  to  prevent  a confusion  in  the  figure. 

Traverse* Board,  in  a ship,  a small  round  board,  hang* 
ing  up  tu  the  steerage,  and  pierced  full  of  holes  in  lines 
showing  tbe  points  of  the  compass : upon  which,  by  mov- 
ing a small  peg  from  hole  to  hole,  the  steenman  keeps  an 
VoL.  II. 


account  how  many  glau«,  that  is  half  hoan,  the  ship 
steers  upon  any  point. 

Tra vERSB-TaMc,  in  Navigation,  it  the  seine  with  a 
table  of  difi'erence  of  latitude  and  departure  ; being  tbe 
dilTercncc  of  latitude  and  departure  ready  caltulated  to 
ei'cry  point,  half  point,  quarter  point,  degree,  &c,  of  (he 
uuadrant;  and  for  every  distance,  up  to  50  or  100  or  120, 
Ac.  Though  it  may  serve  for  any  greater  distance  what 
ever,  l y adding  two  or  more  together ; or  by  taking  their 
halves,  thirds,  fourths,  &c,  and  then  doubling  tripling, 
quadrupling,  Ac,  the  diflercnce  of  latitude  and  departure 
found  to  those  parts  of  the  distance. 

This  (able  is  one  of  the  roost  necessary  and  useful  things 
a navizator  has  occasion  for;  for  by  it  be  can  readily  re- 
duce nil  his  courses  and  distances,  run  in  the  s|>ace  of  24 
hours, into  one  course  and  distance;  whence  he  finds  the 
latiluiie  hois  in,  and  the  departure  from  tbe  meridian. 

One  of  the  best  tables  of  this  kind  is  in  Robertson's  Na- 
vigation, at  the  end  of  book  7,  vol.  1.  The  distances  are 
there  carried  to  120,  for  the  sake  of  more  easy  subdivi- 
sions; and  it  is  divided  into  two  parts;  the  first  contain- 
ing (he  courses  for  every  quarter  point  of  the  compass, 
and  the  2d  adapted  to  every  15',  or  quarter  of  a degree, '' 
in  the  Quadrant.  Sec  Traverse  Sailing. 

j.  specinu-n  of  such  a traverse  table  is  the  following, 
otherwise  called  a table  of  difi'erence  of  latitude  and  de- 
parture. I'hc  distances  arc  placed  at  top  and  bottom  of 
the  columns,  from  1 to  10;  but  may  be  extended  to  any 
quantity  by  multiplying  the  parts,  and  taking  out  at  Si've- 
rul  times,  Tbe  courses,  or  angles  of  a right-angkd  tri- 
angle, are  in  a column,  on  both  sides,  each  ki  4wo  parts, 
tbe  one  containing  the  even  points  and  quarter  points,  and 
the  other  whole  degrees,  as  far  as  to  45°,  or  half  the  qua- 
drant, on  the  left-hand  side,  and  tbe  other  half  quadrant, 
from  45°  to  9^''*  returned  upward*  from  bottom  tu  top  on 
the  right-hand  side.  The  corresponding  dilTcrGiice  of  la- 
titude and  diparlurc  are  in  two  columns  Ix-low  or  above 
the  disunces,  viz,  b<‘Iow  them  when  tlic  course  or  angle  is 
within  45°,  or  found  on  the  left* bard  side;  but  above  them 
when  between  45  and  90°,  or  found  on  the  rigbtdiand  side. 

Tbe  same  table  serves  also  tu  work  all  cases  of  right- 
angled  triangles,  for  any  other  purposes.  For  example. 
Suppose  R given  course  be  15°,  and  diatanoa  35  miles,  to 
find  tbe  corresponding  difference  of  latitude  and  the  de- 
parture : Or,  in  • right-angled  triangle,  given  tbe  hypotbe- 
nete  35,  and  one  angle  15°,  to  find  the  two  legs. — Here, 
the  distance  3 in  the  table  must  be  accounted  JO,  moving 
the  decimal  p >int  proportionally  or  one  place  in  the  other 
numbers;  and  those  numbers  taken  out  at  twice,  via, once 
from  the  columns  under  3 for  the  30,  and  the  other  fiom 
the  columns  under  the  distance  5.  Thus,  on  the  line  of 
15°,  and  under  the 

Disi.  Let.  Dfp. 

30  are  28*978  Rnd  7*765 
5 arc  4*830  and  1*294 
therefore  for  35  arc  33'b08  and  P‘059 
So  that  the  other  two  legs  of  the  triangle  are  33*808  and 
9'059>  If  the  course  had  been  75°,  or  tbe  complement 
of  the  former,  which  is  only  the  other  angle  of  the  same 
triangle,  and  which  is  found  on  the  same  line  of  the  (able, 
but  on  the  right-hund  tide  of  it ; then  the  numbers  in  (ho 
columns  win  be  the  same  as  before,  and  ill  giw  the  same 
sums  for  the  two  Ires  of  the  triangle,  only  with  the  con- 
trary names,  as  to  latitude  and  departure,  whicls  change 
places. 
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A TABtr.  of  the  DifcrejKe  of  LatitutU  and  Departure,  for  Dezren  cud  Sunrier  Pointe,  • 
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TREBLE,  in  Music,  the  highest  or  ncutest  of  the  four 
parts  in  symphony,  or  that  which  is  heard  the  clearest  and 
sfarilU-st  in  a concert.  Jn  the  like  sense  wo  say,  a treble 
violin,  tn  blc  hautboy,  6cc.  In  vocal  music,  the  treble  is 
usually  committed  to  boys  and  girls;  their  proper  part 
being  the  treble.  The  treble  is  divided  into  first  or  highest 
treble,  and  »« cond  or  ba>s  treble.  The  half  treble  is  the 
same  with  the  counter>tciior. 

TRENCHED,  in  Fortification,  are  ditches  which  the 
besiegers  cut  to  approach  more  securely  to  the  place  at- 
tacked ; whence  they  are  called  lines  of  approach.  Their 
breadth  is  8 or  10  (eel,  and  depth  6 or  7«*— ‘ i hey  soy, 
mount  the  irciichrs,  that  is,  go  upon  duty  in  them.  To 
relieve  the  trenches,  is  to  relieve  such  us  have  been  upon 
duty  there.  The  enemy  is  said  to  havecleared  the  trenches, 
when  he  has  driven  away  or  killed  the  soldiers  w ho  guarded 
them. 

Tail  qf  the  TuscHt  is  the  place  where  it  was  begun. 
And  the  Head  is  the  place  where  it  ends. 

q/' Me  Tr INCHES,  is  when  the  besiegers  first 
begin  to  work  U|Kjn  them,  or  to  make  them;  which  is 
Usually  done  in  the  night. 

TREPIDATION,  in  the  ancient  astronomy,  denote 
what  was  called  a libratiim  of  llie  8th  sphere;  or  u mo- 
liim  which  the  Ptolemaic  system  auributed  to  the  firm.i- 
ment,  toacenum  for  certain  alntoal  insensible  changes  and 
motions  observed  in  the  axis  of  the  world;  by  means  of 
which  the  latitude  s of  the  fixed  stars  come  to  be  t^raduilly 
cbangixl,  and  the  ecliptic  appears  to  approach  reciprocally, 
first  towards  one  pole  and  then  towards  the  other. — T his 
motion  is  hImi  cnlltnl  the  motion  of  the  first  libration; 

Tiu;r.  in  Commeice,  is  an  allowance  made  for  the 
waiite,  or  the  dust,  that  may  he  mixed  with  any  commo- 
dity; whiih  is  always  4 pounds  ou  every  IU4  pounds 
weight.,  SeeT.UUC, 

TRIANOI.K.,  m Geometry,  a figure  bounded  or  con- 
tained by  thr*e  lines  or  sides,  and  which  consequently  has 
three  angles,  whence  the  figure  takes  its  name. 

Trinnalrs  are  either  plane  «»f  spherical  or  curvilinear. 
Plane  when  the  three  sides  uf  ihe  triangle  are  right  lines; 
but  spherical  when  hmuv  or  all  of  them  are  arcs  of  great 
circles  on  the  sphere. 

Plane  triangl- s take  several  denominationa,  both  from 
the  relation  ol  their  angles,  and  of  thetr  sades,  as  below. 
And  ift  with  n^gord  to  the  sides. 


An  EffvUnteral  TWangfe,  is  that  which  has  all  its  three 
sides  equal  to  one  another ; a. 

An  Isotcelet  or  E<ftacrurai  Tnargle^  is  that  which  has 
two  sides  equal ; as  b. 

A ScaUae  TViavg/e  has  all  its  sides  unequal ; as  c. 
Aga.n,  with  respect  to  the  angWs.  ^ 


A Hectan^Uir  or  Hight-emgled  Triattglty  u that  which 
has  one  right  angle;  as  D. 

An  Ol^tiifue  TriangU  is  that  which  hat  do  right  angle, 
but  all  oblique  oites ; as  a or  p. 


An  jdcttlattf«i/4sr  or  Oiygtme  TYianglt,  it  that  which 
has  three  acute  angles ; as  b. 

An  Obiutmgulnr  or  Ambfygone  Triangle,  is  that  which 
has  an  obtuse  angle;  as  r. 

A Curvilinear  or  Cuijnlii^al  Triangle,  is  one  tha^  has  all 
its  three  sides  curve  lines. 

A J//xriYbtrar  Triangle,  is  one  that  has  its  sides  some  of 
them  curves,  and  some  right  lines. 

A 5/)Arricuf  Triangle  is  unc  that  has  its  side«,  or  at  least 
some  of  ihviD,  arcs  of  gu*ai  circles  of  the  sphere. 

A'imi/or  Triangles  are  such  as  hava  the  angles  iu  the  one 
equal  to  the  angles  in  the  other,  each  to  each. 

The  Base  of  a tiiangle,  is  any  side  on  which  a perpen- 
dicular is  drawn  from  the  opposite  angle,  called  the  ver- 
tex : and  the  two  sides  about  the  perpendicular,  or  tbe 
vertex,  arc  called  the  legs. 

I’he  chief  properties  of  plane  triangles,  are  as  follow, 
vis,  In  any  plane  triangle, 

I.  The  greatest  side  is  opposite  to  the  greatest  angle,, 
ami  the  least  side  to  the  least  angle,  jkc.  Also,  if  two 
sides  be  equal,  their  opposite  angles  are  equal ; and  if  the 
triangle  be  equilateral,  or  have  all  its  sides  equal,  it  will 
also  be  cquianguiar,  or  liave  all  its  angli'S  equal  to  one 
another.— 2.  Any  sick'  of  a triangle  is  less  than  the  sum, 
but  greater  than  the  ciiflference,  of  the  other  two  shies.— 
3.  The  sum  of  all  the  three  angles,  taken  together,  is  equal 
to  two  right  nngl(*s. — 4.  If  one  side  of  a triangle  be  pro- 
duced, the  external  angle,  made  by  it  and  the  adjacent 
side,  is  equal  to  the  sum  of  the  t .vo  opposite  internalangK  s. 
—5.  A line  drawn  parallel  to  one  side  of  a triangle,  cuts 
the  other  two  sides  proportionally,  the  correspumling  seg- 
ments Uing  proportional,  each  to  each,  and  to  the  whole 
sides ; and  the  triaiiglc  cut  utf  is  siniUai;  to  the  whole  tri- 
angle, 

ll  a pi'rpeiidiculnr  he  let  fall  from  any  angle  of  a tri- 
angle, as  a vertical  angle,  ujHin  (he  opposite  side  as  a base  ; 
then,  0.  Tbe  rectangle  ol  the  sum  and  difierence  of  the 
side*,  >s  tqual  to  twice  tbe  rectangle  of  the  base  and  the 
distance  »t  the  perpendicular  from  the  middle  of  the  base. 
— Or,  which  is  the  same  thing  in  other  words,  7.  The  dif- 
frrence  of  the  squares  of  the  sides,  is  equal  to  tbe  differ- 
ence of  the  squares  of  the  segments  of  the  base.  Or,  as 
the  base  is  to  the  sum  of  the  sides,  so  is  the  difference  of 
the  sides,  to  the  diffi'irncc  of  the  segmems  of  the  base. — 
8.  The  rectangle  of  the  legs  or  side*,  is  equal  to  the  rect- 
angle of  the  perpendicular  and  tbe  diameter  of  ihccircum- 
tcribiog  circle. 

If  a line  be  drawn  bisecting  any  angle,  to  the  base  or  op- 
posite side;  then,  9.  The  segments  of  tbe  base,  made  by 
the  line  bisecting  the  opposite  angle,  are  proportional  to 
the  side*  adjacent  t^  them. — 10,  The  square  of  the  line 
bisecting  the  angle,  is  equal  to  the  difference  between  Ihe 
rectangle  of  the  sides  and  the  rectangle  of  the  segments  of 
tbe  base. 

If  a line  be  drawn  from  any  angle  to  the  middle  of  tbe 
opposite  side,  or  bisecting  the  base;  then,  11.  Tlicsumof 
the  squares  of  the  sides,  is  equal  to  twice  the  sum  of  the 
squares  of  half  the  base  and  the  line  bisecting  the  base.— 
12.  The  angle  made  by  the  perpendicular  from  any  angle 
and  the  line  drawn  from  the  same  angle  to  the  middle  of 
the  base,  is  equal  to  half  the  differeuce  of  the  angles  at  the 
hose.— 13.  If  through  any  point  p,  within  a triangle  abc, 
three  lines  ar,  OJi.  ik,  be  drawn  parallel  to  the  three 
sides  of  the  triangle ; tbe  continual  producis  orM.didsinade 
by  llic  altefoale  segiiKote  of  these  lines  wiR  be  equal ; via„ 
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14.  If  three  lines  al,  bm,  cn,  be  dr»Hn  from  ihc  three 
angles  through  any  point  d within  a trian^ir,  tu  the  op- 
pnsile  sidc:s;,lhe  solid  products  of  the  alternate  u-gmeii(s 
of  the  sides  arc  equal ; «u, 

AV  H BL  X CM  s:  AX  X CL  X BK. 

15.  Three  lines  drawn  from  the  three  angli-s  of  a tri* 
angle  to  bisect  the  opposite  sides,  or  to  the  middle  of  the 
opposite  sides,  do  all  intersect  oik*  another  in  the  same 
point  D,  and  that  point  is  the  centre  ot  gravity  of  the  lri« 
angle,  and  th^  distance  ad  of  that  point  from  any  angle 
as  D,  is  equal  to  double  the  distance  DL  from  the  opposite 
side;  or  one  segment  of  any  of  these  lines  is  double  the 
other  segment : moreover  the  sum  of  the  squares  of  the 
three  bisecting  lines,  is  | of  the  sum  of  the  squares  of  the 
three  sides  uf  the  triangle. — 1().  Three  perpendiculars  hi- 
aecung  the  three  sides  of  a triangle,  all  inlcrncct  in  one 
point,  autl  that  point  is  the  centre  of  the  circumsrribing 
circle.— ir.  Three  lines  bisecting  the  three  angles  of  a irb 
angle,  all  intersect  in  one  point,  and  that  ^loint  is  the  cen- 
tre of  the  inscribed  circle.— 18.  Three  perpendiculars 
draapi  from  the  three  angles  of  a triangle,  upon  the  oppo- 
site sido,  all  intersect  in  one  point.— 19.  ll  the  three  an- 
gles of  a triangle  be  UisecUd  by  the  line*  ad,  bd,  cd 
(3d  6g.  above),  and  any  one  as  bd  be  conlinued  to  the  up- 
|H>situ  side  at  o,  and  nr  be  drawn  perp.  to  tnat  side ; tin  u 
IS  Z.ADO  sz  ^COV,  or  Z.AVP  = ^CDO. 

'20.  Any  triangle  may  have  a Circle  circumocriltod  ab<int 
it,  or  touching  all  its  angles,  and  a circle  insciibi*d  ailhin 
it,  or  touching  all  its  sidc%. — The  square  of  ihr  side 
of  an  equilateral  trian^fe,  is  equal  to  3 times  the  square  of 
the  radius  of  it<«  circumscribing  circle. — 2*.  If  'he  ihrei* 
angles  of  one  triangle  be  equal  to  the  three  angles  of  an*/- 
ther  triangle,  each  to  each  ; then  tho#«*  two  triaiiglrs  an* 
similar,  and  their  likesides arc  proportional  to  one  another, 
and  the  areas  of  the  two  triangles  are  to  each  <tth«  r as  llie 
squares  of  their  like  sides. — 23.  If  two  in.sngles  have  any 
three  parts  of  the  one  (except  the  three  angles),  equal  to 
three  corresponding  parts  of  the  other,  each  to  each  ; ihoH* 
two  triangles  arc  not  only  similar,  > but  also  identical,  or 
having  all  their  six  corresponding  parts  equal,  and  their 
areas  also  equal. — 24.  Triangles  standing  on  the  same  base, 
and  between  the  same  parallels,  are  equal  ; and  lriangli*t 
on  equal  bases,  ami  having  equal  uUdudes,  arc  equals— 
85.  Triangles  on  equal  bases,  are  to  one  another  at  their 
altitudes  : and  triangles  of  equal  alrilucies,  are  to  one 
another  as  their  bases;  also  equal  triangles  have  their 
bases  and  altitudes  reciprocally  proportional. — 2fi.  Any 
triangle  is  equal  to  half  its  circumscribing  paralh  logmni, 
or  half  the  parallelogram  on  the  same  or  an  equal  base, 
and  of  the  same  or  equal  altitude. — 27.  ‘rhcrcfon*.lhc  area 
of  any  triangle  is  found,  by  multiplying  the  base  by  the 
altitude,  and  taking  half  the  product.— 28.  The  area  is 
also  found  thus:  Multiply  any  two  sides  together,  and  mul- 
tiply the  product  by  the  sine  of  their  included  ungle,  to 
radius  1,  and  divide  by  2.-29.  The  area  isniso  otherwiM 
found  thus;  when  the  three  sides  arc  given : Add  the  three 
aides  together,  and  take  half  their  sum  ; then  from  (his  half 
•am  subtract  each  side  severally,  aod  multiply  ibo  three 


reniaindert  and  the  half  sum  continually  together;  then 
the  square  root  of  the  last  pniduct  will  be  the  area  of  ihe 
triangle.— 30.  In  a right-Anglrd  triangle,  if  a perpendicu- 
lar be  let  fall  from  the  right  angle  upon  (be  hypolbenuse, 
it  Will  divide  it  into  two  other  triangles  similar  to  each 
other,  and  to  the  whole  triangle.— 31.  In  a right-angled 
triangle,  the  square  of  the  hyputln  nuse  is  equal  to  the  sum 
of  (he  squares  of  the  two  ^idi-s ; itnd,  in  general,  any  6gorr 
describetl  un  the  hypothenuse,  is  equal  (u  the  sum  of  two 
similar  figures  described  on  (he  two  sidi-s. — 32  In  an  iso- 
sceles triangle,  if  a line  be  drawn  from  (be  vertex  lu  any 
point  ill  the  base;  the  square  of  that  line  logethi  r with  (be 
rectangle  of  (be  segments  uf  the  base,  is  equal  to  the  square 
of  one  uf  ibe  equal  sides. — 33.  If  one  angle  of  u triangle 
be  (*qnal  to  120°  ; the  square  of  tbe  base  will  bt*  equal  to 
the  square's  of  both  the  sides,  togrthef  with  the  r<-ctangle 
of  those  sides;  and  if  those  sides  be  equal  to  each  other, 
then  the  square  of  ihc  base  will  beiqual  to  three  times  tbe 
sqiiitre  of  one  side,  or  equal  to  12  times  the  square  of  the 
per|)endicnlar  fn>m  the  angle  upon  the  base.— 3t-  In  the 
same  triangle,  via,  hnving  one  angle  equal  to  120°;  the 
difi'erence  of  (be  cubes  of  tlic  sides,  about  that  angle,  is 
equal  to  a solid  contained  by  the  difference  of  the  sides 
and  (he  square  of  the  base;  and  the  sum  of  the  cubes  of 
(he  sidi*s,  is  equal  to  a solid  contained  by  the  sum  of  the 
siiics  and  the  difference  between  the  square  of  tbe  base  and 
twice  the  rrciungle  of  the  sides. 

'I  heyr  an*  many  other  properties  of  triangles  to  be  found 
in  the  geometrical  writings;  indeed  Oregoiy  St.V’incent 
has  written  a tulio  volume  upon  triangles;  there  are  also 
M'Vt'ral  ill  his  quadrature  of  the  circle.  Set?  also  oilier 
pioprrtiis  under  (he  article  TuiooNoxETar,  and  under 
KlOiiT--^c/fd  Triant{fe. 

.V>/«rroa  ^/Triaxolbs.  Sec  Triooxoxetrt. 

Tki.sxgle.  in  Astronomy,  one  of  tbe  48  ancient 
con«u*llation«,  situatnl  in  the  northern  hemisphere.  There 
is  nl<io  the  stiulhern  triangle  in  the  Kiuthcrn  hemisphere, 
whirb  is  n modern  conMellaliun.  Thesiars  in  thenorlhern 
trhingir  are,  in  Hio'rmy'*  calaingue  4.  in  *lychn*s  4,  in 
lliseiius’s  12,  ond  in  (be  Briti'ih  catalogue  to.  The  stan 
in  the  southirn  tiiangle  are,  in  ^harp*s  catalogue,  5. 

Ai iiftmtticaJ  Thianolf,  a kind  of  numeral  triangle, 
or  triangle  of  numbers,  being  a table  of  certain  numt^rs 
disposetl  in  form  of  a triangle.  It  was  so  called  by  Pascal ; 
but  he  was  not  the  inventor  of  this  table,  as  some  writers 
have  imagined,  its  properties  having  been  treated  of  by 
other  authors,  some  centuries  before  him,  as  is  shown  in 
my  Mathematical  Tracts,  vol.  1,  tract  12. 

Tbe  form  of  the  triaagle  is  as  follows: 
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And  it  is  constructed  by  adding  always  the  last  two 
numbers  of  the  next  two  preceding  columns  together,  to 
give  the  m*xl  succeeding  column  of  numbers. 

Tbe  first  vertical  column  consists  of  units;  the  2d  a 
•erie^  of  the  natural  number*  1,  2,  3*  4,  5,  &C  ; tiu.'  3d  & 
scries  of  triangular  numbers  I,  3,  6,  10,  Atc;  the  4th  a 
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srrics  of  pyramidal  numbers,  &c.  The  oblique  diagonal 
row^,  descTudiiig  from  left  to  ri^iit,  are  ai^i  the  same  us 
the  vertic.ll  columns.  And  the  numbers  lakrn  on  the 
borisonial  lines  uro  the  co'cfficicnis  of  the  different  powem 
of  u binomial.  Many  other  propeitk's  and  uses  of  these 
nuu)bi‘r>  have  been  dtdivered  by  various  authors,  as  may 
be  seen  in  tbr  Introduction  to  my  Malhcinatical  Tables, 
pa.  7,  8,  73,  7(i,  77i  8*).  '2d  edition. 

After  these,  Pascal  uroic  a treatise  on  the  Arithmeti- 
cal Triangle,  ubich  is  containc^d  in  the  3ih  volume  of  bis 
vrorks,  published  at  Purls  and  the  Hague  in  1779*  3 

volumes,  8vo.  In  this  publication  is  also  n description, 
taken  from  the  IsL  volume  of  the  French  Encyclojw-die, 
art.  Aritltmetique  Machine,  of  that  admirabie  machine 
invented  by  Pascal  at  the  age  of  ip,  furnifliing  an  easy 
and  expeditious  nfeihod  of  making  ail  kinds  of  arithme- 
tical calculations  without  any  other  assistance  than  the 
eye  <^d  the  hand. 

TRIANGULAR,  relating  to  a triangle  ; as 

Tuianrvlak  Gmon,  tables  reluling  to  trigonometry ; 
as  of  sines,  tangents,  secants,  &c. 

Tiimncular  Cijnposccs,  arc  such  as  h.avc  three  legs 
or  feet,  by  uliich  any  triangle,  or  three  points,  may  be 
taken  «dF  at  once.  These  are  very  useful  m the  construc- 
tion of  maps,  globes,  &c. 

Tkiaxuvlak  iSumt/ers^  arc  a kind  of  |H)lygotial  num- 
bers; being  the  sums  of  Miithmetical  prugrcNsions,  which 
have  1 for  the  common  dilTereiice  of  tiu-ir  terms. 

Thus,  from  thc*s4*  aritbmciicaU  - I '2  d 4 3 6, 
are  formed  the  tnang.  numb.  - 1 3 6 10  13  21, 

or  the  3d  column  of  the  arttbmctical  triangle  above  men- 
tioned. 

Because  the  sum  of  n terms  of  such  arithmetical  pro- 
gression is  expressed  by  ; wc  shall  evidently  have 

the  same  formula  to  express  generally  the  triangular  num- 
bers ; or  the  triangle,  which  answers  to  any  side  repre- 
aented  by  ». 

Thus,  if  n = (J,  the  sixth  iiiangular  number  taken  in 
order  will  be  - ^ ■ = 21.  And  if  n = 15,  the  triangle 


is  11: 11  = 120. 

a 

The  sum  of  any  number  n of  the  terms  of  the  triangular 
numbers,  1,  3,  0,  10,  Cec,  is  =, 

«•  n*  n n n I n + -1 

<v  a • 3*  I t 3 ' 

which  is  also  equal  to  the  number  of  shut  in  a triangular 
pile  of  balls,  the  utiiiiiicrof  rows,  or  the  number  in  each 
side  of  the  base,  being  n. 

The  sum  of  the  neipmeaU  of  the  triangular  series, 
intinitely  continued,  is  equal  to  2;  via, 


1 + i 


. 6cc  = 2. 


For  the  rationale  and  mnnagem<nt  of  these  numbers, 
see  Malcolm's  Anih.  book  5,  ch.  2;  and  Simpson's  Algeb. 
sec.  13. 

' TRiAMCiaAU  Sufidrant,  is  a sector  furnished  with  a 
loose  piece,  by  which  it  forms  an  equilanml  'triangle. 
Upon  it  is  graduated  and  marked  the  calendar,  with  the 
sun’s  place,  an<l  other  ustful  lines;  and  by  the  help  of  a 
string  and  a plummet,  with  the  divisions  graduated  on  the 
loose  piece,  it  mny  bo  made  to  serve  for  a quadrant. 

TRIBOMLTKR,  in  Mechanics,  a term  applied  by 
Musschenbnick  loan  instrument  invented  by  him  for  mea- 
•uriugthc  friction  of  metals.  It  consists  of  an  axis  formed 


of  hard  steel,  passing  through  acylindrical  piece  of  wood: 
the  ends  of  the  axis,  which  arc  highly  pulishrd,  are  made 
to  rest  rtn  the  polished  semicircular  cheeks  of  various  me- 
tals, and  (he  degree  of  friction  is  estimated  by  means  of 
a weight  suspenderl  by  a fine  silken  siring  or  ribband  over 
the  wooden  cylinder.  For  a farther  description  and  the 
figua*  of  this  instrument,  w itfi  the  results  ol  various  expe- 
riments performed  with  it,  sec  Mussclienb.  Imtod.  ad 
Phil.  Nat.  vol.  J,  p.  131. 

TKIUFNT,  is  a particular  kind  of  parabola,  used  by 
Descartes  in  constructing  equations  of  b dimensions.  Svo 
the  article  Carlcuan  PAHAnui.A. 

TRIGLYPH,  in  Archileclurr,  is  a member  of  the 
Doric  friXe,  placed  directly  over  each  column,  and  at 
equal  diataners  in  the  interculumnation,  having  two  en- 
tire glyphs  or  channels  engraven  in  it,  meeting  in  an  angle, 
and  scpirated  by  tlm-e  legs  from  the  two  demi-channeU  of 
the  sides. 

TUIG()N,  a figure  of  three  angles,  or  a triangle. 

Trigox,  in  Astrnn<*my,  denotes  an  aspect  ot  two  pla- 
nets when  they  are  120  degrees  distant  trom  each  other ; 
railed  also  a trine,  being  the  3d  part. of  36*0  degrees. 

Tfucox,  in  Dialling,  an  instrument  of  a triangular 
form.  . , 

Thiook,  in  Music,  denoted  a musical  instrument,  used 
among  the  ancients.  It  was  a kind  of  triangular  lyre,  or 
harp,  invented  by  Ibyrus;  and  whs  used  at  feasts,  being 
played  on  by  women,  who  struck  it  either  with  a quljltor 
beat  it  with  small  rods  of  difiertmt  lengths  and  weights,  to 
occasion  a diversity  in  the  sounds. 

TRIGONAI.  Sumhers.  See  Triangular  Sumbfrs, 

TIUGONOMKTHR,  JrmiUary.  See  Armillart 
Tyiiionomeier. 

TRICiONOMirrUY,  the  art  of  measuring  the  side! 
and  angles  of  triangles,  either  plane  or  spherical;  whence 
it  is  accordingly  called  either  plane  trigouometry,orsphc- 
rical  trigonometry. 

Kvery  triangle  has  (J  parts,  viz,  3 sides,  and  3 angles  ; 
and  it  is  necessary  that  three  of  these  |>arf$  be  given,  to 
find  the  other  three.  In  spherical  trigonometry,  the  three 
parts  that  are  given,  may  be  of  any  kin.i,  cither  all  sides, 
or  all  angles,  or  part  the  one  and  part  the  other.  But 
in  plane  trigonometry,  it  is  ni'cessary  that  one  of  the 
three  parts  at  least  be  a side,  since  from  three  angles  can 
only  be  found  the  proportions  of  the  sides,*  but  not  (be 
real  quai}lilii*s  of  them. 

Trigonometry  is  an  art  of  the  gn^test  use  in  the  mathe- 
matical sciences,  especially  in  aslrt  nomy,  navigation,  sur- 
veying, dialling,  geograpliy,  A'C,  A'C.  By  the  aid  of*  it, 
we  can  determine  the  magnitude  of  the  earth,  the  planets 
and  Stan,  their  distances,  motions,  eclipses,  and  almost 
all  other  useful  arts  and  sciences.  Accordingly  we  finii 
this  art  has  been  cultivated  irom  the  earliest  ages  of  ma- 
thematical knowledge. 

I'rigonomelry,  or  the  resolution  of  triangles,  is  founded 
on  the  mutual  proporlioni  which  subsist  b.'t«ern  the  sides 
and  angles  of  triangles;  which  proportions  are  known  by 
finding  the  relations  bc-tw'een  the  radius  of  a circle  und 
ci'rluin  other  lines  drawn  in  and  about  the  same,  called 
chords,  sines,  tangents,  and  sreants.  The  ancients  Mi*- 
nelaus,  Hipparchus,  I’tuU-my,  &c,  performed  thetr  tri- 
gonometry, by  means  of  the  chords.  As  to  the  sines,  and 
the  common  tbcort'ms  relating  to  ibcm,  they  were  intro- 
duced into  trigonometry  by  the  Moors  or  Arabians,  from 
whom  this  art  passed  ifito  Europe,  with  several  other 
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branchi's  of  science.  The  Europeam  have  introduced, 
since  the  15th  century,  the  tangents  and  secants,  with  the* 
(iieorcmi  relating  to  them.  See  the  history  and  improve- 
ments at  Urge,  m the  Introduction  to  my  Mathematical 
Tables. 

The  proportion  of  the  sines,  tangentv,  5tc,  to  their  ra- 
dius, is  stHneliraes  exprt'sxcd  in  cumiuun  or  natural  num- 
bers, which  comlitotc  w hat  arc  cabled  the  tables  of  na- 
tural sines,  tangents,  and  secants.  Sometimes  it  is  ex- 
pn^ed  in  logarithms,*^  being  ihc  logarithms  of  (he  said 
natural  sines,  tangents,  5ec  ; and  these  constitute  the  table 
of  artificial  »nes,  5cc.  Lastly,  sometimes  the  proportion 
is  not  expressed  in  numbers;  but  ibc  several  sines,  tan- 
gents, ^c,  arc  actually  laid  down  upon  hifPs  of  scales; 
whence  the  line  of  sines,  of  tangents,  dec.  See  Scale. 

In  trigonometry,  as  angles  are  measured  by  arcs  of  a 
circle  dfscribed  about  the  angular  point,  so  (he  whole 
circumference  of  the  circle  » divided  into  a great  number 
of  purts,  as.')6o  degret*s,  and  each  degree  into  6'0  minutes, 
and  eaclr  minute  into  OO  seconds,  ice;  then  any  angle  is 
said  toeronsist  of  so  many  degrees,  minutes,  and  seconds, 
as  are  contained  in  the  arc  that  measures  the  angle,  or 
that  is  intercepted  bt'twecn  the  legs  or  sides  of  the  angle. 

Now  the  sine,  tangent,  and  secant,  &c,  of  every  degree 
and  minute,  &c,  of  a quadrant,  are  calculated  to  the  ra- 
dius I,  ami  ranged  in  tables  for  use;  as  also  the  loga- 
rithms of  the  same;  forming  the  triangular  cunon.  And 
then’  numbers,  so  arrangeil  in  tables,  form  every  species 
of  right  angled  triangl<*s,  so  that  m>  such  triangle  can  be 
propoM-d,  but  one  similar  to  It  may  be  there  found,  by 
compaii-MM*  with  which,  tht‘  proposed  one  may  be  com- 
puted bynnatosy  or  proportion. 

As  to  the  scales  of  chords,  sines,  tangents,  usually 
placivl  on  iiiotrutocnts,  (he  method  ul  constructing  them 
M exliibilixi  Ml  the  scheme  annexed  t<»  the  article  ^aLB; 
which,  huviiig  the  names  added  to  each,  needs  no  farther 
explanation. 

There  are  usually  three  laclhods  of  resolving  triangU's, 
or  the  cases  of  trigonometry;  viz,  geometrical  construc- 
tion, arithrocrical  compntation,  ami  instrumental  op«  ra^ 
lion.  In  the  1st  method,  the  triangle  is  constructed  by 
drawing  and  laying  down  the  several  parts  of  (heir  magni- 
tudes given,  viz,  the  sides  from  a sc.de  of  e<|ual  parts,  and 
the  angles  from  a scale  of  chords,  or  other  instrument; 
then  tiic  unknown  parts  are  measured  by  the  same  scales, 
and  so  they  become  known.* 

In  the  '2d  method,  having  staud  the  terms  of  (he  pro- 
portion acconling  to  rule,  which  terms  coti'^rit  partly  of 
the  numbers  of  the  given  sidv*<,  and  partly  of  the  sines,  &:c, 
of  angles  taken  fnon  the  tables,  the  proportion  is  then 
resolved  like  all  other  proportions,  in  winch  a 4(h  term  is 
to  be  found  from  three  given  terms,  by  multiplying  the  2d 
and  3d  together,  and  dividing  the  prtalucl  by  the  hrst. 
Or,  in  working  with  the  logiirithms,  a«lding  the  log.  of  the 
2d  and  Jd  terms  together,  and  from  the  sum  subtracting 
the  log.  of  the  1st  term,  then  the  number  answering  to  the 
remainder  is  tlie  4<h  term  sought. 

To  work  a case  invtrumentally,  as  suppose  hy  the  log. 
)iiK*s  on  one  side  of  the  twu-foot  scales:  Extend  the  com- 
passes from  the  1st  term  to  the  2d,  or  3d,  which  happens 
to  be  of  the  same  kind  with  it ; iheii  that  extent  will  reach 
from  the  other  term  to  the  4(h.  In  this  ojieration,  for  the 
sides  of  triangles,  is  used  (he  line  of  immWrs  (marked 
Nuiu.};  ami  for  the  angles,  the  Line  of  sines  or  tangents 


(marked  sin.  and  tan.)  according  ,as  the  proportion  re- 
spects sines  or  tangents. 

In  every  c.ise  of  triangles,  as  has  been  hinted  before, 
there  must  be  given  three  parts,  one  at  least  of  which  must 
be  a side.  And  then  (he  different  circumstances,  as  to  the 
thr*^  parts  that  may  be  given,  admit  of  three  cases  or  va- 
rieties only ; viz, 

1st.  When  two  of  the  three  parts  given,  arc  a side  and 
its  opposite  angle. — 2ii,  When  there  are  given  two  aides 
and  their  contaimd  angle. — 3d,  And  thirdly,  when  the 
three  sides  are  given. 

To  each  of  these  cases  there  iv  a particular  rule,  or  pro- 
portion, adapteil,  for  resolving  it  b\. 

1st.  Tke  ku/e/or  the  1«  Ca*e,  or  that  in  which,  of  the 
three  parts  (but  arc  given,  nn  angle  and  its  opposite  side 
arc  twc>  of  them,  is  this,  viz,  That  the  sides  arc  propor- 
tional to  the  sines  of  their  opposite  angles. 

That  is,  ♦ 

At  one  side  given  i ; 

To  (he  sine  of  its  opfiosile  angle  : ; 

So  is  another  side  given  : 

To  the  sine  of  its  opposite  angle. 

Or,  As  the  sine  of  an  angle  given  : 

To  iti  opposite  side  : : 

So  is  the  sine  of  another  angle  given  : 

To  its  opposite  side. 

So  that,  to  find  an  angle,  we  must  begin  the  proportion 
with  a given  side  that  is  opposite  to  a given  angle;  and  to 
find  a side,  we  must  begin  with  an  angle  opposite  to  a given 
side.  * 

Note.  An  angle  found  by  this  rule  is  ambiguous,  or  un- 
ccrlain  whether  it  be  acute  or  obtuse,  unloso  it  be  a rigbC 
angle,  or  unless  its  magnitude  be  such  as  to  prevent  the 
an^iguity  f bi'cause  the  sine  answers  to  two  angU*s,  which 
arc  supplements  to  each  other;  and  accordingly  the  geo- 
metrical construction  forms  two  triangU*s  with  the  same 
parts  that  arc  given,  us  in  the  example  brlow;  and  when 
there  is  no  restriction  or  limitation  included  in  the  ques- 
tion, either  of  them  may  be  taken,  'i  hc  degrees  in  tliu 
table,  answering  to  the  sine  is  the  acute  angle  ; but  If  an 
angle  be  obtuse,  subtract  those  degrees  from  180*^,  and  the 
remainder  will  be  the  obtuse  angle.  When  a given  angle 
is  obtuse  or  a right  one,  there  can  be  no  ambiguity ; lor 
ihrn  m-illuT  of  the  other  angles  can  be  obtuse,  and  the 
gi'oinetrical  construction  will  fbrm  but  one  triangle,. 

Ex.  Suppose  in  the 
plane  triangle  a ac,  (here 
be  given 

A B =s  345  yards 
BC  = 232  vards 
^A  = 37®  W . 
to  find  the  other  side 
and  the  angles. 

1,  Geometrically,  l*y  Gynst  ruction. 

DrAw  an  indefinite  line,  upon  which  set  off  ab  = 343, 
from  some  convenient  scale  of  equal  parts.— -Makethe  an- 
gle A •=  37®  26.'— With  a radius  of  232,  taken  from  the 
same  scale  of  equal  parts,  and  centre  b,  cross  ac  in  the 
two  points  c,  c.  Lastly,  join  »c,  BC,  and  the  figure  is  con- 
strncted,  w hich  gives  two  triangles,  and  showing  that  the 
cas<‘  is  ambiguous. 

'Fhcn  the  sides  AC  measured  by  the  scale  of  equal  parts, 
ami  the  angles  b and  c mt‘asurrd  by  the  line  of  Chords,  or 
other  instrument,  will  be  found  to  be  nearly  as  follow;  vix„ 
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AC  174  Z.C1I54 

or  374J  or  7St*  or  04^, 

2.  ArfthmeticaUyt  Tahtes  qf  tA*gt. 
Firjl,  lu  find  the  atiglra  ai  C. 

AaaidcBc23'2  ■ * '"g- 2 ' 

To  atn.  op.  L.  A 37°  2(y  “ 9'3 

So  aide  ad  345  - ‘ 2'. 

To  sin.  op.  iic  115°  36’  or  64’  2V  - <Pi 
add  A 37  20  37  20 

the  sum  152  56  101  4+ 

taken  from  180  00  180  00 

leaves  .d.B  27  04  or  78  l6. 

Then,  to  find  the  side  AC. 

As  sin  AA  37’ TO*  - log.  9" 

To  Dp.  side  DC  232  - - 2- 

So  am  ad  ,g  . g. 

Toop.sidc  AC  174*07  - - 2* 

or,  374*56  - - 2* 


log.  2 3654880 
9*7827  H58 
2-5378191 
- 9-J1551*269 


log.  9*7827958 
2 365+8W 
9-658037 1 
9*9908291 
2**407293 
2*573,5213, 


[ 538  ] ’ T H I 

So  sin  AC  = 98°3',or81°57’  - 9*9956993 

. To  tide  AB  n 36‘5  - . • ^°j6?3bS5 

3.  /A«<ruM^a//ys^  Extend  the  compa^M's  fnun  464  to 
155^  upon  the  line  of  lumibcrs;  then  tlivt  extent  will 
rrttcb,  upon  the  line  of  tAii^ent-,  from  41“  to  I6J®.  'nirn, 
in  the  ^d  proportion,  extend  the  i’ompHMe*  frf»m  ?4|'*  to 
on  the  sines;  ami  that  extent  will  reach,  upon  the 
oumben,  from  134}  to  365,  which  is  the  third  sidca 
“ 3d  Cuse,  is  when  the  three  sides  arc  givmi,  to  find  the 

three  angles;  and  the  melhud  of  resolving  (his  caw  is,  to 
let  a perpendicular  fall  from  the  greatest  angle,  upon  the 
opposite  side  or  base,  dividing  it  into  two  segments,  and 
the  whole  triangle  into  two  nght*anglcd  triangles:  then  it 
will  be. 

As  the  base,  or  sum  of  the  two  segments  : 

Js  to  the  sum  of  tlie  other  two  sides  : : 

,Q.  So  is  the  dirtcrence  of  those  sides  : 

U3  difference  of  the  si’graents  of  the  base. 

Then  half  this  difference  of  the  two  segments  added  to 


3.  Iiutrummially,  fy  Guilder  a Lines. 

In  the  6rst  proportion.— Exieiid  the  compasses  from  ^ ^ 

}32  to  345  upon  the  line  of  numbers;  then  that  extent  besides  the  rightangle,  toffnd  iho  otberangUa  by 

will  reach,  in  the  sines,  from  37*7**  the  angle  c.  jjjg 

In  thcsccond  proportion.— Extend  the  compasses  from  triangle  abc,  suppose  there  are  given  the 

37*0  to  27®  or  TS}"*,  on  the  sines;  then  that  exlent^will  three  sidi's,  to  find  the  three  angles,  via, 

reach,  on  the  line  of  mirabers,  from  232  to  l7'4or  3/4y ; AB  s:  365'  V. 

ibe  two  values  of  the  side  AC.  , , AC  = 154*33 


the  half  sum,  or  half  the  base,  gives  the  greater  segment, 
and  subtracted,  gives  (lie  less.  Hence,  in  each  of  the  two 
right-angled  triangles,  there  arc  given  the  hypotbenusc,and 


«</  Gise,  when  thiTC  arc  given  two  sides  and  their  con- 
taineil  angle,  to  find  the  rest,  the  rule  is  this : 

As  the  sum  of  the  two  given  sides  : 

Is  to  the  difference  of  those  sides  : : 

So  is  the  tang,  of  half  the  sum  of  the  two  opposite 
angles,  or  cotangent  of  half  the  given  angle : 

To  ung.  of  half  the  diff.  of  those  angles.  “ 

Then  the  half  diff.  added  to  the  half  sum,  gives  the 
greater  of  the  two  unknown  angles ; and  subtracted,  leaves 
the  less  of  ihcAame  two  angles,  . . 


£x.  In  the  triangle  abc,  suppose  there  are  given  the 
three  sidi's,  to  find  the  three  angles,  vii, 

AB  ss  365  V 

AC  = 154*33  / 

BC  = 30i)-80  / 

to  find  the  angles.  A ^ 

1.  GeometricttHy. — Draw  the  base  * 

AB  =s  365':  with  the  radius  154]  and  centre  a describe 
an  arc;  and  with  the  raiiius  310  and  centre  B describe 
another  arc,  cutting  the  former  in  c ; then  join  sc,  and  bc, 
and  the  triangle  is  constructed.  And  by  measuring  the 
angles,  they  are  found,  vis, 

Z.A  as  57 ; /.B  = = 98®  nearly. 

2.  Arithmeiicaliy. — Having  let  fall  the  peqienilicuIarCP, 


Hence,  the  angles  being  now  all  known,  the  remaining  ijiyiding  the  base  into  the  two  segments  ap,  pb,  and  the 


3d  side  will  bc  found  by  the  former  case. 

Note.  When  the  triangle  is  isosceles,  the  angles  at  the 
base  are  each  equal  to  half  Uic  •supplement  of  the  given 
angle,  or  that  at  the  vcrte.\ ; whence  the  third  side  may  bc 
found  directly  by  the  former  case. 

Ex.  Suppose,  in  the  triangle  abc,  there  be  given 
ac  s 154*33  ^ 

BC  = 309*96  ^ 

^.c  = 98°  3' 

to  find  the  other  side  and  ^ X 

the  angles.  • 

1.  GcomctricaUy, — Draw  two  indefinite  lines  niaking 
the  angle  c = 98°  3*:  upon  these  lines  set  off  ca  sc  154], 
and  CB  s 310  : Join  tlie  points  a and  b,  and  the  figure  is 
constructed.  Then,  by  rocHSurement,  as  before,  we  find 
(he  ^A  = 57J  ; i- » 24^  » and  side  a»  s=  365. 

2.  By  Lof^ariiftmi, 


given  triangle  abc  into  the  two  right-angled  triangles  acp, 
BCF.  Tlien 


. Tlien 

As  AB  « 365 

. log.  2*562«929 

ToCB  -►  CA  ='464*19 

2'6666948 

So  CB  — CA  = 155*53 

2-I9I8U2 

To  BP  — PA  = 

2*2962171 

its  half  = 98*90 

*ab  =s  182*50 

sum  BP  = 281*40 

diff.  A p = 83*60. 

As  CB  4-  CA  = 4<»4*I9 

To  CB  — CA  = 155*53 

So  tan.  4®  ==  ^ 

To  tan  |a  — }b  = I6  134 
sum  gives  4 a 57 
diff.  gives  4 B 24  45 
Then,  As  sin.  ^ £4®  45' 
To  side  ac  s 154  33 


log.  2*6666958 
2-1918142 
. 9’93S78n3 

9*4638987 


log.  P62K6I2 
2'lo:^4504 


Then,  in  the  triangle  a pc,  right-angled  at  r. 

As  AC  =-  154  33  - log.  2*1884504 

Tosin.  Z.P  =90®  - - 10*0000000 

Soap  =83-6  - - 1 -922206s 

Toho.Z.acp=  32«  48’  - 9733/559 

itscomp.  Z.A  ss  57  12. 

And  in  the  triangle  bcp,  right-angled  at  p. 


As  BC  = 309*86 

To  sin.  iLp=s90® 

So  bp  = 281*4 

To  sin.  Z.  BCP  = 65“  15' 
itscomp.  Z.D  =s  24  45 
Alsoto  Z.ACP  32  48 
add  Z.BCP  = 65  15 
makes  Z.  acb  = 93  3 


- log.  2.491 1^55 
lOOOOOOOO 
- 2*4493241 

9^9531586 
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3.  Imtrumentally^ — In  the  1st  proportion,  Extend  the 
compasses  from  3<)5  to  464  on  the  line  of  numbers,  and 
that  extent  will  reach,  on  tlic  same  line,  from  1554 
15^7’fi  rienriy.— In  the  2d  proportion,  Extend  the  cam- 
passivn  Irom  I54y  to  83*t>  on  the  line  of  numbers,  an«i  (hat 
cxtcntwill  reach,  on  the  sines,  from  90"  to  32J®  nearly. 
—In  the  3d  proportion,  Extend  the  compasses  from  310 
to2Sli  on  the  line  of  numbers;  then  that  extern  will 
reach,  on  the  sines,  from  90"  to  65|". 

Another  method  of  resolving  ibis  case,  and  that  atone 
operation,  is  as  follows: 

1.  Add  toother  the  logdrithin  of  half  the  sum  of  the 
three  given  sidi**  and  the  logarithm  of  the  difference  be- 
tween this  half  sum  and  tbqside  opposite  thcangle  sought, 
ami  find  the  complement  of  their  snm.  2.  Then,  to  this 
complement,  increased  by  10  in  the  index,  add  the  loga- 
rithms of  the  differences  In-tween  the  said  half  sum  and 
each  of  the  other  two  sides,  and  the  result,  divided  by  2, 
Will  give  the  tangent  of  half  the  required  angle. 

Thus,  resuming  the  same  example,  to  find  the  angle  a' 
the  work  will  be  us  under: 

a B = .W'OO 

AC  = l.H-33 

Bc  = 309*86  side  op.  required  4a« 

Sum  62919 

4 sura  414-595  ■ log.  2*6l762ll 


ABC.  Then,  by  measuring,  there  will  be  found  ac  = 
270,  and  BC  s 216.  * 

2.  ArithmeticaUjf. 

As  radius  =10  - be.  I0*(XHXK)O0 


To  AB  / =162 

So  Un.  4A  = 33"  7'  48" 
To  ve  =210 
So  sec.  4 A = 53"  7'  48" 
To  AC  = 270 


log.  I0*(XHXK)O0 
- 2-2095130 

10*1249372 

2*33+4522 

10*2218477 

2.4313627 


104*73 

sum 


202007 1 1 
4 6376952 
log.  complcra.  of  do.  6*3023048 

Bdd  - - - 100000000 

Differences  between  ( 

the  4 sum  of  Sides.)  r6p34379 

and  AB,AC.  |200  205  2 4I54I58 

sum  of  these  - 19  4731385 

tan.  4 4 A = 28"  SG**  \ turn  9 7365792 
2 

^A  = 57  12  the  same  as  before. 

The  bregoing  three  cases  include  all  the  varieties  of 
plane  triangles  that  can  liap|Kn,  both  of  right  and  oblique- 
angled  triangles.  But  beside  these,  there  are  some  other 
theorems  that  arc  useful  upon  many  occasions,  or  suited 
to  some  particular  forms  of  triangles,  which  are  often 
more  expeditious  In  use  than  the  fun'gojng  general  ones; 
one  of  which,  for  right-angled  triangles,  as  the  case  for 
which  it  serves  so  often  occurs,  may  be  here  inserted,  and 
is  as  follows : 

Cast  4.  When,  in  a right-angled  triangle,  there  are  given 
the  angles  and  one  leg,  to  find  the  other  leg,  or  the  hypo- 
thenuse.  Then  it  will  be, 

As  radius  • ^ 

To  given  leg  AB  ::  y' 

So  ung.  adjacent  4 a : / 

To  theopp.  leg  BC,and  / 

So  sec.  of  same  4 a : / 

To  hypol.  AC,  / 

Er.  Ill  ihc  iriangle  .*c,  righmngled  jf- ^ 

Givin  the  leg  ae  = 1621 
•nd  the  4 * = 53°  7'  +8"  i to  find  bc  and  AC. 
conw((.  = 36  52  12  J 

I.  «<-0iwfriM%.— Draw  the  leg  ab  a l62:  Erect  the 
indefinite  pi  rpiiidiculEr  ac  : MaLc  the  angle  a = S3f“^ 
and  the  side  ac  will  cut  *c  in  c,  and  form  the  trianele 
Voi.  11.  ^ 


3.  InttrumaUally. — Extend  the  compasse,  from  45®  at 
the  end  of  the  tangents  (ihc  radius)  to  the  tangent  of  50J® ; 
then  that  extent  will  reach,  on  the  line  of  numbers,  from 
2l6,  for  BC.  Again,  extend  Ihc  compasses  front 
36"  52'  to  90  on  the  sines;  then  that  extent  will  reach,  on 
the  line  of  numbers,  from  162  to  27o  for  ac. 

Ao/e,  Another  method,  by  iqaking  every  side  radius, 
often  added  by  the  authors  on  trigo-  i; 

nometry,  which  is  thus:  The  given  / *• 

right-angled  triangle  being  abc,  /. 

make  first  the  hypothemise  AC  ra-  %■, 

dius,  that  is,  with  the  cxleni  of  ac  - . 

as  a radius,  and  each  of  the  centres  j 

A and  c,  describe  arcs  CD  and  ae  ; 6 

then  it  is  evident  that  each  leg  will  

represent  the  sine  of  its  npposi’ic  angle,  viz,  the  leg  bc  the 
sine  of  the  arc  cd  or  of  tbe  angle  a,  and  the  leg  a 8 tlit 
sine  of  the  arc  a p.  or  of  the  angle  c.  Again,  making  either 
leg  radius,  the  other  leg  will  represent  the  tangent  of  its 
opposite  angle,  and  the  hypothenusc  the  secant  of  the  same 
angle;  tlius,  with  radius  ab  and  centre  a describing  the 
arc  BP,  BC  represt'nis  the  taugem  of  that  arc,  or  of  the  an- 
gle A,  and  the  hypothenuse  ac  the  secant  of  the  same;  or 
with  the  radius  bc  and  centre  c describing  the  arc  no,  the 
other  leg  ab  is  the  tangimi  of  that  arc  no,  or  of  the  angle 
C,  and  the  hy|K>lhcnuM*  ca  the  secant  of  ibc  same.  * 

And  then  the  general  rule  for  all  these  cases  is  this,  viz, 
that  the  sides  bear  to  eacli  ojber  the  same  proportions  as 
the  parts  or  things  which  they  represent.  And  {his  is 
called  making  every  side  radiu». 

For  Plane  I’rigonomf  try  considereJ  analytically,  see 
my  Course  of  Mathematics,  vol.  3,  chap.  3. 

•SjpAer/ca/ Tricosom ETHY,  is  the  resolution  and  c.tl- 
culation  of  the  sides  and  angles  of  spherical  trianghs, 
which  ajc  made  by  three  intersecting  arcs  qf  great  circles 
on  a sphere.  Here,  any  fhri'c  of  the  six  parts  Iwing  given, 
even  the  three  angl«  s,  the  rest  can  be  found  ; and  the  sidi  s 
are  measured  or  estimated  by  degrees,  mimiies,  and  se- 
conds as  well  as  the  angles. 

Spherical  Trigonometry  is  divided  into  right-angled  and 
oblique-angled,  or  the  n'solution  of  right  and  t)l>lique- 
anglcd  spherical*  triangles.  When  the  sphencal  triangle 
has  a right  angle,  it  is  called  a right-angled  triangle,  as 
well  as  in  plane  triangles;  and  when  a triangle  has  one  of 
its  sides  equal  to  a quadrant  of  a circle,  it  is  called  a qua- 
dranlal  triangle. 

For  the  resolution  of  spherical  triangles,  there  are  va- 
rious thi'oremsand  propoitions,  which  ate  similar  to  ihove 
10  plane  trigonometry,  by  substituting  the  sim-s  of  vidcs  in- 
stead of  the  sides  themselves,  when  the  propprtion  respec  ts 
sines ; or  tangents  of  the  sides  for  the  >idi*s,  when  the  pro- 
portion n*spects  tangents,  t^c;  some  of  the  princip.il  of 
which  theorems  nre  as  follow  : 

Thew,  I . In  any  Rpherical  triangle,  the  sin«'S  of  the  sides 
are  proportional  lo  the  sines  of  their  opf>ostic  aiiyles 
3 Z 
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TUeoi\‘l,  In  ftfiy  ri^ltt'flngicti  triangle, 

As  i^rlius  • 

To  sine  of  one  side  : : 

So  tang,  of  the  atijacent  angle  : 

To  tang,  of  the  opposite  side. 

T^cor.  3.  If  a perpendicular  be  let  fall  from  any  angle, 
upon  the  base  or  opposite  side  of  a spherical  triangle  ; it 
itill  be> 

the  sine  of  the  sum  of  the  two  sides  : 

To  the  sine  of  their  difference  : : 

So  coian.  | sum  angles  at  the  vertex  ; 

To  tang,  of  half  their  difference. 

Th(or.  4. 

As  tang,  half  sum  of  the  sides  ; 

To  tung.  half  their  tliffereuce  : • 

So  tang.  4 sum  Z.s  at  the  base  : 

To  tang,  half  tlleir  difference, 

TArtir,  5. 

As  cotan.  | sum  of  Z.s  at  the  ba«e  : 

To  tang,  half  their  difference  . 

So  tang.  4 sum  of  Z.s  at  the  vertex  : 

To  tang  half  their  ilitTercnce. 

Thcor.  6, 

As  tang.  4 sum  segments  of  base  : 

To  tang,  half  sum  of  the  sides  : : 

5o  tang,  half  dtficrenicc  of  the  sides  : 

To  tang.  4 diff^>  segments  of  base. 

TArtw.  7. 

As  sin.  sum  of  ^s  at  the  base  : 

To  sine  of  their  difference  : : 

2S>o  tang.  4 sum  sigracnis  of  base  : 

To  tang,  of  half  ibcir  difference. 

Thcor t 8. 

As  sin.  sum  of  segments  of  base  : 

To  sine  of  their  difference  ! : 

So  sin.  sum  of  angles  at  the  vertex  : * 

To  sine  of  their  difference. 

Thtor.  9. 

As  sine  of  the  base  : 

I’o  sine  of  the  vertical  angle  : : . 

80  sill,  of  diff.  segments  of  the  base  • 

To  sin.  dilf.  ^s  at  vertex,  when  the  perp.  falls  , 
within  • : 

Or  so  sin.  sum  segments  of  base  : 

To  sin.  sum  vertical  ^s,  where  the  perp.  falls 
without. 

Theor,  10. 

As  cusin«  half  sum  of  the  two  sides  : 

To  cosine  of  half  their  difference  : : 

80  cotang,  of  half  the  included  angle  : 

To  tong,  half  sum  of  opposite  angles. 

7%eor.  1 1 . 

As  sin.  of  half  sum  of  two  sides  : 

To  sine  of  half  their  diffenmec  : ; 

So  coiang.  half  the  included  angle  : 

To  tang.  4 diff.  of  the  oppos.  angles. 

TAeor,  J9. 

As  cosin.  half  sum  of  two  angles  : 

To  cosine  of  half  their  difference  * : 

So  tang,  of  half  the  included  sides  i 

To  taug.  ^ sum  of  ibe  opposite  sides. 


TAeor.13. 

As  sin.  half  sum  of  two  angles  : . 

To  sine  of  half  their  difference  : : 

So  tang,  ball  the  included  side  : 

To  tang,  f diff.  of  the  opposite  sides. 

Thfor.  14.  In  a right-angled  spherical  triangle. 

As  sin.  sum  of  hyput.  and  one  side  : 

To  sin.  of  their  difference  ; : 

8p  radius  squared 

To  square  of  tang.  \ contained  angle. 

Thcor,  15.  in  any  spherical  triangle. 

The  product  of  the  sines  of  two  sides  and  of  the  cosine  of 
the  included  angle,  added  to  the  product  of  the  cosines  of 
those  sides,  is  e<{ual  to  the  ^sinc  of  the  third  side;  the 
radius  being  1. 

Theor,  If).  In  any  spherical  triangle, 

The  product  of  the  Sim'S  of  two  angles  and  of  the  cosine 
of  the  included  side,  minus  the  product  of  the  cosine*  of- 
Uiusc  angles,  is  equal  to  the  cosine  ol  the  third  angle ; the 
radius  being  I. 

Uy  vime  or  other  of  these  theorems  may  all  the  cases 
of  spherical  triangles  be  resolved,  both  right-angled  and 
oblique : vix,  the  cases  of  right-angled  Iriuitgles  by  djc 
1st  nnd  2d  theorems,  and  the  oblique  triangles  by  some 
of  the  other  theorems. 

In  treatises  on  trigonomi-try  arc  to  be  found  many  other 
theorems,  as  well  as  synopsi  or  tables  of  all  the  cases, 
with  the  theorem  that  is  peculiar  or  proper  to  each.  See 
the  Introduction  to  my  Mathematical  Tulles,  pa.  1 56  &c ; 
or  Robertvm's  Navigation,  vol.  1,  pa.  162.  also  Nai> 
picr^s  Catholic  or  Univeiaal  Rule  in  this  Dictionary. 

To  (he  foregoing  theorems  moy  be  added  the  iollowing 
synopsis  of  ruhs  for  resolving  all  the  cau^s  of  plane  and 
spherical  triangles,  under  the  title  of 

THgonomctrical  Rules, 

].  In  a right-lined  triangle,  whose  sides  are  a,  b,  c,  and 
their  opposite  angles  o,  A,  c;  having  given  any  ibrcc  of 
these,  of  which  one  is  a side;  to  find  the  rest. 


3_ 

Put  s for  the  sine,  s'  the  cosine,  t the  tangent,  and  t*  (ha 
cotangent  of  an  arch  or  angle,  to  the  radius  r;  also  L for 
a logarithm,  and  l'  its  arithmetical  complement.  Then 
Case  1 When  three  sides  a,  b,  c,  are  given. 

Pul  p = 4(a  b 4-  c)  or  semipenmeter. 

rru  I y"^  - A>  a (r  - a) 

Then  s.  Ic  ■ 

* - A V ■ 


And  s'.  4c  = rv^-  ■* -- — 

* A X a 

L.  S.  ■*^c  =5  4 (u  (p  — a)  -h  L.  (p  - b)  -I-  l'a  4 l'i), 
L.'|.  |C  = 4 (*“  P 4 L.  (p  — c)  4 jJa  4 l'b). 

NoUt  When  a :=  a,  then 

s.  And  s*  fc  ^ 

Case  2.  Given  two  sides  a,  B,  and  their  included  angle  c. 
Put  8 sai  00®  — 4c,  and  t.  d = ^ “ * (•  » » then 

a = s 4 d;  and  5 = s — d.  And  c = ^ 


4 (a  - »)•). 

Or  in  logarithms,  puttiog  l.  o = 2 l.  (4  b)>  and 
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t,  R z:  t-  2a  4-  L.  2b  4-  2l.  s.  i«  — 20,  we  ihall  hare 
L.  c = 4 L.  (q  4 k). 

If  the  angle  c be  right,  or  = 90“ ; then 

4 , B 

at.  a = — r;  t.  6 =s  — r; 

B A 

c = or  = ~a,  or  =v'(a‘  4-  s’). 

If  A = R ; we  ihall  have  1 „ _ • ■ Jr  _ ,, 
a 6 = 90°  — fc,  and  I r 

Case  3.  When  a side  and  its  opposite  angle  arc  among 
the  terms  given ; then^ 

— = ^ from  which  equations  any  term 

wanted  may  be  found. 

When  an  angle,  as  a,  is  and  a and  c arc  given; 
then 

B SSy«'(A*.  — C®)  *=>/(a  -t-  c)  * (a  — C). 

And  L.  B = i (ire  (a  C)  L.  (a  — c)). 

Note,  \Vhen  two  sides  a,  b,  and  an  angle  a opposite  to 
one  of  them,  arc  given ; if  a be  leas  than  b,  than  6,  e,  c 
have  each  two  values ; otherwise,  only  one  value. 

11.  In  a spherical  triangle,  whose  three  sides  are  a,  b,c, 
and  their  opposite  angles  a,  c;  any  three  of  these  six 
terms  being  given,  to  find  the  rest. 


Case  1.  Given  the  three  sides  a,  b,  c. 

Calling  2r  the  peritn.  or  p s i (a  -t-  b -h  c). 

Thct.  ,.ic  = r 

• ^ B.A  X J.B 

A J If  * •■(v  — c) 

And  v{c  = r ^ i 

L4.4c  SS  I (L4.(p  — a)  L.S.(P— C)  I's.A  L's.B) 
L4  |C  = I (L4,P  “S-  JL4.(p  — C)  l'|.A  L^O). 

And  the  same  for  the  other  angles. 

• Case  2.  Given  the  three  anglat. 

Put  2p  ^ a c.  Then 

,.lc  = r And 

* ^ t.a  * »Ji 
,.,c  = , 

L.S.}c  = 4(l.s'P  Ly(p  — c)  + CiM  l's.b). 

L.s'lc  = 4(1..8'(P  — a)  — 6}  l's.O  -►  LS.'^*) 

And  the  same  for  the  other  sides. 

Note.  The  sign  > signifies  greater  than»  and  < Im; 
also  c/>  the  difference. 

Cose  3.  Given  a,  b,  and  included  angle  c. 

To  find  on  angle  a opposite  the  side  a, 
let  r : s'c  ; : t.  A : t. «,  like  or  unlike  a, 
as  c is  > or  < 9^"^ ; also  x a b c/i  M : 
then  s.  X : s.  St  : : t.  c : t.  a,  like  or  unlike 
c as  M is  > or  < B. 

Or  let  %'\{a  -4-  b)  : s'i(A  «o  b)  : : I'fc  : t m, 
which  is  > or  < 90®  as  a t-  a is  >or  < 180®; 
and  s.{(a  b)  t s.(a  c/»b)  : ; i^c  ; t.  n,  > po®. 
then  B s M •4'  K ; and  ^ ss  m — n. 

Again  let  r ; s'c  : : t.  a : t.  m,  like  or  unlike  a as  c is 

> or  < 90®;  and  n » b (/)  h. 

Thent'M  : s'x  s' a,  s'c,  like  or  unlike  x as  e is 

> or  < 90*.  Or, 

S-^C  = V ■ »*i(A  Vi  l). 


In  logarithroi,  pot  L.  q s 2l  j.|(a  b)  ; and 

I..  K = L.  t.  A -h  L.  s.  b -h  2l.8>4c  20;  then 

L-s^c  = |l.(q  r). 

Case  4.  Given  a,  6,  and  included  side  c. 

First,  let  r : s'c  : : t.  a : t'm,  like  or  unlike  ft  as  c is 
> or  < 90® ; also  n ss  b <j:  m. 

Then  s'n  : s'm  : : t.  c : i,  a,  like  or  unlike  n as  a is  > or 
<90\ 

Or,  let  s'(ta  6)  : s'f  (a  c/j  6)  : : t.ic  : t,  m,  > or  < 90® 
as  tf  4-  t is  > or  < 1 80® ; 
and  s'|(a  6)  : ,s  |(a  ys  fc)  : : L 4c  : l .k.  > 90®  ; 

then  A = M i N ; and  b =s  m ^ 

Again,  let  r : s'c  : : t.  o : t'm,  like  or  unlike  a as  r is  . 
,>  or  < 90® ; 

and  n ^ b :/i  m: 

then  s.tn.  : s.n.  : : s'a  : s'c,  like  or  unlike  a as  m iB 

> OP  < 6. 

Case  5.  Given  a,  b,  and  an  opposite  angle  a. 

1st.  s.  A : s.  a.  : : B : s.  6,  > or  < 90®. 

2nd.  Let  r : s'b  : : t.  b :.t'in,  like  or  unlike  b as  a is 

> or  < 90®; 

and  t.  A : t.  B : : s'lR  : s'n,  like  or  unlike  a as  a is  > or 

< 90®: 

then  c s M ± a,  two  values  also. 

3dly.  Let  r : s’b  : : t B : t.  m,  like  or  unlike  » as  a is 

> or  < 90®; 

and  s'b  : s'a  : : s'm  ; s'n,  like  or  unlike  a as  « is  >■  or 

< 90°: 

then  c a M ^ N,  two  values  also. 

But  if  A be  equal  to  B,  or  to  its  supplement,  or  be- 
tween B and  its  supplement;  then  is  b like  to  b:  also  c is 
s fli  7 n,  and  c = M ± x,  as  b is  like  or  unlike  a. 

Case  6.  Given  c,  b,  and  an  opposite  side  a. 

1st  s.  a. ’ s.  A : : t.  6 : s.  B,  > or  < 90®. 

2nd.  Let  r : s'6  : : t a ; to  U m,  like  or  unlike  k as  a is 

> or  < 90®; 

and  t.  a : t.  : : s.  m : s.  n,  > or  < 90® : 
then  c a M a is  like  or  unlike  b. 

3dly.  Let  r : s'a  : > t ^ : t'm,  like  or  unlike  ^ as  a 

> or  < 90°  ; 

and  %'b  : s'a  : : 1.  m, : s.  n,  > or  < 90® : 
then  c =3  m ± a,  as  a is  like  or  unlike  b. 

But  if  a be  equal  to  b,  or  to  its  supplement,  or  be- 
tween B and  its  supplement;  then  b is  unlike  and  only 
the  less  values  of  x,  n,  are  possible. 

Note,  When  two  sides  a,  b,  and  their  opposite  angles 
a,  6,  are  known  ; the  third  side  c,  and  its  opposite  angle 
c,  are  readily  found  thus: 

t.4(a  6)  : s.4(o  b)  t : t*4(A  c/i  b)  : 1.4c. 

s.*4(AcnB)  : s.i(A  -4- a)  : : : 1.4c. 


ni.  In  a right-angled  spherical  triangle,  where  11  is  the 
hypothcnusc,  or  side  opposite  the  right  angle,  B,  P the 
other  two  sides,  and  6,  p their  opposite  angles ; any  two 
of  these  five  terras  being  given,  to  find  the  rest ; the  cases, 
with  their  solutions,  are  as  in  the  following  table. 

The  same  table  will  also  serve  for  the  quadraotal  tri« 
angle,  or  that  which  haa  one  side  = 90 ®,  11  being  the 
S Z 2 
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»nsle  oppoiile  liml  sidr,  b,  p !lic  olhpr  Mo  anglw,  and  ite  supplement : and  mutually  cbange  the  terras  Wf  and 
*,;•  their  opposite  sides:  olr>erT.n^,  mstcad  of  ii,  lo  take  UHlike  for  each  other  where  u j»  concerned. 


mttv  «»  lime  B 

>'or  < 90^  as  H is  like  dr  unlike  b 
r : s II  : ; k.fr  : s«b,  hkc  k 

r ; Yu  ! ! t.  ” : } * > or  < M n is  like  ot  unlike  6 

i.h  : r : : f.B  :•  s.ii  ) 

: Vb  : s.p  each  > or  < 90";  both  values  true 


: i'll,  > or  ■<  90°  tts  B is  like  or  unlike  p 
: s'6.  like  R 

: t P,  like  p . 

: s'fi,  > or  < 90^  as  a is  like  or  unlike  P 
: iV>,  like  b 

: I'p.  like  p 

: s^h7~>  or  < 91)®  as»  0 is  like  or  unlike  p 
: s'r  like  b 

: s'p  like  p 


Tile  fuliowinjt;  propositions  and  remarks^  concerning 
aphencal  triangles,  (selected  and  communicated  by 
the  reverend  Nevil  Maskel^ne,  d.  d.  astroitomer  royal, 
p.  H.  a.)  will  also  render  the  calcuiaticms  of  them  perspi- 
cuous, and  fri'C  from  ambiguity. 

**  1«  A spherical  triangle  is  equilateral,  isoscelar,  or 
scalene,  according  as  it  baa  its  three  angles  all  equal, 
or  two  of  them  equal,  or  all  throe  unequal;  and  rice 
rtrsa. 

2.  The  greatest  side  is  always  opiKisitc  the  greati'St 
angle,  and  the  smallest  side  opposite  the  smallest  angle. 

3.  Any  two  sides  taken  together,  are  greiilcr  than  the 
third. 

4.  If  the  three  angles  are  all  acute,  or  all  right,  or  all 
obtuse  ; thu  three  sides  will  be,  accordingly,  all  less  than 
90®,  or  equal  lo90®,  or  greater  than  90® » a»»d  piccteria. 

5.  ir  from  the  three  angles  a,  b,  c,  of  a triangle  abc, 
as  poles.  then'U'  described,  upon 
the  surface  ®f  tfic  sphere,  three 
nrcbes  of  a great  circle  dc,  dp, 

PE,  forming  by  their  intersec- 
tions a new  spherical  triangle 
DEP  ; each  side  of  the  new  iH> 
angle  will  be  the  supplement  of 
the  angle  at  its  pole;  and  each 


kinds,  according  as  the  hypothrnuse  is  less  or  more  than 
yo®;  but  om*  at  least  of  them  will  be  of  90®,  if  the  hypo- 
tbenuse  is  so.'* 

Aaalyiical  Thioonometry.  Sec  my  Course  of  Ma- 
themniics,  last  vol. 

TRILATERAL,  three-sided,  a term  applied  to  all  figures 
of  ihm*  sidi‘s,  or  inungles. 

TRILLION*,  in  Arithmetic,  the  number  of  a million 
of  billions,  or  a million  of  million  of  millions. 

THlMMLliS,  in  Architecture,  pieces  of  timber  framed 
at  right  angles  to  the  joists,  against  the  ways  for  chimneys 
to  support  the  hearths,  anti  the  well-boles  for  stairs. 

TRINE  Dimrmion,  or  thre^old  dimmrroa,  includes 
length,  breadth,  and  thickncte.  'Hie  trine  dimension  is 
peculiar  to  bodies  or  solids. 

TRINITY  Sunday^  is  the  next  after  Whitsunday;  so 
called,  because  on  that  day  was  anciently  held  a fi-stival 
(as  it  still  continues  to  be  in  the  Roroisfa  church)  in  honor 
of  the  Holy  Trinity.— The  observance  of  this  festival  was 
fimt  enjoim*d  by  the  6th  canon  of  the  council  of  Arles,  in 
126*0;  and  John  the  22d,  who  distinguished  himst'lf  so 
much  by  l.is  opinion  concerning  the  beatilic  vision,  it  is 
said,  the  office  for  this  fi'stival  in  1334. 

TRINODA,  or  Tiu>odia  Terra!,  in  some  ancient 
writers,  denotes  the  quantity  of  3 perches  of  land. 

'rlUNOMlALfin  Algebra,  is  a quantity,  or  a root,  con- 


angle  of  the  same  triangle,  will  be  the  supplement  of  the  sisting  of  thretr  parts  or  terms,  connected  together  by  the 
side  opposite  to  it  in  the  triangle  abc.  signs  -h  or  — : as  a orx  + y 2.  \ 

6.  Id  any  triangle  abc,  or  Abc,  right-angled  in  a,  1st,  TRIO,  in  Music,  a part  of  a concert  in  which  three 
Hie  angles  at  the  hypotbenuse  arc  aU  ^ persons  sing;  or  rather  a musical  coropasition  consisting 

ways  of  the  same  kind  as  tbi-ir  oppo-  /1'\  ^ pans.— Trios  arc  the  finest  kind  of  musical  compo- 
site sides;  2dly,  The  b)poihenusc  is  / \ sitioH,  and  please  most  in  concerts, 

less  or  grt'Ster  than  a quadrant,  ac-  / . \ \ • TRIONLS,  in  Astronomy,  a kind  of  constellation,  ot 

cording  as  the  sides  including  the  / \ \ assemblage  of  7 stars  in  the  Ursa  Major,  popularly  called 

right-angle  are  of  the  same  or  dif-  /a.  \ \ • Charles's  Wain.— From  the  Scplem  Triones  the  north  pole 

ferent  kinds;  that  is  to  say.  accord-  \^  ^ ’ takes  the  denomination  S^ptemria. 

ing  as  these  same  sides  arc  either  both  acute  or  both  ob-  TRIPAR'I'ITION,  is  a division  by  3,  or  the  taking  of 
tuse,  or  as  one  is  acute  and  the  other  obtuse.  And,  rice  the  3d  part  of  any  number  or  quantity. 
rcTM,  1st,  The  sides  including  the  right  angle,  are  always  TRIPLE,  threefold.  See  Ratio  and  SuBTRifLi. 

of  the  same  kind  as  their  opposite  utigU^ : 2tlly,  'Hiesiiles  I'kicle,  in  Music,  is  one  of  the  species  of  measure  ot 

including  the  right  angle  will  be  of  the  same  or  didcrcoi  time,  and  ii  taken  from  hence,  that  the  .whole,  or  half 
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fnr»6ur<*,  ii  divi»il>lc  into  3 equal  partSt  and  » beaten  ac> 
cordin^ly. 

TIUHLICATfc.  Ratio^  it  the  ratio  which  cubes»  or  any 
timilar  aolids,  bi-ar  to  each  other;  and  is  the  cube  of  the 
simple  ratio,  or  this  twice  multiplied  by  itself.  Thus  I to 
8 is  the  triplicate  ratio  <i^  1 to  2,  and  I to  27  triplicate 
of  I to  3. 

TIllS-UiAPASoy,  or  Tripk  Diupaion  Chord,  \t\  Music, 
is  what  is  otherwise  called  a triple  eighth. 

TRISECTION,  the  dividing  u thing  into  thnv  equal 
parts.  The  term  is  chiefly  used  in  geometry,  for  the  divi- 
sion of  an  angle  into  three  equal  parts.  I'he  trisection  of 
an  angle  geometrically,  is  one  of  those  great  problems 
uhoM'  solution  has  been  so  mucli  sought  for  by  mathema- 
lidaos,  fur  2000  years  past;  being,  in  this  respect,  on  a 
footing  with  the  famous  one  concerning  the  quadrature  of 
the  circle,  and  the  duplicaturc  of  the  cube. 

The  ancients  triss*cted  an  angle  by  means  of  the  conic 
sections,  and  the  book  of  inclinations ; and  Pappus  enu' 
nierates  several  ways  of  doing  it,  in  the  4th  book  of  bis 
Mathematical  Collections,  prop.  31,  32,  33,  34,  35,  &c. 
lie  further  observes,  that  the  problem  of  trisecting  an  an- 
gle, is  a solid  problem,  or  a problem  of  the  3d  degree,  being 
expressed  by  ibc  rrsolulion  of  a cubic  equation,  in  which 
way  it  has  rcsoUed  by  Vieta,  and  others  of  the  mo- 
derns. See  his  angular  sections,  with  those  of  other  au- 
thors, and  the  trisection  in  particular  by  cubic  equations,  as 
in  Guisne's  Application  of  Algebra  to  G(^ometry,in  Tlloa- 
pitai  s Conic  Sections,  and  in  Emerson's  Trigonometry, 
book  ly  see.  4.  The  cubic  equation  by  which  the  problem 
of  trisection  is  resolved,  is  as  follows  : Lt>t  2c  denote  the 
chord  of  a given  arc,  or  angle,  and  x the  chord  of  the  .3d 
part  of  the  same,  to  the  radius  1 ; then  is  r*  Sr  =s  — 9r, 
by  the  resolution  of  which  cubic  ct|ualic)n  is  found  the  va- 
lue of  X,  or  the  chord  of  the  3d  part  of  the  given  arc  or 
angle,  whose  chord  is  c ; and  the  resolution  of  this  equa- 
tion, by  Cardan's  rule,  gives  tbe  chord 


X - c + - 1)  ) 

or  X =Jx(  - c + - i) )+;/(_  c 1)). 


TIUSPAST,  orTaisi-AMON,  in  .Mechanics,  a machine 
with  3 pulleys,  or  an  assemblage  of  S pulleys,  for  raising 
great  weights;  being  a lower  species  of  the  polyspastun. 

TRITE,  in  Music,  the  3d  musical  chord  in  the  system 
of  the  ancients. 

TJUTONE,  m Music,  a false  concord,  consisting  of 
three  tones,  or  a greater  third,  and  a greater  tone.  Its  ra- 
tio or  proportion  in  numbers,  is  that  of  45  to  32. 

TROCHILE,  in  Arrhitreture,  ii  that  hollow  ring,  or 
cavity,  which  runs  round  a column  next  to  the  tore. 

trochlea,  in  Mechanics,  one  of  the  mechanic 
powers,  more  usually  called  the  pulley. 

TROCHOID,  in  the  Higher  Geometry,  a curve  de- 
Kfibcd  by  a point  in  any  part  of  the  radius  of  a wheel, 
during  its  rotatory  and  progressive  motions.  'This  is  the 
same  curve  as  what  is  mure  usually  called  the  cycloid, 
where  the  construction  and  properties  of  it  are  shown. 

TRONE  fVeif^ht,  the  most  ancient  of  the  different 
weights  used  in  Gotland. 

TaoHB  Potmd,  in  Scotland,  contains 20  Scotch  ounces. 
Or  because  it  is  usual  to  allow  one  to  the  score,  the  trone 
pound  is  commonly  21  ounces. 

TaoNB  Stone,  in  Scotland,  according  to  Sir  John  Skene, 
contains  pounds. 

TROPHY,  in  ArchUecture,  an  ornament  which  repr^ 


scnls  the  trunk  of  a tree,  charged  or  encompassed  nil 
around  with  arms  or  military  weapons,  both  ofltiuive  and 
defensive. 

TROPICAL,  something  relating  to  the  tropics.  As, 
Tropica L-iriadr.  Sec  M'iXD,and  I’HADE-ffiadr. 

Iropical  Ycnr,  the  space  of  lime  during  which  ihc 
sun  pufvses  round  from  n tropic,  till  his  return  to  it  again. 

Sec  \ EA  II. 

TROPICS,  in  Astronomy,  two  fixed  circles  of  the 
sphere,  drawn  parallel  to  the  equator,  through  the  soUiL 
tiu)  points,  or  at  such  distance  from  the  equator,  as  is  equal 
to  the  sun's  greatest  recess  or  declination,  or  to  the  obli- 
quity of  the  ecliptic. 

1 hat  on  the  north  side  of  the  equator,  passes  through 
the  first  point  of  Cancer,  nnd  is  therefore  call<*d  the  Tropic 
of  (!«ncer.  And  the  other  on  the  south  side,  passing 
through  the  first  point  of  Capricorn,  is  called  the  Tropic 
of  Capricorn. 

To  determine  the  distance  between  tbe  two  tropics,  and 
thence  the  sun's  greatest  declination,  or  the  obliquity  of 
the  ecliptic;  observe  the  sun's  mernJian  altitude,  both  in 
the  summer  and  winter  solstice,  and  subtract 'the  latter 
from  the  former,  so  shall  the  remainder  be  the  distance  be- 
tween  the  two  tropics;  and  the  half  of  this  the  quantity 
•of  the  greatest  dccliimiion,  or  the  obliquity  of  the  ecliptic ; 
the  medium  of  which  is  now  23®  27*  46""  nearly. 
Tropics  in  Gc*>graphy,  me  two  le»s<'r  circles  of  the 
globe,  drawn  parallel  to  the  equator  through  tbe  begin- 
nings of  Cancer  and  Capricorn,  b<  ing  in  the  planes  of  the 
celestial  tropics,  and  consequently  at  23®  2h'  distance 
nearly,  either  way  from  the  equator. 

TROY-WVigAr,  anciently  called  irone-welght,  is  sup- 
posed to  be  taken  from  a weight  of  the  seme  name  in 
France,  and  that  from  the  name  of  the  town  of  Troves 
there.  The  original  of  all  weights  used  in  England,  waa 
a corn  or  grain  of  wheat  gathered  our  of  the  middle  of 
the  ear;  and,  when  well  dried,  32  of  them  were  to  make 
one  pemiyweighf,  20  pennyweights  1 ounce,and  l2ounces 
1 pound  troy.  Vide  statutes  of  5t  Hen.  Ill;  31  Ed.  i. 
and  12  Hen.  \'II.  Uutafterward  it  was  thought  sufficient 
to  divide  the  said  pennyweight  into  24  equal  parts,  called 
grains,  being  the  least  weight  now  in  common  use  ; so  that 
tbe  divisions  of  troy  widghi  now  are  these: 

24  grains  s I pennyweight  d^t, 

20  pennyweighiB  = I ounce  oz. 

12  ounces  =:  I p«>iind  lb. 

By  troy-weight  are  weighed  jewels,  gold,  silver,  and  all 
liquors. 

I'RL'CKS,  among  Gunners,  arc  the  small  wriodcn 
wheels  fixed  on  the  axlctrees  of  gun  carriages,  especially 
thoM^  for  ship  service,  to  move  them  about  by. 

TRUE  ConjuAction,  See  Trire Corjukctiow. 

True  Place  of  a Planet  or  Star,  is  a point  m the  hea- 
vens shown  by  a right  line  drawn  from  tbe  centre  of  the 
earth,  through  the  centre  of  the  star  or  planet. 

TRUMPET,  Listening  or  Hearing,  is  an  instrument  in- 
vented by  Joseph  Landini,  to  ossisc  the  hearing  of  per- 
sons dull  of  that  faculty,  or  to  assist  us  to  hear  persons 
who  speak  at  a great  distance.  Instruments  of  this  kind 
are  formed  of  tubes,  with  a wide  mouth,  and  teiininaiing 
in  a small  canal,  which  is  applied  to  the  ear.  The  form 
of  these  instruments  evidently  shows  bow  they  conduce 
to  assist  the  hearing ; for  the  greater  quantity  of  the  weak 
and  languid  pulses  of  the  air  being  received  and  collected 
by  the  large  end  of  the  tube,  are  reffcctcd  to  the  small 
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rnd,  where  they  are  collected  and  condensed  ; theaceen- 
lcrin}{  the  ear  in  this  condensed  statei  lliey  strike  tlie  tym' 
paimm  with  a greater  force  than  they  could  naturally  have 
done  from  the  ear  alone.  Hence  it  ap|>ear5,  that  asprak- 
ing^ trumpet  may  be  applied  to  the  purpose  of  a hearing 
trunipei,  by  turning  the  wide  end  towards  (be  soundi  and 
the  narrow  end  to  the  car.  « 

SpeakiHi:  TnVMPeTt  is  a lube  of  a considerable  length, 
from  6'  to  15  feet,  used  forspcakmg  with  to  make  the  voice 
be  heard  to  a greater  distance.  This  tube,  which  is  made 
of  (in,  is  straight  throughout  its  length,  but  opening  to  a 
large  aperture  outwards,  and  the  other  end  terminating  in 
a proper  shape  and  iiw.  to  receive  both  the  lips  in  the  act 
of  speaking,  the  speaker  pushing  his  voice  or  the  sound 
outwards,  by  w hich  means  it  rosy  be  beard  at  the  distance 
of  a mile  or  more. 

The  invention  of  this  trumpet  is  held  to  be  modern,  and 
has  bc(‘n  ascribed  to  Sir  Samuel  Moreland,  who  culled  it 
(he  tuba  su*niorophonica;  and  in  a work  of  the  same  name, 
published  at  London  in  1671,  that  author  gave  an  account 
of  it,  and  of  several  experiments  made  with  it.  With  one 
(»f  these  instruments,  of  54  feet  long,  21  inches  diameter 
at  the  greater  end,  and  2 inches  at  the  smaller,  tried  at 
Deal  Casile,  the  speaker  was  heard  to  the  distance  of  3 
miles,  the  wind  blowing  fnnn  the  shore. 

But  it  seems  that  Kircher  has  a better  title  to  the  in« 
vention  ; for  it  is  certain  that  he  had  such  an  instrument 
before  ever  Muraland  thought  of  his.  That  author,  in  his 
Phonurgia  Nova,  published  in  1673,  says,  that  thetrom* 
ba,  published  last  year  in  Kngland,  he  invented  24  years 
before,  and  published  in  bis  Mesurgia.  He  adds,  that  Jac. 
Albanus  Gbibbisius  and  Fr.  Ir^achinardus  ascribe  it  to  him  ; 
ami  that  G.Schottus  k^tilies  of  him,  that  be  had  such  an 
instrument  in  his  chamber  in  the  Roman  college,  with 
which  be  could  call  to,  and  receive  answers  from  the  porter. 

But,  considering  how  famous  the  lube  or  bom  of  Alex* 
andcr  the  Grt*at  was,  it  is  rather  strange  that  the  mo- 
derns should  pretend  to  the  invention.  With  his  stento- 
rophoiiic  horn  or  lube  he  used  to  speak  to  his  army,  and 
make  himself  be  distinctly  heard,  it  is  said,  100  stadia 
or  furlongs.  A figure  of  this  tube  is  preseived  in  the  Va- 
tican ; and  it  is  lu'arly  the  same  as  that  now  in  use.  See 
St  ENTU  nor  11 0)1 1C. 

The  principle  of  this  instrument  is  obvious ; for  as 
sound  is  stronger  in  proportion  to  the  density  of  the  air, 
it  follows  timt  the  voici%  in  passing  through  a tube  or 
trumpet,  must  he  greatly  augmenud  by  the  constant  re- 
flection and  agitation  of  the  air  through  (he  length  of  the 
tube,  by  which  it  is  condensed,  and  its  action  on  the  ex- 
ternal air  greatly  increased  at  its  exit  from  the  tube.  It 
has  been  found,  that  a man  speaking  through  a tube  of 
4 feet  lung,  may  be  uudersto^  at  (be  distance  of  500 
geometrical  paces;  with  a tube  l6|  feet,  at  the  distance 
of  1800  paces;  and  with  a tube  24  feet  long,  at  more 
tli&n  2500  paces. 

lliough  some  advantage  in  heightening  the  sound,  both 
in  speaking  and  hiaring,  be  derivt^d  from  (be  shape  of  the 
lube,  and  the  width  of  the  outer  end,  yet  the  effect  de- 
pends chiefly  on  its  k-ngih.  As  to  the  form  of  it,  some 
have  assorted  that  the  best  figure  is  that  which  is  formed 
by  the  revolution  of  a parabola  about  its  axis;  the 
moutb-piecc  being  placed  in  the  focus  of  (he  parabola, 
and  consequently  the  sonorous  rays  reAected  parallel  to 
the  axis  of  the  tube.  But  .Mr.  Martin  observes,  that  this 
parallel  rcAection  is  by  oo  means  essential  to  increasing  the 


sound:  on  the  contrary,  ft  prcvciUs  (he  infinite  number  of 
reflections  and  reciprocations  of  sound,  in  which,  accord* 
ing  to  Newton,  its  augmentation  chiefly  consists ; the  aug- 
mentation of  the  impetus  of  the  pulses  of  air  being  pro- 
portional to  the  number  of  repercussions  from  the  sides 
of  the  tube,  and  therefore  to  itt  length,  and  to  such  a 
figure  as  is  most  productive  of  them.  Hence  he  infers, 
that  the  parabolic  trumpet  is  the  most  unfit  of  any  for 
(his  purpose  ; and  be  endeavours  to  show,  that  the  loga- 
rithmic or  logistic  curve  gives  the  best  form,  vis,  by  a re- 
volution about  iu  axis.  Martin's  Philos.  Brit.  vol.  S, 
pa.  248,  3d  edit. 

But  Cassegrain  is  of  opinion  that  an  hyperbola,  having 
the  axis  of  (be  tube  for  an  asymptote,  is  the  best  figure  fur 
this  instrument.  Musachenb.  Intr.  ad  Phil.  NaL  tom.  2, 
pa.  1)26, 4to.  For  other  constructions  of  speaking-trum- 
peta,  by  Mr.  Conyers,  see  Philos.  Trans.  No.  141,  for 
1678. 

TRUNCATED  Pyramid  or  G>ne,  is  the  frustum  of  one, 
being  the  part  remaining  at  the  bottom,  after  (he  (op  is 
cut  off  by  a plane  parallel  to  (lie  base.  See  Frustum. 

TRUNNIONS,  of  a piece  of  ordnance,  are  those  knobs 
or  short  cylinders  of  metal  on  the  sides,  by  whicb  it  rests 
on  the  cheeks  of  the  carriage. 

TRUKNioK-A/ttg-,  is  the  ring  about  a cannon,  next  be- 
fore the  trunnions. 

TSCHIHNHAUSRN  (Erkfroy  Walter),  an  inge- 
nious mathematician,  lord  of  Kiliingswald  and  of  Slolaen* 
berg  in  Lusatia,  where  he  was  burn  in  l6'51.  ARer  hav- 
ing served  as  a volunteer  in  the  army  of  Holland  in  l67S, 
he  travelled  intu  most  parts  of  Europe,  as  England,  Ger- 
many, Italy,  France,  &c.  He  went  to  Paris  for  the  third 
time  in  1682  ; where  he  communicated  to  (he  Academy 
of  Sciences,  the  discovery  of  the  curves,  called  from  him, 
Tschirnhausen's  Caustics ; and  the  Academy  in  conse- 
quence elected  the  inventor  one  of  its  foreign  members. 
On  returning  to  Italy,  ho  was  desirous  of  perfcctiag  the 
science  of  optics;  for  which  purpose  he  established  two 
glass-works,  whence  resulted  many  new  improvements  in 
dioptrics  and  physics,  particularly  the  noted  burning- 
glass  which  he  presented  to  the  regent.  It  was  to  him 
too  that  Saxony  owed  its  porcelane  manufactory.  Con- 
tent with  the  enjuymeot  of  literary  fame,  Tscbirnliausen 
refused  all  other  honours  that  were  offered  him.  Learn- 
ing was  his  sole  delight.  He  searched  out  men  of  talenia, 
and  gave  (hem  encouragement.  He  was  often  at  the  ex- 
pence  of  printing  the  useful  works  of  other  men,  for  (be 
benefit  of  the  public ; and  died,  beloved  and  regretted, 
the  llth  ofScptcmbi'a  1708. 

Tschinifaauscn  wrote,  Dc  Mcdicina  Mentis  ct  Corporis, 
printed  at  Amsterdam  in  l6S7«  And  (be  following  me- 
moirs were  printed  in  the  volumes  of  the  Academy  of 
Sciences  :~1.  Observations  on  Burning  Glasses  of  3 or  4 
feet  diameter;  vol.  l6i^9.*-2.  Observations  on  the  Glow 
of  a I'elukcope,  convex  on  botli  sides,  of  32  ieet  focal  di- 
stanco;  J700.-*3.  On  the  Radii  of  Curvature,  with  the 
finding  of  ’i'angents,  Quadratures,  and  Rectifications  of 
many  curves;  1701.-^4.  On  the  Tangents  of  Mecbani- 
cal  Curves ; 1702.— 5.  On  a Method  of  Quadratures; 
1702. 

TUBE,  a pipe,  conduit,  or  canal;  being  a hollow  cy- 
linder, cither  of  roctal,  wood,  glass,  or  other  mailer,  for 
the  conveyance  of  air,  or  water,  &c.  The  term  is  chiefly 
applied  to  those  used  in  physics,  astronomy,  anatomy,  Ac. 
On  other  ordinary  occasionx,  we  more  usually  say  pipe. 
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fn  the  memoire  of  tiie  French  Academy  of  Sciences^ 
Vurignnn  has  given  a treatise  cm  the  proportions  for  the 
diametc  rs  uf  lul>es,  to  give  any  particular  quantities  of 
water.  The  result  of  liis  paper  gives  these  two  anal(»* 
gies,  viz,  that  the  diminutions  of  the  vefocity  uf  water, 
occusioiK'd  by  its  tricuon  against  the  sides  of  tubes,  arc  as 
the  diameters ; the  lubes  being  supposed  equally  lung: 
and  tbr  quantities  of  water  issuing  out  at  the  tubes,  are 
as  the  square  roots  of  tbeir  diameters,  deducting  out  of 
them  the  quantity  that  each  is  diminished. 

Tcbi:.,  in  iVstmnomy,  is  sometimes  used  for  telescoj^  j 
but  more  properly  for  chat  part  of  it  into  which  the  lenses 
arc  fitted,  ami  by  which  they  are  dirc'Ctcd  and  used, 

I'Uh^DAV,  the  9d  day  of  the  week,  so  called  from 
Till  SCO,  one  of  the  Saxon  Gods,  similar  to  Mars;  for 
which  reason  the  astrunumical  mark  for  ibis  day  of  the 
week,  is  ^ . 

TUMURKl.,  is  a kind  of  carriage  with  two  wheel^, 
iist>rl  either  in  huslxindry  for  dung,  or  in  artillery  to  carry 
the  liKils  >■’(  the  ptuncetrs,  &c,  and  sometimes  likewise  (he 
monry  of  an  army.  • 

'l  UN,  IS  a nuntsure  for  liquids,  as  wine,  oil,  &c.  The 
Kiigtish  ton  cuitiains  2 pipes,  or  4 hogsheads,  or  252 
gallons. 

TUNF.,  urToxB,  in  Music,  is  that  property  of  sounds 
by  which  they  come  under  the  relation  of  acute  and  grave. 
If  two  or  more  sounds  he  compared  together  in  this  rela* 
tion,  they  are  either  <qual  or  unequal  in  the  degree  of 
tune:  such  as  are  equal,  arc  called  unisons.  The  unequal 
constitute  what  are  calkd  intervals,  which  are  the  difi'e- 
reners  of  tone  between  sounds. 

Honorous  bodies  are  found  to  differ  in  lone:  1st,  Ac- 
cording to  the  ditferciu  kinds  of  mutter;  thus  the  sodnd 
of  a piec^  uf  gold,  is  much  graver  than  that  of  a piece  of 
silver  of  the  same  shape  and  dimensions.  2d,  According 
to  the  Uifh’rrnr  quaniiucs  of  the  same  matter  in  bodies  of 
the  same  figure;  hs  a solid  sphere  of  brass  of  1 f(M>t  dia- 
meter, sounus  acuter  than  a sphere  of  brass  of  2 fct  l 
diameter. 

But  the  measures  of  tone  arc  only  to  be  sought  in  the 
relations  of  the  motions  that  are  the  cause  of  sound,  which 
are  most  diitcc  rniblc  in  the  vibration  of  chords.  Now, 
in  general,  wc  find  that  in  two  chords,  all  things  being 
equal,  c.xccpling  the  tension,  the  thickness,  or  the  length, 
the  t »nes  arediffermt;  which  difterence  can  only  be  in 
the  velocity  of  iHeir  vibratory  motions,  by  which  they 
piTiorm  A different  number  of  vibrations  in  the  same  time ; 
as  it  is  known  that  all  the  small  vibrations  of  the  same 
chord  arc  |wrformed  in  equal  times.  Now  the  frequenter 
or  quicker  those  vibrations  are,  the  more  acute  is  the 
tone;  and  the  slower  and  fewer  they  are  in  the  same 
time,  by  so  much  the  more  grave  is  the.  tone.  So  that 
any  given  note  of  a tunc  is  made  by  one  certain  mi^asure 
of  veioctiy  of  vibrations,  that  is,  such  a certain  norobrr  of 
vibrations  of  a chord  or  string,  in  such  a certain  part  of 
time,  consiituti^  a determinate  tone. 

This  theory  is  strongly  supported  by  the  best  and  latest 
writers  on  music,  Holder,  Malcolm,  Smith,  &c,  both  from 
reason  and  experience.  Dr.  Wallis,  who  owns  it  very 
reasonable,  adds,  that  it  is  evident  the  degrees  of  acuic- 
ne»>  are  reciprocally  as  the  lengths  of  the  chords ; though, 
be  says,  be  will  not  positively  affirm  that  the  degrees  of 
acuteness  answer  the  number  of  vibrations,  as  their  only 
true  cause : but  bis  diffidence  arises  from  hence,  that  be 


doubts  whether  the  thing  has  been  sufficiently  confirmed 
by  experiment. 

TUNN/VGE,  Si*c  Tonnage. 

TURN,  is  used  for  a circular  motion ; in  which  sense  it 
agrev-s  with  revolution. 

Turk,  in  Clock  or  Watch-work,  particularly  denotes 
the  revolution  of  a wheel  or  pinion.  In  calculation,  the 
number  uf  turns  which  the  pinion  has,  is  denoted  in  com- 
mon arithmetic  thus,  5)  00  (12,  where  the  pinion  5, 
playing  in  a wheel  of  60,  moves  round  12  limes  in  one 
turn  of  the  wheel.  Now  by  khi>wing  the  number  of 
turns  which  any  piiiinn  makes  in  une  turn  of  the  whcdl 
it  works  ill,  is  easily  found  how  many  turns  a wheel  or 
pinion  has  at  a greater  distance  ; as 
the  contmt-wbecl,  crown-wheel,  tSfc,  5 ) 55  (II 

by  multiplying  together  the  quo-  5 y 45  / q 

tients,  and  the  number  produced  is  ^ \ J 

the  number  of  turns,  as  in  the  exam*  5 ) 40  ( 8 

pic  here  annexed  : the  first  of  these 
tbn'C  numbers  has  1 1 turns,  the  next  9>  und  the  last  S : 
by  multiplying  1 1 by  9,  it  produces  99 ; tlmt  is,  in  one 
turn  of  the  wheel  55,  there  are  99  turns  of  the  second 
pinion  5,  or  the  wheel  45,  which  runs  concenlrical  or  on 
the  same  arbor  with  the  second  pinion  5 : ami  again  inul- 
(iplying  99  by  the  last  quotient  8,  it  product's  79**  ^'hich 
is  the  number  uf  turns  the  third  pinion  5 has.  SecCtocK- 
uiork,  and  Pinion. 

'rUUMNG  to  windward,  in  Sea-Language,  denotes 
that  opi'ralion  in  sailing  when  a ship  eiick'uvours  to  make 
a progress  against  the  direction  of  the  wind,  by  a com-? 
pound  course,  inclined  to  the  place  of  her  devtination. — 
This  method  of  naviguliuii  is  otherwise  called  plying  to 
windward. 

TUSCAN  Order,  in  Architecture,  is  the  first,  liie  sim- 
plest, and  the  strongest  or  most  massivu  of  any.  Its 
Column  has  7 diameters  in  height ; and  its  capital,  base, 
and  cntublcment,  have  no  oinameiUs,  and  but  few  mould- 
ingH. 

'I  WF.LFni-Dtry,  the  festival  of  the  Epiphany,  or  the 
manifestation  of  Christ  to  theGeiitilefi,  so  called,  as  be- 
ing the  twelfth  day,  exclusive,  from  the  nativity  or  Christ- 
mas-day;  of  cour>e  it  falls  alwa)*s  on  the  6th  day  of 
January. 

TWILIGHT,  in  Astronomy,  is  that  faint  light  which 
is  (icrceived  before  sun-itsing,  and  after  sun-setting.  I he 
twilight  is  occasioned  by  the  earths  atmniphera  nfracl- 
ing  the  rays  o(  the  sun,  and  ix'lleciing  liieni  umi-ng  its 
particles. 

The  depression  of  the  sun. b<  low  the  horizon,  at  the  be- 
ginning of  the  morning,  and  end  of  the  ev'cning  twilight, 
has  been  variously  stated,  at  different  seasons,  and  by  dif- 
ferent observers:  by  Altiazcn  it  was  observed  to  In*  19** > 
^ Tycho  17**;  by  Rotltmau  24®;  by  Slrvinus  18®;  by 
(fa$sini  15®;  by  Kiccioli,  at  the  time  of  the  equinox  in 
the  morning  16®,  in  the  evening  20^®;  in  the  summer 
solstice  in  the  morning  2t^  25  , and  in  the  winter  17'^  15'. 
Whence  it  appears  that  the  cauM*  of  the  twilight  is  varia- 
ble ; but,  on  a medium,  about  18®  of  the  sun’s  depressioa 
will  serve  tolerably  well  for  pur  latitude,  fur  the  begin- 
ning and  end  of  twilight,  and  accurdiag  to  which  Dr. 
Long,  (in  hU  Astronomy,  vol.  1,  pa.  258)  gives  the  fol- 
lowing tabic,  of  (he  duraiioii  of  twilight,  in  different  lati- 
tudes, and  for  several  different  decUnatioiis  of  the  tun. 
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Where  c d signify  thut  it  i»  then  continual  duv*  c it  con- 
tinual night,  and  IP  a that  the  twilight  la&ts  the  whole  night. 

Pto6.  — To  Jind  the  Beginning  or  Fnd  ef  TviHght. 

In  thi>  problem,  there  are  given  the  sides  of  an  oblique 
spherical  triangle,  to  tind  nn  angle  ; via, 
given  the  aide  zp  the  co-iaiuudo  of  the 
place;  rO  the  co-declinalion,  or  polar di- 
btaiice;  and  ZQ  the  zenith  diatante,  which 
is  always  equal  to  lOK®,  via,  90®  from  the 
acnilh  to  the  horizon,  and  18®  more  for  the 
sun’s  distance  below  the  horizon.  Forex- 
ample,  suppose  the  place  Loudon  in  lati- 
tude 51*  3'/f  and  the  time  the  1st  of  May, 
when  the  sun's  di*clination  is  15*  12'  north. 

Uere  then  zp  ^ 38*38'  the  complement  of  51*  32*  and 
p0  s 74*  48',  the  complement  ol  12*.  Then  the  cal- 
culation is  as  follows. 

1-0  = 74*  -»8' 
pz  = 38  28 


?0  - PZ  = 36  20 

SS  D 

zO  =s  108  00 

zO  D = 144  20 

1 72*  10* 

= i(z0  - d) 

«0  - l>  = 71  40 

1 35  50 

= i(Jf©  - D) 

Then, 

Co-ar.  sin.  polar  disU 

= 74“  48' 

0-01547 

Co-ar.  sin.  colat. 

= 38  28 

0-20617 

Sine  i(zO  d)  - 

s=  72  10 

997861 

Sine  t(zO  — 0)  • 

= 35  50 

9-76747 

Sura  of  these  four  logs. 

- 19.96772 

Half  sum  gives 

74*  2»i' 

998386 

Which  doubled  gives  148  57  for  the  angle  z?o. 

This  148®  57'  nSluced  to  time,  at  the  rule  of  15®  per 
hour,  gives  9**  55"*  48*,  either  before  or  after  noon;  that 
is,  the  twilight  begins  at  2^*  4*  12*  in  the  morning,  and 
ends  at  9*  55®  +8*  in  the  evening  on  the  given  day  at 
London. 

To  lind  the  time  of  shortest  twilight  at  any  given  place, 
say,  as  radius  to  the  sine  of  the  latitude,  so  is  the  tangent 
oJ  T to  the  sine  of  the  sun's  declination  at  the  time  re- 
q^iired.— The  declination  of  the  sun  and  the  latitude  6f 
the  place  must  be  ol  cmtirary  kinds.^ih  nce,  at  about  51 
nr  52  degrees  north  lRlilude,Uie  twilight  will  be  shoiiestut 
about  the  2d  ox  3d  of  March,  and  the  lltli  or  12th  of 
October. 

twinkling  qf  the  Starst  denotes  that  tremulous 
motion  which  is  observinl  in  the  light  prucmiing  from  the 
fixed  stars.— 1his  twinkling  in  the  stars  lias  been  variously 
accounted  for.  Alhazin,  a Moorish  philosopher  of  the 
12th  century,  considers  refraction  as  the  cause  of  fhisphe- 
noincn  «n.  Vitello,  in  his  (Jptics,  (composed  before  the 
year  1270}  pa.  449,  ascribes  (be  iwinkling  of  the  stars  to 


the  motion  of  the  air,  in  which  the  light  is  refracted ; and 
he  obH‘rves,  in  confirmation  of  this  hypothesis,  that  they 
twinkle  still  more  when  they  an*  viewed  in  water  put  into 
motion. 

Ur.  Hooke  (Microgr.  pa.  231,  5tc)  ascribes  this  pheno- 
menon to  the  inconstant  and  unequal  rt  fraction  of  the  ravs 
of  light,  cceaxioned  by  the  treinalous  motion  of  the  air 
and  iniert{»ersed  vapours,  in  consequence  ol  variable  de- 
grees of  heal  and  cold  in  the  air,  producing  corrc'sponding 
variations  in  its  density,  and  aJfo  of  the  action  of  ihe 
wind,  which  must  cause  the  successive  rays  to  fail  upon 
the  eye  in  ditTerent  directions,  and  consequently  on  difler- 
ent  parts  of  the  retina  at  difiereni  times,  and  also  to  hit 
ond  miss  lliepupil  ahemotely ; and  this  also  is  the  reason, 
he  says,  why  the  limbs  of  the  sud,  moon,  and  planets  ap- 
pear to  wave  or  dance. 

These  irt'inors  of  the  air  are  manifest  to  the  eye  by  the 
undulating  moiinn  of  shndow-s  cast  from  high  towers  ; 
and  by  looking  at  objects  through  the  smoke  of  u chim- 
nev,  or  through  sleams  of  hot  water,  or  at  objects  situated 
beyond  hot  sands,  especially  if  the  air  be  moved  trans- 
versely over  them.  But  when  stars  are  seen  through  tele- 
scopes that  have  large  apertures,  they  twinkle  but  little, 
and  sometimes  not  at  all.  For,  as  Newton  has  obsenvd, 
(Opt.  pa.  98)  the  rays  of  light  which  pass  through  differ- 
ent parts  of  ihca|H‘rturc,  tremble  each  of  them  *R|>art,  and 
by  means  of  their  various  and  contrary  tremors,  fall  at 
one  and  the  same  time  upon  different  points  in  the  bottom 
of  the  eye,  and  their  quivering  motions  are  too  quick  and 
confuted  to  be  srpiirately  perceived.  .And  all  these  illu- 
minated points  cupsiitutu  ui»c  broad  lucid  point,  conipoc  ^ 
of  those  many  trembling  points  confusedly  and  insensibly 
mixed  with  one  another  by  very  short  and  swift  tremors, 
and  so  cause  the  star  to  appear  broader  than  it  is,  and 
without  uiiy  motion  of  the  whale. 

Di.Jurin,  in  his  Essay  ou  Distinct  and  Indistinct  V’i- 
sion,  has  recourse  to  Newton's  hy  pothesis  of  fits  of  easT 
refraction  ami  reflection  for  explaining  the  twinkling  of 
the  stars  : thus  he  says,  if  the  middle  pan  of  the  image 
of  a star  be  changed  Irom  light  to  dark,  and  the  adjacent 
ring  nl  the  same  tinio  be  ebangt'd  from  dark  lo  light,  aa 
roust  ha[)|M*n  from  the  least  motion  of  the  eye  towards  or 
from  the  star,  this  will  occasion  such  an  appearance  as 
twinkling. 

Mr.  Micheil  (Philos.  Trans,  vol.  57»  pa.  26'3)  supposes 
that  the  arrival  of  fewer  or  more  rays  at  one  time,  csptw 
cially  from  the  smaller  or  more  remote  fixed  stars,  may 
make  such  an  unequal  impression  on  the  eye,  as  may  at 
least  have  some  share  in  producing  this  effect:  since  it 
may  be  supposed  that  even  a single  particle  of  light  is  suf- 
ficient to  make  a sensible  iinpn'ssion  on  the  oigans  of 
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so  that  very  few  particles  arriving  at  tUa  eye  in  a 
tccmiJ  of  pi'rhaps  not  mure  than  thri'c  or  four  may 
be  sutKcicnt  to  make  au  object  corulunily  vtMbIc.  See 

LtCillT. 

Hence,  he  says  it  >>  tmt  improbable  that  the  number  of 
the  particles  of 'light  which  enter  the  e)c  in  a sccoihI  of 
time,  even  from  Sirius  himself,  may  not  exceed  3 or  4 
thuuaaixl,  and  from  stars  of  the  '2d  magnitude  they  may 
probably  not  exceed  100.  Now  the  apparent  increase 
and  diminution  of  the  light*  which  wo  observe  in  the 
twinkling  of  the  stars,  soero  to  be  repeated  ui  intervals  nut 
very  unequal,  perhaps  about  4 or  5 times  in  a second. 
He  therefore  thought  it  reasonable  to  suppose,  that  tlir  in- 
equalities which  will  naturally  arise  from  the  chance  of 
the  rays  coming  sometimes  a little  denser, and  sometimes  a 
little  rarer,  in  so  small  a number  of  them,  as  must  fall 
upon  the  eye  in  the  4th  or  5th  part  of  a second,  may  be 
sufficient  to  account  for  this  app*^rancc. 

Since  these  observations  were  published  however,  Mr. 
Micbcll  (as  we  are  informed  by  Dr.  Priestley  in  his  Hist, 
of  Light,  pa.  495)  has  entertained  some  suspicion,  that  the 
unequal  density  of  light  does  nut  contribute  to  tiiis  effi-ct 
in  so  great  a degree  as  he  had  imagined  ; especially  as  he 
has  observed  that  even  Venus  does  soinetimt*s  twinkle. 
This  he  once  oUvrved  her  to  do  remarkably  when  shewas 
about  6 degrees  high,  though  Jupiter,  which  was  then 
about  16  degree's  high,  and  whs  svmsibly  less  luminous,  did 
not  twinkle  at  all.  If,  nutwiihslanding  the  great  number 
of  rays  which  doubtless  come  to  the  eye  from  such  a sur- 
face as  tfm  planet  presents,  its  appearance  be  liable  to  be 
aflected  in  this  manner,  it  must  be  owing  to  such  undula- 
lions  in  the  atmosphere,  as  will  probably  render  tiic  effect 
of  every  other  chusc  altogether  insensible. 

Musvchciibrot'k  suspects  (Intrud.  ad.  Phil.  Nat.  vol.  2, 
•cct.  1741,  pa.  707)  that  the  twinkling  of  the  stars  arises 
from  some  affection  of  the  eye,  as  well  as  the  stale  of  the 
atmosphere.  For,  says  he,  in  Holland,  when  the  weather 
is  frosty,  and  the  sky  very  clear,  the  stars  twinkle  most 
manifestly  to  the  naked  eye,  though  not  in  telescopes ; 
and  since  he  does  m»t  suppose  there  is  any  great  exhala- 
tion, or  dancing  uf  ihc  vapour,  at  that  time,  he  questions 
whether  the  vivacity  of  the  light,  affecting  the  eye,  may 
not  be  concerned  in  the  phenomenon. 

But  this  philosopher  mi^ht  have  satisfied  himst  If  with 
respect  to  this  hypothesis,  by  looking  at  the  stars  near  the 
aenilh,  when  the  light  traver-^es  but  a small  part  of  the 
atmosphere,  and  therefore  might  be  expected  to  affect  the 
eye  most  sensibly.  For  he  would  have  found  that  they 
do  not  twinkle  intiir  su  much  as  they  do  near  the  horizon, 
when  much  more  of  their  light  is  intercepted  by  the  atmo- 
sphere. 

Some  astronomer^  have  lately  oiidofivuured  to  explain 
the  twinkling  of  the  ti.sed  stars,  by  the  e.xtreme  minute- 
ness of  their  apparent  diameter ; so  that  they  suppose  the 
sight  of  thenois  intercepted  by  every  mote  that  floats  in  the 
air.  To  this  purpose  Ur.  ix>iig  observes  (.Astron.  vol.  I, 
pa.  170),  that  our  air  n«mr  the  earth  is  so  full  of  various 
kinds  uf  particles,  wiiicb  arc  in  coritinual  motion,  that 
some  one  or  other  of  them  is  perpetually  passing  between 
us  and  any  star  we  look  at,  which  makes  us  every  moment 
alternately  sec  it  and  lose  sight  of  it:  and  this  twinkling 
of  the  stars,  he  says,  is  greatest  in  th<r>e  that  are  nearest 
the  horizi>n,  bi'cause  they  are  viewt^  through  a great  quan- 
tity of  thick  air,  viberc  the  intercepting  particles  are  most 
Vot.  H. 


numerous ; whereas  stars  that  arc  near  the  zenith  do  not 
twinkle  so  much,  because  we  do  not  look  at  them  through 
so  much  thick  air,  and  therefore  the  intercepting  parti- 
cles, being  fewi-r,  come  less  frequenily  before  them.  With 
respect  to  the  planets,  it  is  observed  that,  UVause  they  are 
much  neater  to  u&  than  the  stars,  they  have  a sensible  ap- 
parent magnitude,  so  that  they  are  not  covered  by  the 
small  particles  floating  in  the  atmosphere,  and  therefore 
do  not  twinkle,  but  shi<H‘witb  a steady  light. 

The  fallacy  uf  this  hypothesis  appears  from  the  obser- 
vation of  Mr.  MichcK,  that  no  object  can  hide  a star  from 
us  that  is  not  large  enough  to  exceed  the  appaient  diame- 
ter of  the  star,  by  the  diameter  of  the  pupil  of  the  eye ; 
so  that  if  a star  were  even  a mathematical  point,  or  of 
no  diameter,  the  interposing  object  must  still  be  equal 
in  size  to  the  pupil  of  the  eye;  and  indeed  it  must  be 
large  enough  to  hide  the  star  from  both  eyes  at  the  same 
time. 

The  principal  cause  therefore  of  the  twinkling  of  the 
stars, is  DOW  acknowledged  tube  the  unequal  refracti«m  of 
light,  in  consequence  oi  inequalities  and  undulations  in  the 
atmosphere. 

Besides  a variation  iA  the  quantity  of  light,  it  may  here 
be  added,  that  a momentary  change  of  colour  has  like- 
wise been  observed  in  some  of  ihc  fixed  stars.  Mr.  Mel- 
ville (Edinb.  blssays,  vid.  2,  pa.hl)  asserts,  that  when  one 
looks  stedfaslly  at  Sirius,  or  any  bright  star,  not  much 
elevated  above  the  horizon,  its  colour  appears  not  to  be 
cunslaniiy  while,  but  as  tinctured,  at  every  twinkling,  with 
red  and  blue.  Mr.  Melville  could  not  entirely  satisfy  him- 
self as  10  the  cause  of  ibis  phenomenon  ; observing  that 
the  separation  of  the  colours  by  the  refractive  power  of 
the  atmosphere,  is  probably  too  small  to  be  perceived. 
Mr.  MicbcHs  hypothesis  almve-meniioned,  though  not 
adequate  to  the  explication  of  the  twinkling  of  the  stars, 
may  pretty  well  account  fur  this  circumstance.  For  the 
red  and  blue  rays  being  much  fewer  than  those  of  the  in- 
termediate colours,  and  iher^t  fore  much  more  liable  loin- 
equalities  from  the  common  effect  of  chance,  a small  ex- 
cess or  defect  in  either  of  them  will  make  a very  seotible 
difference  in  the  colour  of  the  stats. 

TYCHONIC  Syuem,  or  Hypothtsit,  is  an  order  or  ar- 
rangement of  the  heavenly  bodies,  of  an  inU'imediate 
nature  between  the  Coperiiican  and  Ptolemaic;  and  is  so 
called  from  itr  inventor  'I'ycho  Brah6.  Si*®  System. 

TVMPAN,  or  Ttmpanusi,  in  Architecture,  is  the  area 
of  a pediment,  being  that  part  which  is  on  a level  with  the 
naked  of  thefrize.  Orttis  the  space  included  between  the 
three  cornices  of  a triangulur  pediment,  or  the  two  cor- 
nices of  a circular  one. 

Tympan  is  also  used  Cur  that  part  of  a pedesul  called 
the  trunk  or  dye. 

Tympah,  among  joiners,  is  also  applied  to  the  paniicis 
of  doors. 

Tympan  qf  on  Jrch,  is  a triangular  space  or  table  hi 
the  corners  of  sides  of  an  arch,  usually  hollowed  and  en- 
riched, sometimes  with  branches  of  laurel,  olive-tree,  or 
oak ; or  with  trophies,  &c ; sometimes  with  flying  figures, 
as  fame,  fire;  or  sitting  figures,  as  those  representing  the 
cardinal  virtues. 

Tysipaw,  in  Mechanics,  is  a kind  of  wheel  placed 
round  an  axis,  or  cylindrical  beam,  oiythe  top  of  which 
are  two  levers,  or  fixed  staves,  for  more  losily  turning  the 
axis  about,  in  order  to  raise  a weight.  The  tympaDum  it 
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/noch  the  &ainr  with  th<;  prritrorhiiim ; but  that  (he  cy> 
tinder  of  the  aMs  of  the  pt'ritruchium  h roech  »hortcr  and 
im  than  the  cyiiiitier  ot  the  lympanuni.* 

TTMPANtTM  of  a naachinef  U also  used  for  a hollow 
wheel,  in  which  people  or  animals  walk,  to  turn  it;  »uch 
a»  (hat  of  some  cram  s,  calenders,  he. 


TYR,  In  the  Ethiopian  Calendar,  the  name  of  the  5th 
month  of  the  Kthiopian  year.  It  coniraenccs  on  the  25tb 
of  Decembei  of  the  Julian  year. 

*rV  SHAS,  araung  the  Eihiopiani,  (he  name  of  the  4th 
month  of  tbeir  year,  ciHsmciiCJiig  the  27(b  of  November 
in  the  Julian  year. 


U AND  V 


Is  a numeral  letter,  in  (he  Roman  numeration,  dc« 
^ noting  5 or  five.  And  with  a dash  over  the  top  thus 
V,  it  denoted  5000. 

VACl.'U.^I,  in  Physics,  a space  empty  or  devoid  of  all 
matter. — Whether  there  be  any  such  thing  in  nature  as  an 
absolute  vacuum;  or  whether  the  untversi*  be  completely 
full,  and  there  be  an'absf>lute  plenuip;  is  a question  that 
has  been  agitated  by  the  philosophers  of  all  ages.  • 

The  ancients,  in  their  conirovt  rsu's,  distinguished  two 
kinds;  a Vacuum  coacervatum,  and  a.Vacuum  Intersper* 
sum,  or  divseminatum. 

V’acttt'M  CwicenMitram,  is  conceived  as  a considerably 
large  space  destitute  of  matter;  such,  for  instance,  as  there 
would  be,  should  Ood  annihilate  alt  (he  air,  and  other 
bodies,  within  the  walls  of  a chambcr.<-~Tl>i;  existence  of 
such  a vacuum  is  maintained  by  the  Pyth.ignreans,  Kpi> 
Cureans,  and  the  Atumists  or  CorpU'Cnlarians ; most  of 
whom  assert,  that  sucK.a  vacuum  actually  exi»t«>  without 
the  limits  of  ibe  sensible  world.  Riii  the  modern  Corpu-- 
cularians,  who  hold  a vacuum  coacervatum,  deny  that  ap* 
pcIUtion;  as  conceiving  (hat  such  a vacuum  must  be  in- 
finite, eternal,  and  uiicn-ated. 

According  then  to  the  la^r  phih««opbers,  there  is  no 
vacuum  coacervatum  without  the  bminds  of  the  sensible 
world  ; nor  would  there  be  any  other  vacuum,  provided 
God  should  annihilate  divers  contiguous  Uidies,  thunwliat 
amounts  to  a mere  privation,  or  nothing;  thv  dimensions 
of  such  a space,  which  the  ancients  held  to  be  real,  being 
by  these  held  to  be  mere  negations ; that  is,  in  such  a place 
there  is  so  much  length,  breadth,  and  depth  Wanting,  as 
a body  mu't  have  (o  fill  it.  To  suppose  then,  that  when 
ill  the  matter  in  a chamber  if  annihilated,  there  should 
yet  1k>  real  dimensions,  is  to  suppose,  say  they,  corporeal 
dimensions  without  body;  which  is  absurd. 

Tho  Cartesians  however  deny  any  vacuum  coacervatum 
at  all,  and  assert  that  if  God  should  immediately  annihi- 
late all  the  niitref’.  for  example  in  a cbambiT,  .and  pre- 
vent the  ingrevs  of  any  other  matter,  the  consequence 
would  be,  (har  the  walls  would  become  contiguous,  and 
include  no  space  at  all.  They  add,  that  if  there  be  uo 
matter  in  a chamber,  the  walls  cannot  be  conceived  other- 
wise than  as  contiguous ; ihoac  things  bring  said  to  lie  con- 
tiguous, between  which  there  is  not  any  thing  intermediate: 
but  if  there  be  no  l>ody  between,  there  is,  >ny  they,  no  ex- 
tension betwi>en ; extension  and  body  being  the  same  thing: 
and  if  there  be  no  extension  between,  then  the  walls  are 
Contiguous,  and  where  is  the  vacuum  ? But  this  reason- 

ing, or  rather  quibbling,  is  founded  on  the  mistake,  that 
body  and  extension  are  the  same  thing. 

Vacuum  Diiseminatum,  or  iDterspenum,  it  (bat  sup- 


VAC 

posed  to  be  naturally  interspersed  in  and  among  bodies,  tn 
the  imerslict'S  Initween  ditlercnt  Uxlics,  and  in  the  pores 
of  the  same  body. — It  it  thiv  kind  of  vactimu  which  it 
chiefly  contested  ainung  (he  modern  philosophers ; the 
Corpusculariaus  strenuously  asserting  it ; uiul  the  IVripa- 
telics-aiid  Cartesians  as  tenaciously  drn)ing  it.  Sec  Cab* 
T£siAS  and  Lbibxitziax. 

’I'hc  great  argument  utged  by  the  R ripatetics  against  a 
vacuum  interspersum,  is,  that  there  an*  divers  bodies  fre- 
quently seen  to  move  CotiliMr)  to  tbeir  owo  nature  and  in- 
clination ; and  that  for  no  other  apparent  reason,  but  (o 
avoid  ■ vacuum : whence  (hey  conclude,  that  nature  abhura 
A vacuum  ; and  give  us  a new  class  id  motions  ascribed  to 
the  fugii  vacui  or  nature’s  flying  a vacuum,  buch,  they 
say,  is  the  rise  of  water  in  a syringe,  on  the  drawing  up 
of  the  piston  ; and  such  is  the  ascent  of  water  In  piiinps, 
and  the  swelling  of  the  flesh  in  a cupping  glass,  &c.— But 
since  the  weight,  elasticity,  \*r,  of  the  nir  have  bem  ascer- 
tained by  sure  experiments,  those  motions  an<i  effet  is  are 
universally,  and  jnstlyi  ascribid  lo  the  gravity  and  pres- 
sure of  the  Mlinosptiere. 

The  Curte«iatts  deny,  not  only  the  actual  existence,  but 
even  the  possibility  of  a vacuum  ; and  that  on  ibis  prin- 
ciple, that  extension  being  theeucnceof  mutter,  or  budy^ 
wherever  extension  is,  there  is  rouilrr ; but  mere  spa<;:e,  or 
vacuity,  is  supposed  to  bo  extemied  ; therefore  it  is  nm- 
tenal.  Whoever  asserts  an  empty  space,  say  (hey,  con- 
ceives dimensions  in  that  spaci*,  i.  e.  he  conceives  an  ex- 
tended substance  in  it ; and  thercfV*re  he  domes  a vacuum, 
at  the  same  tune  that  he  admits  it.— But  Uescarlcs,  if  we 
may  believe  sonie  accounts,  ivjected  a vacuum  from  a 
complaisance  to  tho  taste  which  prevailed  in  his  time, 
against  his  own  first  senffments;  and  among  his  familiar 
friends  he  used  to  call  hU  system  his  philosophical  ro- 
mance. 

On  the  other  hand,  the  corpuscular  authors  prove,  not 
only  the  possibility,  but  the  actual  e.aistence,  ofa  vacuum, 
from  divers  considerations ; particularly*  from  that  of  mo- 
tion in  general ; and  that  of  lb*  planets,  comets,  in 
particular;  as  also  from  the  fail  of  bodies;  from  the  vibra- 
tion of  pendulums;  from  rarefaction  and  condensation; 
from  the  different  specific  gravities  of  bo<iies;  and  also 
fruin  the  divisibility  of  matter  ima  parts. 

1,  First,  there  could  be  no  linear  or  progressive  motion 
without  a vacuum  ; for  if  all  space  were  tall  of  matter, 
no  body  could  be  moved  nut  of  its  place,  tor  want  of 
another  place  unoccupied,  to  move  into.  And  this  argu- 
ment was  stated  even  by  Lucretius. 

2.  The  motions  of  the  planets  and  comets  also  confirm 
a vacuum.  Thus,  Newton  argues,  **  that  there  is  bo  sucU 
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fluid  medium  b»  Mbrr,”  (lo  fill  up  the  porous  port*  of  bU 
irnsibic  budics,  aud  a piraumf)  **  probable  i 

bccau»4*  the  plaiiei*  and  cuok'Is  proceed  wiiU  to  rigular 
ami  lotting  a motion,  through  ibe  a lptial  tpaersi  Tor  hence 
it  appears  that  those  crle»tial  spaces  are  vuid  ol'  all  u’lv 
sible  resutance,  and  con'>rqucntiy  of  all  senaibic  inatlcr. 
Conacqui'nily  if  the  celratml  regions  wereasdrnsi-*a»\sat(*r, 
ores  quicksilver,  they  uould  n*si>t  alniott  as  much  asvsater 
or  quicksilver;  but  if  thfy  were  perfectly  dense,  without 
any  inteispem'd  vacuity,  though  ibe  matter  were  ever  so 
fluid  and  subtle,  they  would  resist  more  than  quicksilver 
does:  » perfectly  solid  globe,  in  such  a medium,  would 
lose  above  hall  its  tiiutimi,  in  moving  3 lengths  of  its  dia- 
meter ; and  a globe  not  perfectly  solid,  such  as  the  bodies 
of  the  planets  and  comets  are,  would  stopptd  still 
aooncr.  Therefore,  that  the  motion  of  the  plHoets  and 
comets  may  be  regular,  and  lasting,  it  is  necvssaiy  tliat 
the  celestial  spaces  be  void  of  all  matter;  r:icept  pi*rbapt 
aome  few  and  much  ian*lied  rllluvia  of  the  planets  and 
comets,  and  ihe  passing  rays  ot  light." 

3*  The  same  arcat  author  also  diHluces  a vacuum  from 
the  consid«  ration  of  the  weights  of  bodn^v;  thus:  **  All 
bodies iiboiit  the  earth  gntvilaTe  inwards  it;  and  the  weights 
of  all  btHlit  s,  equally  litslant  Irom  the  earth  s cviitn*,  are 
as  the  quantities  of  iimuer  in  those  bodies.  If  the  ether 
therefnre,  nr  any  other  subtile  matter,  were  allugetber 
disttrtiie  of  gravU),  or  did  gravitate  less  than  in  propor- 
tion to  the  quantity  of  iu  n .itter;  because  (as  Aristotle, 
Destarttv,  and  uthera,  arpu« ) it  differs  from  other  bodies 
only  111  ih-  1 'in  of  mailer  : the  samr  body  might,  by  the 
chii.igc'd  It)  t >riii,  gradually  la*ronvrrled  into  a body  of 
the  ».iine  roiDi:  .'i.tii'ii  wilU  those  which  gravitate  must  in 
pio|)<>rii.ui  t»  ti.c  q'  aiitiiy  of  matter:  and,  on  the  other 
hand,  (be  Inaviest  buHu*s  might  gradually  lose  their  gra- 
vilv,  t>y  gridually  cb  mging  their  form  ; nnd  so  (he  weights 
would  iiep«'iul  upon  the  forms  of  hodit'S,  and  might  be 
changed  with  them;  which  is  contrary  to  all  expi'riment/' 

4.  'I  he  descent  of  bodies  alM>  proves,  that  all  space  is 
not  equally  full ; fur  the  same  agihor  prncet-ds,  **  If  all 
spaces  were  equally  full,  the  speciflc  gravity  of  that  fluid 
with  which  the  n*gion  of  the  nir  would,  in  that  case,  be 
Ailed,  would  not  lie  less  than  the  speciflc  gravity  of  quick- 
tilver  or  gold,  or  any  other  the  most  ddnsc  body;  and 
therefore  neither  gold,  nor  any  other  body,  cuuld  descend 
in  It.  For  bodies  do  not  descend  in  a fluid,  unless  that 
fluid  be  speciflcally  lighter  than  the  body.  Rut  by  the 
air-pump  we  can  exhaust  a vessel,  till  even  a bit  of  down 
shall  fall  with  a velocity  equal  to  that  of  gold  in  the  open 
air;  aod  therefore  the  medium  through  which  this  feather 
falls,  must  be  much  rarer  than  that  through  which  the 
gold  falls  ill  the  other  case.  The  quantity  of  matter  there- 
fore in  a given  space  may  be  diminished  by  rarefaction  : 
and  wby  may  it  nut  be  diminished  ad  itifinitum  ? Add, 
that  we  conceive  ibraolid  particles  of  all  budirs  to  be  of 
the  same  density;  and  that  they  are  only  rareflable  by 
means  of  their  pores;  an^  hence  a vacuum  eviJrjitly 
follows.* 

5.  That  there  is  a vacuum,  is  evident  too  from  the 
vibrations  ol'  prndolums  : for  since  those  bodies,  in  places 
out  of  which  the  air  is  exhausted,  meet  with  no  n’sistoncc 
to  retard  their  motion,  or  shorten  their  vibrations ; it  is 
obvious  that  thi^reisnu  sensihio  matter  in  tbose  spaces,^  or 
in  the  occult  pores  of  those  bodies/' 

6-  That  there  are  interspersed  vacuities,  appears  from 
matter’s  being  actuail)  divided  into  parts,  and  from  ibe 


figures  of  those  parin;  for,  on  supposition  ot  an  absolute 
plenum,  wc  do  nut  conceive  bow  any  part  of  matter 
could  be  actually  divided  from  that  next  adjoining,  any 
more  than  it  is  possible  to  divide  actually  ibe  parts  of  ab- 
solute space  from  <msc  aaolbcr : for  by  ibe  actual  divisipn 
of  the  parts  of  a continuum  from  each  other,  we  con- 
ceive nothing  else  understood,  but  the  placing  of  (Hose 
parts  at  a dislancv  fmm  one  another,  which  in  the  con- 
tinuum were  at  no  distance  asunder:  but  such  divisions 
between  ibu  parts  of  matter  must  inqily  vacuities  bctweTii 
thim. 

7.  .4'v  for  the  figures  of  the  parts  of  busies,  on  the 
suppusiliun  of  a plenum,  they  must  either  be  all  recti- 
linear, or  ail  concavo-convcx ; otherwise  they  woulti  not 
adequately  fill  space;  which  we  do  nut  find  to  bv  true  in 
fact. 

b.  The  denying  a vacuum  supposes  what  it  is  impossi- 
ble for  any  one  to  prove  to  lie  true,  via,  that  the  material 
world  has  no  limits. 

However,  we  arv  tuld  by  some,  that  it  is  impossible 
to  conceive  a vacuum.  But  (bis  surety  roust  procenl 
from  ibeir  having  imbibed  Uescoitrs’s  doctriiK*,  that  the 
csaancc  of  body  is  constituted  by  exieusion ; a>  it  would 
be  contradictory  lo  suppose  s|>are  without  extension. 
To  suppose  that  tb(  rc  are  fluids  penetrating  all  bodies  and 
repieiiisbing  space,  which  neither  resist  nor  act  pn  b«)diea, 
merely  in  order  to  avoid  admitting  a vacuum,  is  feigning 
two  kinds  of  matter  without  any  tucessity  or  foundaiioii; 
oris  tacitly  giving  up  the  question. 

Since  ihen  (he  essence  of  matter  does  not  consist  in 
extension,  but  in  solidity,  or  impenetrability,  the  uni- 
verse may  be  said  to  consist  of  solid  bodies  moving  in  a 
vacuum  : nor  nerd  wc  at  all  fear,  lest  the  phriiomena  of 
nature,  most  of  which  are  plausibly  accounted  for  from 
a plenum,  should  become  inexfdicable  when  ibo  pleni- 
tude is  set  aside.  The  principal  ones,  such  as  the  tides; 
the  tus(H*nsiun  of  the  mercury  in  (he  barometer ; the  mo- 
tion ol  the  heavenly  bodies,  and  of  light,  Ac,  are  more 
easily  and  satisfactorily  accounted  for  from  other  prin- 
ciple*. • 

Vacuum  Boileanum,  b used  to  express  that  approach 
lo  a real  vacuum,  which  wc  arrive  at  means  of  the  air> 
pump.  I hus,  any  thing  put  in  a receiver  so  exhausted, 
is  said  to  be  put  in  vacuo:  and  (but  most  of  the  experi- 
ments with  tna  air-pump  are  said  to  bv  performed  in  va- 
cuo, or  in  vacuo  Boileano. 

Some  of  (he  principal  phenomena  observed  of  bodies 
in  vacuo,  are;  that  the  heaviest  and  lightest  bodies,  as 
golii  and  a feather,  fall  with  equal  velocity  :->that  fruits, 
as  grapes,  cherries,  peaches,  apples,  Ac,  kept  fur  any 
time  in  vacuo,  retain  their  nature,  fi^hness,  colour,  \c, 
and  those  withered  in  (he  open  air  recover  their  plump- 
nesa  in  vacuo  :~hi11  light  and  fire  become  immcdteiely  ex- 
tinct in  vacuo  :-^littIc  or  no  sound  is  heard  from  a 1x11 
rung  in- vacuo:— a bladder  half  full  of  air,  will  distend 
the  bladder,  and  lifl  up  40  pound  weight  in  vacuo:— 
must  animals  soon  expire  in  vacuo. 

By  experimeau  made  in  1704,  Dr.  Derham  found  (hat 
animals  which  have^two  ventricles,  and  no  foraratm  ovale, 
as  birds,  dogs,  cats,  mice,  Ac,  die  in  less  than  half  a mi- 
nute ; counting  from  the  first  exsuciion  : a mole  Jicfl  in 
one  minute ; a bat  lived  7 or  8.  Insrets,  as  wasps,  bees, 
grasihop|)ers,  Ac,  laemed  dead  in  two  minute* ; but  after 
being  lelt  in  vacuo  S^.iioure,  they  came  to  life  again  in 
the  open  air:  snails  OMUiBoed  24  boon  in  vacuo*  with- 
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out  appeurihj;  much  alfeclfii.— Seeds  planted  in  vacuo  dn 
not  grow : Snmli  beer  diif,  and  ait  us  laste,  in 

vacuo:  and  air  rushing  through  mvreury  Into  a vacuum, 
throws  the  mercury  in  a kind  ut  shower  opontbe  receiver, 
ami  product's  a cn-tit  light  m a dark  rormi. 

The  air-pump  cun  never  produce  a perfect  vacuum  : 
as  i»  evident  tVom  its  structure,  and  the  manner  «f  its 
working:  in  effect,  every  exsuction  only  takes  a>vay  u 
pan  of  the  air;  so  that  ihetc  ta  still  vouiv  left  after  any 
finite  number  of  exsuciiuiis.  For  the  air-pump  has  no 
longer  any  effect  but  while  the  spring  of  ilic  air  rrmumiiig 
in  the  receiver  is  able  to  lift  up  the  valves;  and  v^hm  the 
rarefaction  is  come  to  that  degree,  you  can  artive  no 
nearer  to  a vacuum : unless  perhaps  the  air  vaUen  run 
be  opened  mechunicaliy,  indcpt-ndciit  of  the  spring  of  the 
air,  as  it  is  said  (hey  arc  in  voine  newly  improved  air- 
putnps. 

TorrictitianVACWUf  is , that  made  in, the  barometer 
tube,  betwi'cn  the  up|K?r  end  and  the  lop  of  the  mercury. 
This  is  probably  never  a perfect  and  entire  vacuum  ; as 
all  fluids  arc  found  to  yield  or  to  rise  In  elastic  vap«>ur$, 
on  the  removal  of  the  pressure  of  tbe  atmosphere.  See 
ToiiRiCBLLi  AN,  and  Barometer. 

VALVE,  in  Hydraulics,  Pneumatics,  6rc,  is  a kind  of 
lid  or  cover  to  a tube  or  vessel,  contrived  to  open  one 
way  ; but  which,  the  more  forcibly  it  is  pressed  the  other 
way,  tbc  cIosit  it  shuts  the  aperture  : so  that  it  either  ad* 
inits  tbe  entrance  of  a fluid  into  the  tube,  or  vessel,  and 
prevents  its  return ; or  permits  it  to  escape,  and  prevents 
its  re*en(rance. 

Valves  are  of  great  use  in  the  air-pump,  and  other 
wind  roachiru's:  in  which  they  arc  usually  luade  of  pieces 
of  bladder.  In  hydraulic  engines,  as  the  emboli  of 
pumps,  they  are  mostly  of  strong  leather,  of  a round 
figure,  an<)  fitted  to  shut  the  apertures  of  the  barrels  or 
pipes.  Sometimes  they  are  made  of  two  round  pieces  of 
leather  enclosed  between  two  others  of  brass ; having 
divers  perforations,  whicii  are  covered  with  another  piece 
of  brass,  moveable  upwards  and  downwards,  on  a kind  of 
axis,  which  goes  through  tbe  middle  of  them  alt  Some- 
times tb^y  are  made  of  brass,  covered  over  with  leather, 
and  furnishi'd  with  a fine  spring,  which  gives  way  upon 
a force  applied  against  it;  but  on  (he  ceasing  of  that, 
returns  the  valve  over  the  aperture.  See  Pump.  See 
also  Dcsagulicrs’  Cxper.  Philos,  vol.  2,  pa.  )o6‘,  and 
pa.  1 80. 

VANt^  in  a ship,  &c,  a thin  slip  of  some  kind  of  mat- 
ter, placed  on  high  in  the  open  air,  turning  easily  round 
nn  an  axis  or  spindle,  and  veered  about  by  the  wind,  to 
show  its  direction  or  course. 

Vaveh,  in  Mathematical  or  Philosophical  Instru- 
ments, are  sights  made  to  slide  and  move  upon  cross- 
staves,  fore-staves,  quadrants, &c. 

V.APOUR,  in  Meteorology,  a watery  exhalation 
raised  up  either  by  the  heat  of  the  sun,  or  any  other 
heat,  as  fire,  &c.  Va|K>ur  is  considered  as  a thin  vesicle 
of  water,  or  other  humid  matter,  filled  or  inflated  with 
air;  which,  being  rarefied  to  a certain  degree  by  the  ac- 
tion of  beat,  ascends  to  some  height  in  the  atmosphere, 
where  it  is  suspended,  till  it  returns  in  form  of  rain,  snow, 
or  the  liker  An  assemblage  of  a number  of  particles  or 
vesicles  of  vapour,  cunstituU's  what  is  called  a cldud. 

Some  use  the  term  vapour  indifferently,  for  ail  fumes 
emitted,  either  from  moist  hodh^,  as  fluids  of  any  kind  ; 
or  from  dry.  bodies,  as  lulpbur,  Ac.  But  Newton,  and 


other  authors,  bettrr  Histingui*h  lictween  humid  and  dry 
fumes,  calling  the  hitter  exhalations. 

For  ih<'  manner  in  which  vapours  art  raised,  and  again 
precipitateda  see  Cloi^u,  Ucw,  H41X,  Bauumeter,  and 
particuiarly  Evaporation* 

It  may  here  be  added,  with  respeewto  tbe  principles  of 
solution  kdopled  to  account  for  evaporation,  and  largely 
illustrated  under  that  arliclr,  that  L)r.  Hulloy,  about  the 
b«:4imting  of  the  18th  century,  seems  to  have  been  ac- 
quainted with  the  solvent  power  of  aironvvau-r;  fur  he 
says,  that  supp«»Mng  the  eartll  to  be  covered  vtUh  wau-r, 
and  the  sun  to  move  diurnaliy  round  it,  the  air  would  of 
itself  imbibe  a certain  quantity  of  aqueous  vapours,  ami 
relHin  them  like  salts  dissolved  in  water;  and  that  the  air 
uariued  by  the  sun  would  sustain  a greater  proporiioo  of 
vnpoun,  us  warm  water  will  bold  mure  dissolved  salts  ^ 
which  would  be  discharged  in  dews,  similar  to  the  pteci- 
pitaiion  of  salts  on  tbe  cooling  of  liquors.  Piulos,  Trans, 
vol.  3. 

Mr.  Ecles,  in  1755,  endeavoured  to  account  for  tlie 
ascent  of  vapour  and  exhalation,  and  their  suspension  in 
the  atmosphere,  by  means*  of  the  electric  fire.  Tbe  sun, 
he  acknowledges,  is  the  great  agent  in  detaching  vapour 
ami  exhalations  from  their  masses,  whether  he  acts  im* 
metliaiely  by  bimsr  lf,  or  by  his  rendering  the  electric  tiro' 
more  active  in  its  vibrations:  but  their  subsequent  ascent 
he  attributes  entirely  to  tbeir  being  rendered  specifically 
lighter  than  tbe  lower  air,  by  their  conjunction  with  elec- 
trical fire : each  particle  of  vapour,  with  the  electrical 
fluid  that  surrounds  it,  occupying  a greater  space  than 
the  same  weight  of  air.  Mr.  EeUs  also  endeavours  to 
show,  that  tbe  ascent  and  dcact^nt  of  vapour,  alleoded 
by  this  fire,  are  the  cause  t»f  all  the  winds,  and  that  they 
fumbh  a satisfactory  solution  of  the  gi*nciai  phenomena 
of  tbc  weather  and  barometer.  Philos.  Trans,  vol.  49, 
pa.  124. 

Hr.  Darwin,  in  1757*  published  remarks  on  the  theory 
of  Mr.  Eeles,  with  a view  of  confuting  it;  and  attempt- 
ing to  account  for  the  ascent  of  vapours,  bv  considering 
the  p<»wer  of  e.xpansion  which  the  consliluvml  parts  of 
some  bodies  acquire  by  beat,  and  also  that  some  bodies 
have  a greater  alfinity  to  heat,  or  acquire -it  sooner,  and 
retain  it  longer,  than  others.  On  these . principld,  he 
thinks,  it  U easily  understood  bow  water,  whose  parts  ap- 
pear from  the  aeolipile  to  be  capable  of  immeasurable  ex- 
pansion, should  by  heat  alone  bveume  specifically  lighter 
than  tbe  common  atmosphere.  A small  d^ree  of  heat  is 
sufficient  to  detach  or  raiNC  the  vapour  of  ^ter  from  the 
moss  to  which  it  belongs;  and  tbc  rays  of  the  sun  com- 
municate heal  only  to  those  bpdics  by  which  they  are 
refracted,  reflected,  or  obstructed;  whence,  by  their  im- 
pulse, a motion  or  vibralioo  is  caused  in  the  parts  of  such 
bodies.  Hence  be  infers,  that  the  sphericlvs  of  vapour 
will,  by  refracting  tbe  solar  rays,  acquire  a constant  heat, 
though  the  surrounding  atmosphere  remain  cold.  If  it  be 
asked,  how  clouds  arc  »upp<>rted  in  the  nbseuce  of  tbe 
sun  f it  must  be  remembered,  that  large  masses  of  va- 
pour roust  for  a considerable  time  retain  much  of  the 
beat  they  have  acquired  in  the  day  ; at  the  same  lime  re- 
flecting how  small  a quantity  of  heat  was  neci-ssary  to 
rai^e  them,  and  that  doubtless  even  a less  will  be  sufficient 
to  support  them  ; as  from  the  diminished  pressure  of  the 
atmosphere  at  a given  hf-ight,  a less  power  may  be  able 
to  continue  them  in  their  present  slate  of  rarefaction  ; 
and  lastly,  that  clouds  of  particular  sbapai  will  be  sus- 
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tarrMHi  or  clcvacr<)  by  the  moilon  they  Acquire  from  winds. 
Philus.  Trans  f«il.  50,  pa.  24-b. 

Thr  quantity  o(va|KJur  raised  fiom  (be  sea  by  (be  warmih 
of  (be  sun,  must  be  far  greater  than  is  curninonly  ima> 
ginrd.  Dr.  tlailcy  has  altcmpted  loostiuatcii.  Fur  (be 
result  of  Ills  calculations,  klrApuaaTXtiN. 

For  the  uf  Va(M>ur  in  the  Forraatioti  of  Springs, 
5tc,  see  bpaixo,  and  River. 

VAHFNIUSfHbRN AUO),a  learned  Dutch geographvr 
and  physician,  of  the  17th  ci'Dtury,  who  was  author  of 
ilic  best  iiialhemaiical  trratMV  on  Gi'ugraphy,  imitled, 


several  of  the  terms  which  express  that  law.  llie  origin 
of  this  calculus  isimputed  Iq  the  circumstance  uf  certain 
problems  concernina  the  maxima  and  minima  of  quanii* 
ties  having  been  pru|H)sed  by  John  fiernuulti,  to  the  ma- 
thematicuns  of  Fun»pe.  Such  a problem  was  that  im 
which  it  was  requited  to  (ind,  of  all  curvi^  passing  through 
twu  fixed  points,  ami  situated  in  the  same  vertical  plane, 
that  along  which  a body  would  descend  from  the  highest 
to  the  Itiwcst  point  in  the  least  time  possible. 

The  hrst  geometricians,  remarking  that  nothing  was 


Grographia  Univers^ilis,  in  qua  atfeciiunes  genvralis  lei 
luris  explicanlur.  This  excellent  work  has  been  tram- 
Uted  into  all  Unguai;(*«,  and  was  honoured  by  an  edition, 
with  improvements,  by  Sir  Isaac  Newton,  for  the  use  of  **  t •*"  were  three  vertical  Rlncissat,  undy,  y. 


obtained  by  putting  the  diSvreiilial  of  the  lime  = o. 

V • 

found  ibut  they  could  obtain  a solution  by  making  (he 
lime  a minimum  for  turosucccasiveelemenUoftbc  curve  : 


bis  academical  students  at  Cambridge. 

VAIUARLE,  in  Geometry  aad  Analytics,  is  a term  ap- 
plicti  b)  tBatbeniaticiaiis,  to  such  quantities  as  are  con> 
sidvred  lu  a vartablr  or  changeable  state,  either  increase 
iog  or  decreasing.  Tbu«,  the  abscisMS  and  ordtnaU*s  of 
an  eilipsia,  or  otbef  ^urvo  line,  are  variable  quantities ; 
because  these  vary  or  change  their  magnitude  together, 
the  one  at  (be  same  time  with  the  other.  But  some  quan- 
tities may  be  variable  by  themselves  alone,  or  while  those 
connected  with  them  arc  conotani : as  the  abscisses  qf  a 
parallelogiain,  whose  ordinates  may  be  considered  as  all 
equal,  and  iheirfote  constant.  AUo  the  diameter  of  a 
circle,  and  the  parameter  of  a conic  section,  are  constant, 
while  their  absciwaare  variable. 

Vanabtc  quantities  are  usually  denoted  by  (he  last  let- 
ters of  (he  alphabet,  e,  y,  r,  &c  : while  the  constant  ones 
are  denoted  by  the  leading  letters,  a,  5,c,  Arc.  Some  au- 
thors, instead  of  variable  and  constant  quantities;,  use  (he 
terms  flurnl  and  stable  quantities.  The  induAniteiy  small 
quantity  by  which  a variable  quaiiliiy  is  continually  in- 
creased or  decreased,  m very  small  portions  of  lime,  is 
called  the  diflerenual,  or  increment  or  decrement  of  that 
quantity.  .And  the  rate  of  its  increase  or  dcccrase  at  any 
point,  is  called  its  fluxion;  while  the  variable  quantity 
itself  is  called  the  fluent.  And  the  calculation  of  these, 
is  the  subject  of  the  new  Methodus  Diflercntialis,  or  Doc- 
trine of  Fluxions. 

VAUIaBLF.  .Motion,  in  Mixhanics,  is  that  motion 
of  a body  wbi-o  subject  to  the  continual  action  of  a force 
which  changes,  or  is  different  at  every  instant.  Wc  have 
instances  uf  variable  motion,*  in  the  unbending  of  springs : 
though  the  velocity  continues  to  he  augmented,  yet  the  de- 
grees by  which  the  augmentation  proceeds  are  diminish- 
ing. It  is  the  same  with  regard  to  the  degrees  by  which 
the  motion  of  a ship  arrives  at  unilurmily : the  action  of 
the  wind  on  the  sails  diminishes  in  proportion  as  the  v*etsel 
acquires  greater  velocity,  because  the  action  of  the  wind 
varies  as  the  difference  between  its  velocity  and  that  of  the 
sail  on  which  it  acts. 

For  an  illustration  of  the  different  natures  of  constant 
and  variable  accilcrating  motions,  see  tbe  art.  Acctle* 
ra/ioii. 

VARlATION,q/’a«an/iVies,in  Algebra.  Sec  Charges, 

and  CoMBiVATiOR. 

Calculus  qf  VARiATtOR9^»  that  by  which,  having 
given  an  expression  or  function  containing  two  or  more 
variable  quantities,  whose  relation  is  expressed  by  a de- 
terminate law.  we  fiad  what  that  function  becomes  when 
tbe  law  itself  is  supposed  to  experience  any  variation  to- 


y~ , the  corresponding  ordinates,  the  time  would  be  ex- 
pressed by 


V^- 


» M)*  •¥  (y‘  — » * 


diffc'rentidl  of  which  being  taken,  and  put  =*  o. 


(he 
gave  R 
A,  R constant 


resuking  equation  2_ — 

quRnUly ; tod  hrnce  proved  the  curve  to  be  R cycloid. 
—Euler,  with  far  greater  Moalyiicul  knowledge  than  John 
Bernoulli,  next  treated  these  problems  in  a general 
manner,  in  hU  tract  cntitleti,  **  Meihodu*  ioveniendas 
lineas  curvat  maximi  miiiimivc  pruprietate  gaudeulrs; 
sivc  soluiio  problematis  isoperimetricalalissiino  leiisu  ac- 
cept!." .M.  Lagrange  afterwards  gave  grvater  generality 
to  this  calculus,  by  making  variable  nut  oulyy, 

UCy  but  also  X.  * 

The  explanation  of  Af.  Lacroix  afl^rds  os  clesir  an  idea 
of  the  calculus  of  variations  os  any  that  we  arc  ac- 
quainted with. 

**  Suppose,"  sa)*s  be,  **  the  variable  quantities  at  flrst 
connected  together  by  an  equation,  or  by  any  other  dr- 
pv’ndrnce,  to  change  by  reason  of  the  form  of  tlie  equa- 
tion, or  of  the  relation  that  results  from  the  dependence 
establisbetl  between  them  ceasing  to  bo  the  same ; this 
circumstance  cannot  be  expressed  m a more  guvral 
manner,  than  by  regarding  tbe  tncremeiits  of  x andy  as 
absolutely  independent  of  each  oiber;  since,  in  effect,  this 
hypotbesia  not  designating  any  particular  relation  betwei*n 
X and  y,  comprt'hends  all.  It  follows  thence,  that  the 
calculus  of  variations  can  only  be  employed  for  expres- 
sions, to  which  tbe  differential  calculus  has  already  U'cn 
applied ; and  it  differs  from  the  last  only  by  the  inde- 
pendence which  it  supposes  between  tbe  variable  quanti- 
tics|  which  before  were  considered  as  connected  by  con- 
stant relatiouf.  The  following  example  will  illustrate 
this  notion.  The  expreosiorf which  belongs  to  the 

subtangent  of  a curve,  represents  a determinate  function 
of  X,  wheny  is  considered  as  a function  whose  composi- 
tion in  terms  ofx  is  known  : and  if  this  last  changes,  the 
flrst  changes  also.  There  will  be  perhaps  some  dilhcully 
in  conceiving  how  wc  can  submit  to  calculation  the  varia- 
bility of  a function  which  is  only  the  abstract  |^*pcndcnce 
in  which  several  quaiilities  are  with  regard  to  each  other: 
but  this  difficulty  is  removed,  by  considering  that  the  con- 
oeclion  between  the  quaniitiesy  and  x changes  if  the  flht 
be  |oade  to  vary  independently  of  the  second.  Thus,  in 
the  exam|)lu  before  us,  if  wc  suppose  x to  remain  the 


same,  and  y aud  ^ to  change,  the  relation  between  x and 
definitely  small,  occasioned  by  the  variation  of  one  or  of  y must  necessarily  have  changed  also,  since  these  quaiitt- 
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lift  tr«  the  tnum'diatr  cunscqucncct  of  that  relation : 
iu  the  form  may  alone  be  made  to  vary,  tince  it 

^ ify  •'  ■ 

^iepends  only  on  one  value  ofyr:  but,  if  an  exprestion 
•ifected  by  the  sign  / (denotini*  ibe  integral  of  that  ex- 
pression) be  cmsideicd,  y and  ^ must  be  made  to  vary 

at  the  same  time;  for  it  follow*  from  the  tbeoiy  for  the 
formation  of  integrals,  that  the  value  ut  a like  tuiiction  dc*- 
pc-udt  on  (he  conticutive  vuluce  of  y,  which  are  deduced 

from  those  of 


nation,  at  a mean  distance  between  the  sun  end  the  earth, 
to  be  35*  10^:  at  the  other  distances*  the  greatest  varia- 
tion is  in  a ratio  compounded  of  the  duplicQte  ratio  oPthe 
times  of  the  moon's  synodical  revolution  directly,  arid  the 
iriplicate  ratio  of  (be  distance  of  the  sun  from  (he  earth 
inversely.  And  therefore  in  ijie  sun's  Mpogee,  the  great* 
est  variation  is  35*  14**,  and  in  his  perigee  37^  1 1** ; pro- 
vided that  the  eccentricity  ol  (he  sun  bt*  to  the  transverse 
semidianieter  of  (heorbis  magnus,  as  ^ 1000.  Of, 
taking  the  mean  motions  of  the  mtM»n  from  llte  sun,  as  they 
are  stated  in  Dr.  Halley’s  tables,  then  the  gr«  atcsl  variation 
at  the  mean  distance  of  tbe  earth  from  the  sun  will  be 


**  It  is  evident  that,  to  lake  under  this  point  of  view  35'  7",  jn  the  aptigee  of  the  sun  dd'  '27"*  and  in  bis  perigee 
the  differenual  of  any  expressiun  whatever,  it  is  sufficient  51^  NhI.  Princ.  pr.C9,  lib.3. 

Co  make  y,  d*y,  vary  without  altering  jr ; but  in  V'amahox /i/’f^ero/ftrc,  is  tbe  rate  ai  which  is  varied 
Creating  lids  latter  quantity  a*  variable  as  the  ArsC,  we  ar-  the  curvature  of  »ny  curve,  tjxcept  that  ul  the  circle, 
rive  at  results  mure  general  and  symmetrical  than  what  which  is  coii»lant. 


arc  oCherwisc  obtained,  and  which  lead  to  very  inten  sting 
remarks  on  tbe  nature  uf  the  differential  forms.  For  tliese 
reasons,  we  shall  adopt  in  this  chapter  the  method  of 
making  r,  ify,  d*y  vary.  That  the  symbols  of  this  new 
spccii's  of  differentiation,  in  which  x andy  are  considered 
as  independent,  may  not  be  confounded  with  the  symbols 
of  the  first,  in  which  one  of  the  variable  quantities  is  re- 
garded as  a function  of  tbe  other,  we  shall  employ,  alter 
the  manner  of  I.agrange,  the  characteristic  I ; and  we  shall 


suppose,  with  him,  that  when  y chang«^  only  by  virtue  of 
tbe  change  of  x.  which  becomes  x di,  its  differetitial  is 
djf : but  that  when  tbe  relation  of  y and  x varies,  these 
t«|0  quantities  become  respectively  x ^r,  y •<-  4y ; 
and  we  note  by  the  name  of  variations,  the  increments  ^x 
and  9y. 

**  Hence  it  follows  that,  as  du  = ^dx  ^dy,(u  being 

a function  of  x and  y)  so  ?u  sa  ^ 4x  ^Jy. 


**  In  applying  this  to  the  example  ~ we  must  regard 

^ as  a function  of  x and  y ; whence  it  results  that 
,ydr  drty  */dr.  , djWr  — dxidy 

foi-  grfx  5=  dSXf  Sdy  = dSjf  — " 


M.  Lacroix  then  proves  tdx  s dis*  5cc.  After  the 
methods  for  finding  the  variations  of  any  function  what- 
ever, is  given  the  application  of  the  calculus  to  the  pro- 
bk-ms  of  maxima  and  minima. 


Variatiok,  in  Astronomy— The  Variation  oPthe 
Moon,  called  by  BulUald.  the  Reflection  of  her  UglK,  is 
the  third  inequality  observed  in  the  moon's  motion  ; by 
which,  when  out  of  tbe  quadratures,  her  (rue  place  dif- 
fers from  her  place  twice  equated.  See  Place,  Kqua- 
Tioir,  &c. — Newton  makes  the  moon’s  variation  to  arise 
partly  from  the  form  of  her  orbit,  which  is  an  ellipsis; 
and  partly  from  (he  inequality  of  the  spaces,  which  the 
moon  di*scribes  in  equal  times,  by  a radius  drawn  to  tbe 
earth.  ' 


To  ^nd  the  Greatest  Variation.  Observe  t^e  moon’s  ton- 
giiude  in  the  octants;  an/1  to  the  timeofobservMion  com- 
pute the  moon’s  place  twice  equated  ; then  tbe  diflerence 
between  the  computed  and  ob^rved  place,  is  the  gre  atest 
variation. 


Tycho  makes  the  greatest  variation  iff  dO^;  and  Kep- 
ler makes  it  51'  4^’',  — But  Newton  makes  the  greatest  vg- 


Vakiatiok,  in  Geography,  Navigation,  fik,  a U ta 
applied  to  tiu.*  d'^vinlion  of  the  magnetic  needle,  or  com- 
pass, fn>m  tlie  true  north  point,  cither  towards  the  cast  or 
west ; called  aUo  (he  declination.  Or  the  vjiiution  of 
the  ci»mpnfii  is  properly  defined,  the  angle  which  a mag 
netic  neeille  frerjy  suspended  makes  with  the  nieridiim  line 
on  an  hurixontnl  plane;  or  an  arch  of  the  horixun,  com- 
pirhended  lielweeii  the  true  and  the  magnetic  mcridtans. 
In  the  S4*a-language,  the  variation  is  usually  called  north- 
casting,  or  north-west:ng. 

All  magnetic  bodlen  are  found  to  range  (beinkrlvct,  la 
some  sort,  according  to  (he  ro<‘ridiuii ; but  iliey  ^>Iduni 
agree  precisely  with  it:  in  oiu'  place  they  diN  lini,  Irom 
the  noith  toward  the  cast,  in  another  toward  tbe  west; 
and  that  nni  differently  at  diffen  nt  times. 

I’hc  variation  of  the  compass  could  not  long  remain  a 
secret,  after  tbe  invention  of  the  compass  itself : accord- 
ingly FerrIinunH,  the  son  of  Columbus,  in  his  life  written 
in  bpanish,  and  printed  in  Italian ^t  Venice  in  1571,  as- 
sr-rtH,  that  bis  father  observed  it  on  (be  14th  of  September 
I4t)4:  though  others  seem  t4>  attribute  the,  discuvery  of 
it  to  Sebastiiin  Cwb«>r,a  Venetian,  employed  in  the  sv'rvice 
of  our  king  Henry  VII,  about  the  year  1500.— It  nowap- 
pears  however,  that  this  variation  or  declination  of  the 
needle  was  known  even  some  centuries  earlier,  though  it 
does  not  appear  thivt  the  usetnf  the  needle  itself  io  navi- 
gation was  then  known.  For  itscems  there  is  in  the  libra- 
ry of  the  university  of  Leyden,  a small  manuscript  tract 
on  the  magnet,  in  Latin,  written  by  one  Peter  Adsiger, 
bearing  date  tbe  8ihof  August  in  which  the  decii- 

ualiuu  of  tbe  needle  is  particularly  meiitiorved.  Mr.Ca- 
valio  has  printed  the  chief  part  oi  this  letter  in  the  Sup- 
plement to  hisTreatUeon  Magnetism,  with  a trunslation  ; 
and  it  is  (o  be  vtished  he  had*  printed  the  whole  of  so  cu- 
rious a paper.  The  curiosity  of  this  letter,  says  Mr. Ca- 
vallo,  cuusisis  in  its  containing  almost  all  that  is  at  present 
known  on  the  subject,  at  hast  the  mtwt  n^markable  parti 
of  it,  mixed  however  with  a good  deal  of  absurdity.  7'he 
laws  of  magnetic  attraction,  and  of  the  comtnuni^iiun  of 
that  power  to  imn,^lhr  directive  prop*rry  of  the  natural 
nuigner,  as  well  as  of  tbe  inm  that  has  been  touched  by  it, 
and  even  the  declination  of  the  magnetic  needle,  arc  clearly 
and  unequivocally  roentiuimd  in  it. 

As  this  variation  differs  in  different  places,  Gonxales 
d’Oviedi  found  there  was  none  at  the  Azores;  whence 
some  geographers 'ihoi^bt  fit  in  ihetr  majw  to  make  the 
first  meridian  pass  through  one  of  these  islands ; it  not 
beiDg  then  known  that  the  variation  altered  in  lime, 


Macnkt;  alto  Gilbert  de  Magncte,  Ldnd.  l600.  pa.  4 and 
5 ; ur  Furcha&’»  Prlgnrov,  Lond.  l6^3»  book  3,  »ect.  K 

VMriuus  arc  the  hypotheses  that  have  been  framed  to 
account  for  this  extraordinary  phenomenon:  we  shall 
only  notice  soioc  of  the  later,  and  more  probable:  Just 
premising,  that  Ritberl  Norman,  the  ineentor  of  the  dip> 
ping*i»eedle,dnpuresagainitCortcs'tf%otion,  that  the  varia- 
tion was  caused  Jhy  a point  in  the  facavnia;  contending 
that  it  should  be  sought  for  in  the  earth,  and  proposc'S  how 
Co  discoyer  its  place.  • 

The  Hrsl  is iliat*of  Gilbert  (De  Magnele,  lib.  4,  p4.  151 
dec),  which  is  fulluwod  by  Cubeus,  iic.  Tins  notion  is, 
that  it  is  the  earth,  or  land,  that  diuws  the  needle  out  of 
its  meridian  direction  : hence  they  argue,  that  the  needle 
varied  more  or  less,  as  it  was  more  or  less  distant  from  any 
^r(*ai  continent;  and  const quently  that  rf  it  were  placed 
in  the  middle  of  an  ocean,  equally  distant  from  equal 
tracts  of  land  on  each  side,  eastward  and  westward,  it 
would  not  decline  either  to  the  one  or  the  ntNhr,  but  point 
exactly  north  and  south.  'Hius,  s^y  they,  in  the  Asores 
islands,  which  are  equally  distant  from  Airica  on  the  east, 
and  America  on  the  west,  there  is  no  variation  : but  as 
yr)U  oail  frtrm  thence  towards  Africa,  the  m-i'dlr  begins  to 
drclioo  toward  the  lasI,  and  that  still  more  and  more  till 
you  reach  the  shore.  Proceed  still  farther  liiHtward,  the 
declination  gradually  diminishes  again,  by  reason  of  the 
land  left  behind  on  the  west,  which  continues  to  draw  the 
pee<llr.  The  same  also  obtains  till  you  arrive  at  a place 
where  the  tracts  of  land  on  each  «ide  are  equal ; and  there 
again  the  variation  will  be  nothing.  But  the  misfortune 
is,  the  law  docs  not  hold  universally  ; for  multitudes  of 
observations  of  the  variation,  in  iHflrrent  parts,  matle  and 
collected  by  Dr.  Huiloy,  overturn  the  whoh*  theory. 

Othvra  therefore  have  recourse  to  the  frame  and  corn- 
pages  of  the  earth,  considert'ti  as  intt  npersv^d  with  rocks 
and  shelves,  which  being  generally  found  to  run  i<iwards 
thr  polar  p*gions,  the  needle  comes  to  have  a general  ten- 
dency that  way ; bOi  it  seldom  happen'^  that  their  direction 
is  exactly  in  the  meridian,  and  the  needle  has  consequent- 
ly, for  the  must  pari,  S4»mc  vanation. 

Others  maintain  that  diveis  parts  of  the  earth  have  dif- 
ferent degrees  of  the  magnetic  virtue,  as  some  are  m<m*  in- 
termixed with  lieterogeiieotu  matters,  which  prevent  the 
free  action  or  eflect  of  ii,  than  others  are. 

Olliers  again  ascribe  all*to  magnetic  p>cks  and  iron 
mines,  which,  utfording  more  of  the  magnetic  mutter  than 
other  paru,  attract  or  draw  the  needle  more. 

Lastly,  others  iroiqfinc  that  earthquakes,  or  high  tides, 
have  disturbed  and  dislocated  several  considerable  parts 
of  the  earth,  and  so  changed  the  magnetic  axis  of  the  globe, 
which  was  onginaily  the  same  with  the  axis  of  the  earth 
itself. 

But  none  of  these  Uieoricv  can  be  the  true  one  ; for  still 
that  great  phenomenon,  the  variation  of  the  variation,  i.  e. 
the  eontinual  cbaugtf  of  the  decliiiHtion,  in  one  and  the 
same  pUce,  is  nut  accountable  lor,  on  any  of  iliese  foun- 
dations, nor  is  it  even  consistent  with  them. 

Doctor  Himke  communicated  to  the  Royal  Society,  in 
l67  4,  a theory  of  the  variation ; the  substance  of  which  is, 
that  the  magnet  has  its  peculiar  pole,  distant  10  degrees 
from  the  pule  of  thr  earth,  about  which  it  moves,  so  as  to 
make  a rcrolutionin  S70  years:  whence  the  variation,  he 
says,  has  altered  of  late  about  10  or  11  minutes  every 
year,  and  will  probably  so  continue  to  do  for  some  lime, 
when  it  will  begin  to  proceed  slower  and  slower,  till  at 


length  it  become  stationary  and  retrograde,  and  so  return 
bacK  ogam.  Birchs  Ht^i.  of  the  Royal  Society,  vul. 3, 
pa.  131. 

Dr.  Halley  has  given  a new  system,  the  irsuit  of  nume- 
rous observations,  and  even  of  a number  of  voyages  made 
at  the  public  cxp<‘nce  on  this  accrjiint.  7*he  light  which 
this  author  has  thrown  upon  this  obscure  part  of  natural 
history ,*is  very  great,  and  of  important  consequence  in  na- 
vigation, &c.  In  this  system  he  has  reduced  the  several 
variations  in  divers  places  to  a precise  rule,  or  order,  which 
before  appeared  quite  precarious  and  arbitrary.  His 
theory  will  ihcreforr  dc$4*rvc  a more  ample  detail.  The 
observations  it  is  built  upon,  as  laid  down  in  the  Philoa. 
Trans.  No.  148,  or  Abr.  vot.  2,  pa.6'J4,  are  as  follow*: 
Observed  V ftruui^n*  pf  tke  Seedle  in  divers  p/ac0,  and  at 
dwseri  times. 
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uf  ibe  magncltc  virtue  ihrotigboul  the  whole  globe  of  the 
certb.  It  it  then  shown  how  tbit  hypothesis  accounts 
fur  all  the  variatioDS  that  have  been  ubtorviKl  of  late,  and 
how  it  answers  to  the  teveml  remarks  drawn  from  the 
table.  It  is  there  inferred  that  from  the  whole  it  appears, 
that  the  direcuou  Af  the  needle,  iu  the  temperate  and 
frigid  tones,  dependipcbiefly  cm  the  counierpoisc  of  the 
forces  of  tw^naguatic  pole>  of  the  same  nature  : as  also 
why,  under  the  same  meridian,  the  variation  sh^tuld  be 
in  one  place  degrees  west,  ^d  in  another  20^  de* 
grcwriul.  * 

Id  the  torrid  tone,  and  particularly  about  the  t qualor, 
respect  must  be  had  to  all  the  four  poles,  and  their  posi* 
litms  roust  be  well  considered,  otherwise  it  will  not  be 
easy  to  determine  what  the  variation  should  be,  the  noaresc 
|M>le  Mng  always  at^ng^;  yet  so  however  aa  to  be 
•oropuroes  counfc-rbtbmcfdoy  the  united  forces  of  two 
fnoni  WDie  oiwte*  Thus,  in  tailing  from  St.  Helena,  by 
' the  isle  of  Ascensloo,  to  the  equator,  on  the  north-west 
course,  the  variatioo  Is  very  little  easterly,  and  unalter- 
ably the  same  ill  that  whole  track ; because  ibc  boiith- 
AroericaA*pole  (which  it  m^ch  the  nearest  in  the  alore- 
.said  places)*  requiiia||  A great  easterly  variation,  ** 


On  these  observed  variations  Dr.  Halley  makes  several  counterpoised  by  the  contrary  attraction  of  the  North* 
femarks,  as  to  the  variation  in  diderent  parts  of  the  world  Americin  and’  the  Asiatic  south  pules;  each  of 
Vl  ^e  time  of  his  writing,  eastward  and  westward,  and  the  which  singly  it,  in  these  parts,  weaker  than  (he  Arne 
5|ft|ptiuu  and  direction  of  the  lines  of  places  of  no  varia*  rtcan  sou^  pole;  and  ofl  the  north-west  course  the 
from  the  whole  be  deduces  the  following  theory.  distance  fn>m  this  latter  is  very  little  varied  ; .and  as  you 
Dr.HulU^*t  Theory  qf  the  Varvuion  <tf  l£r  Magnetic  mede  from  tbd  Asiatic  south-pole,  the  balance  is  si|tl 
'lltat  the  whole  globe  of  the  earth  is  one  great  preserved  by  an  accem  toward  the  North-Araerican  pole, 
magnet,  having  four  magnetical  poles,  or  points  of  attrac*  Tn  this  cate  no  notice  is  taken  of  the.  Europ<*an  north 
don;  near  each  pole  of  the  equator  two;  and  that  in  pole;  its  meridian  being  a Iitt|c  removed  from  ihemrri* 


those  poits  of  the  world  which  lie  nearly  ftdj  icent  to  any 
one  nf  these  magnetic  polos,  the  needle  is  governed  by 
it;  the  nearest  pole  being  always  predominant  over  the 
laore  reroute. 

. The  pole  which  at  present  is  nearest  to  us,  he  conjec- 
tures to  lie  in  or  near  the  meridian  of  the  Lantrs-end  of 
Kngland,  and  not  above  7°  from  the  north  pole:  by  this 
pole,  the  variations  in  all  Europe  and  Tartary,  and  the 
North  Sea.  are  chicHy  governed  ; though  still  with  some 
regard  to  the  other  noriliern  pole,  wbi»se  situation  is  in 
the  meridian  pus>tng  ubuiit  the  middle  of  Caltiurnia,  and 
about  13^  from  the  north  pole  nf  the  world,  to  which 
the  needle  has  chieHy  ix's|M'Ct  in  all  North  America,  and 
in  the  two  oceans  on  either  side  of  it,  from  the  Ason-s 
westward  to  Japan,  and  farther.  ^ 

The  two  souuierii  magnetic  poles,  he  imagines,  are  ra- 
ther more  distmi  from  the  south  p<de  of  the  world  ; the 
one  being  about  l6^  from  it,  on  a meridian  20^  (o  the 
westward  of  the  MugclUiiic  Stieighls,  or  9^^  friiin 
London  : ihii  pole  cuThmands  the  needle  in  all  South 
America,  in  ibe  Pacitic  Ocean,  and  the  greati*st  pari  of 
the  bthiopic  0(ean.  The  other  magnetic  pide  seems  to 
have  the  grcaicsi  power,  and  the  largest  dominion  of  all, 
as  it  is  the  most  reroute  fruro  the  pule  u(  the  world,  being 
little  less  than  20°  distant  fruro  it,  in  the  meridian  which 


dians  of  these  places,  and  of  itself  requiriqg  the  same 
variations  which  ere  here  found. 

After  the  same  tnaoncr  may  ibe  variations  in  other 
places  about  the  equator  be  accounted  for,  upon  Dr. 
Halley's  bjpolheMt. — But  still  ibis  will  do  nothing  as  to 
accounting  fur  the  continOal  variation  or  change  of  the 
declination,  in  the  same  place. 

7b  obtcTve  the  Vnrianon  q/“  the  SetdU. — Draw  a roeri- 
diam  line,  as  directed  under  Mkhidian  ; then  a stile  be- 
ing erected  in  the  middle  of  it,  place  a needle  upon  it,  and 
draw  (he  right  line  which  it  hangs  over.  7'hus  will  the 
quantity  of  the  variation  appear. 

Or  thus : As  the  furmer  mi  thod  of  hndiug  the  varia- 
tion cannot  be  applied  at  sea,  othera  have  hcen  devised, 
the  principal  of  which  nu-  as  follow,  buspend  a thread 
and  plummet  over  the  compass,  till  the  shadow  pass 
through  the  centre  of  the  card;  obtiTvc  the  rhumb, 
or  point  of  the  compass  which  the  shadow  touclivt 
when  it  is  the  shurlesu  For  the  shadow  is  then  a 
meridian  line ; and  consequently  the  vanatiun  is  deier- 
minod. 

Or  thus  : Observe  the  point  of  the  compuu  on  which 
the  sun,  or  some  star,  ri*es  and  k^s;  bisi-ct  the  arch  in- 
tcrcept«*d  between  the  rising  and  setting  points,  and  the 
line  of  bisection  will  be  the  meridiun  line;  consequently 


passes  thmugli  New  Holland,  and  the  island  Celebes,  the  variation  is  had  as  hefon*.  'I'hc  same  may  also  be 
nlx>ut  120°  east  from  London:  this  pole  is  predominant  obtained  from  two  equal  altitudes  uf  the  same  star,  ob- 
in  the  south  part  of  Africa,  in  Arabia,  and  (he  Red  S<  a,  served  cither  by  ilay  or  night.  Or  thus : Observe  the 

rhumb  upon  which  the  sun  or  star  rises  and  setsi  and 
from  thelulilude  of  the  place  find  the  eastern  or  western 
ampliUtdl^s  4bf  the  didbrence  between  the  amplitude,  and 
the  dutaace  of  the  rhumb  obseivcd,  from  the  eastern 
rhumb  of  the  card,  is  the  variation  sought. 


in  Persia,  India,  and  its  isluiuls,  and  all  over  the  Indian 
sea,  from  the  Cape  of  Gooil  Hope  eastward,  to  the 
middle  of  the  Gnat  South  Sea  that  divides  Asia  from 
America. 

Such,  he  observes,  seems  to  be  the  prest'iit  disposition 
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Or  thus : Observe  th6  altitude  of  (he  sun,  or  H)(ne  star 
s,  whose  declination  is  known;  and 
note  the  rhumb  ii)  the  compass  to  . _ 

which  it  then  corresponds.  'I'hcn  ^ ^ 

in  the  triangle  zp$,  are  known  three  ' ■ 

sides,  via,  pz  the  cd-latitude,  PS  (be  [ 

co-declination,  and  zs  the  co-alti- 
tude; the  angle  rzs  is  thence  found  by  spherical  trigono> 
*xnetry ; tbe  supplement  to  which,  viz  AZa,  is  the  axiinuih 
from  the  south.  Then  the  ditfere^nce  between  theuzirautb 
and  the  obst'rved  distance  of  the  rhumb  from  the  south, 
is  the  variation  sought.  Sec  Atimuth  Compass. 

The  use  of  the  variation  is  to  correci.llie  courses  a ship 
has  steered  by  tbe  compass,  which  must  always  be  done 
before  they  are  worked,  or  calculated. 

V'ariayion  of  the  Vurictiont  is  a gradual  and  continual 
change  in  the  \ariatinn,  observed  in  any  place,  by  which 
the  cjuniiiiiy  of  the  variation  is  found  to  be  difforeiit  at 
dilferent  limes. 

This*\ariation,  according  to  Henr)' Bond  (in  his  Longi- 
tude Found,  Lund.  1670,  ;>a.6),  wfti  (irst  found  to  de- 
crease by  Sir.  John  Mair;  ‘Jdly,  by  Mr.  Edmund  Gun- 
ter: 3dly,  by  Mr.  Henry  Gellibrand;  -ithly,  by  myself 
(Henry  Bond)  in  16  K)  ; and  lastly,  by  Dr.  Robert  Hooke, 
and  others,  in  1665 which  they  found  nut  by  curapat- 
ing  together  observations  made  ai  the  same  place,  at  dif- 
ferent times.  The  discovery  was  soon  known  abroad ; 
for  Kircher,  in  his  treatise  entitled  Magnes,  first  printed 
at  Rome  in  1641,  says  that  our  countryman  Mr.  John 
Gri'aves  had  informed  him  of  it,  and  then  he  gives  a let- 
ter of  Mersenne's,  containing  a distinct  account  of  it. 

This  continual  change  in  tbe  variation,  is  gradual  and 
universal,  as  appears  by  numerous  observations.  Thus, 
the  variation  was,  at  Paris, 


in  1350  - 8"  O'a 
in  16*40  - 3 Oe 
in  1 66*0  - 0 0 
jn  i68I  -2  2w 
Jn  1759  - 18  lOw 
in  1760  - 18  20w 
in  1794  - 21  54w 

in  1798  -22  15  w 
in  1799  - 22  Ow 
in  1800  - 22  12w 
in  1 KOI  - 22  1 w 

in  IS02  - 21  45  w 
in  1803  - 21  59w 
in  1804  - 22  J5w 
in  1810  - 22  l6w 


the  variation  towards  the  conclusion  appearing  obviously 
to  vacillate  about  a limit.  M.  dc  )a  Landc  (Kxposilioo 
da  Calcul  Astronomiqu^  observes,  that  tbe  variation 
has  chiingi’d,  at  Paris,  2fr  20'  in  the  space  of  150  years, 
allowing  that  in  I6IO  the  vamtioii  was  8^  k : and  since 
1740  the  needle,  which  was  always  usthI  by  Maraldi,  is 
more  than  3**  advanced  toward  the  west,  beyond  what 
it  was  at  that  period;  which  is  .a  change  after  the  rate 
nearly  <*f  94'  P^r  year. 

At  Cape  d'Agulbes,  in  1600,  it  bad  no  variation; 
(whence  the  Portuguese  gave  it  that  name) ; 

in  1622  It  was  2®w 
in  1675  - 8 w 

in  1692  • 11  w 

which  is  • change  of  nearly  8’  per  year. 

Vox,.  II. 


At  St.  Helena,  thevariatiun,  in  I600  was  8^  O'e 
in  l6?3  -6  Oc 
in  1677  - 0 40  E 
in  1692  - 1 Ow 

which  is  a change  of  nearly  5|^  per  year. 

At  Cape  Comorin,  the  variation,  in  1620  was  14®20'w 
in  168O  - 8 44w 
• in  1688  - 7 30w 
which  is  a change  of  nearly  64'  |>er  year. 

At  London,  the  variation,  in  I580was  11^15'c 

in  1622  • 6 Oe 
in  1634  -45c 
in  1657  - 0 0 
in  1672  - 2 30w 

• in  l6<>2  - 6 Ow 

in  1723  - 14  17W 
in  1747  - 17  40W 

in  1780  - 22  41  w 
in  1812  - 24  16  w 
which  till  1780,  is  a change  after  the  rate  of  10' per  year. 
But  in  the  32  years,  flora  1780  to  1812,  the  change  was 
only  1^  35',  being  only  at  the  rale  of  3'  a year.  See 
Philos.  Trans.  No.  148  and  No.  383,  and  also  vol.45, 
pa.  2H0,  and  vol.  6*6,  pa.  HpJ*  On  the  subject  of  the 
variation,  S4H*  also  Norman’s  New  Attractive  l6l4;  Bur- 
rows's Discovery  of  the  Variation  15SI  ; Bond's  Longi- 
tude Found  1676;  &c. 

Mr.  Thomas  Harding,  in  the  Tr.'insactions  of  the  Royal 
Irish  Academy,  vol.  4,  has  given  observations  on  the 
variation  of  the  magnelic  ruH'dlo,  at  Dublin,  which  arc 
rather  c.xiraordinary.  He  says  the  change  in  the  varia- 
tion at  that  placo  is  uniform  ; that  from  the  year 
1657,  in  which  the  variation  was  nothing  (the  same 
as  at  L<indon  in  that  year),  U has  been  gping  on  at 
the  raertium  rate  of  12’ 20^  annually,  and  was  in  May 
1791,  27° 23'  west;  exceeding  that  at  London  now 
by  3 or  4 degret's.  He  brings  proof  of  his  assertion  of 
the  uniformity  of  the  variation,  from  dilTcrcnt  authentic 
records,  and  states  the  operations  by  which  it  is  calcu- 
lated. He  concludes  with  recommending  accuracy  in 
marking  the  existing  variation  when  maps  arc  made,  at 
not  only  conducing  to  the  exact  definition  of  boundaries, 
but  as  laying  the  best  foundation  for  a discovery  of  the 
longitude  by  sea  or  land. 

Theory  of  the  Variation  qf  the  fnria/ion.-— 'According  to 
Dr.  Halley’s  theory,  this  change  in  tbe  variation  of  the 
compass,  is  supposed  owing  to  the  difference  of  velocity 
in  the  motions  of  the  internal  and  external  parts  of  the 
globe.  From  the  observations  that  have  been  cited,  it 
scorns  to  follow,  that  all  the  magnctica)  poles  have  a mo- 
tion westward,  but  yet  not  exactly  almut  the  axis  of  the 
earth,  for  then  the  variations  would  continue  the  same  in 
the  same  parallel  of  latitude,  contrary  to  experience. 

Frutn  the  disagrccmenl  of  sucli  a supposition  with  ex- 
periments therefore,  tbe  learned  author  of  the  theory  in- 
veuted  the  following  hypothesis:  The  external  parts  of 
the  globe  ho  considers  as  the  shell,  and  the  iiilcrnal  as  a 
nucleus,  or  inner  globe;  and  between  the  two  he  conceives 
a fluid  medium.  That  inner  earth  having  the  same  com- 
mon centre  and  axis  of  diurnal  rotation,  may  revolve 
with  our  earth  every  24  hours:  oAly  the  outer  sphere 
having  its  turbinating  motion  somewhat  swifter  or  slower 
than*  the  internal  ball;  and  a very  Qiinutc  difference  in 
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k*njith  of  timet  by  niatiy  rep«(itiof»t  becoming  veimbic ; 
themternRi  parts  ^vili  gradually  recode  from  tUocxterimIt 
and  they  will  appear  to  movi\either eastward  or  westward, 
by  tho  ditTert-nce  of  ihrir  motions.  * 

Now,  supposing  such  an  internal  sphere,  having  ^uch 
a motion,  the  two  great  difticuilii'S  in  the  former  hypo* 
thc«iv  are  easily  solved  ; for  if  this  exurior  shell  of  earth 
be  u magiu  t,  having  its  pole  at  a disiniice  fri>m  the  poles 
of  diuinal  rotation  ; ami  if  flic  internal  nucleus  be  like- 
wise u luagiH't,  having  its  poles  in  two  other  places,  di- 
stant also  fium  the  axis;  and  these  latter,  by  a slow  gi*a> 
dual  motion,  chnti^^  their  place  in  respect  of  the  external, 
a it'usoiubie  account  may  then  be  given  of  the  four  mag- 
nctical  |Hih's  liefore  mentioned,  aml&l$r>of  tbaciiang«'s  of 
the  n<Tdle*s  variation. 

The  nuthor  -thinks  that  two  of  Ihcic  poles  arc  lixed, 
apd  the  other  two  moveable  ; vin,  that  the  fixed  poles  arc 
the  poles  of  the  external  cortex  or  shell  of  the  earth  ; 
and  the  other  the  poles  of  the  magnetical  nucleus,  in- 
cludiHl  nml  moveable  within  the  former.  From  the  ob- 
servuilons  be  infers,  that  the  motion  is  westward,  and 
consequently  that  the  nucleus  has  not  prccnely  attained 
the  same  velocity  with  the  cxlerlur  parts  in  their  diurnal 
r*>iution;  but  so  very  nearly  equals  it,  that  in  res'olu- 
lions  the  differt  nre  is  scarcely  sensible. 

Thai  there  is  any  difflTcnce  of  this  k'nd,  arises  from 
hence,  (hat  the  impulse  by  which  ibe  diurnal  motion  was 
imprnueJ  on  (he  earth,  was  given  to  the  external  parts, 
and  from  tbimcc  in  time  communicated  to  the  internal ; 
but  so  as  not  yrl  perfectly  to  equal  the  velocity  of  the  first 
motion  impressed  on  the  su}>crftcial  parts  of  the  glolse, 
and  still  preserved  by  them. 

As  In  the  prt*cls<'  periiid,  observations  arc  wanting  to 
determine  it.  though  the  author  thinks  we  may  reasonably 
Conjecture  that  thu  American  pole  has  moved  wesiwanl 
46^  in  .90  years,  and  that  its  whole  period  is  performed 
in  about  700  years. 

Mr.  Wliistoii,  ih  his  New  Laws  of  .Magnetism,  raises 
several  objeciions  again't  (his  theory.  Sic  tMAGXETi;<)i. 

M.  Kuler  too.  the  son  of  the  celebrated  tnaibemaiiciun 
of  th.st  name,  has  controverted  and  censured  Dr.  Halley's 
iht-ory.  He  thinks,  that  isvo  magnetic  poles,  ptnctxl  on 
tbc.Hurfaco  of  the  earth,  will  sufficiently  account  ftir  the 
variatimii:  and  he  then  endeavours  to  show,  how  wc  may 
determine  the  declination  of  the  needle,  at  any  lime,  and 
on  every  part.of  the  globe,  from  this  hypotheMs. 

Euler  first  examines  the  case  in  which  the  two  mag- 
netic poles  arc  diametrically  oppo>itv;  'id,  he  pixel's  them 
ill  the  two  opposite  meridians,  but  at  unequal  distances 
from  the  poles  of  the  world  ; 3d,  he  places  them  in  the 
same  meridians  ; finally,  he  considers  them  situated  in 
Iwo'differenl  meridians.  These  four  cases  may  become 
equallv  important;  because  if  it  is  determined  that  there 
are  only  two  magnetic  poles,  and  that  these  poles  change 
their  situHtiims.  it  may  some  lime  hereafter  bediscuvoted 
that  (hey  pass  through  all  thedifTereDt  positions. 

Since  the  needle  of  the  Compass  ouglil  always  to  be  in 
the  plane  which  passes  through  the  place  of  observation 
and  two  magnetic  poles,  the  problem  Is  reduced  to  the 
di-cowry  of  tho  angle  containeil  between  this  plane  and 
the  plane  of  the  meridian.  .M.  Euler,  after  having  exa- 
mined the  different  env’’^,  finds  that  they  aUo  express  the 
earth's  magnetism,  represented  in  the  chart  published  by 
Messrs,  ^luulltainc  and  Dodson  in  17*i4,  particularly 


throughout  Europe  and  North  America,  jf  (he  followiing 
principles  arc  cvtablishetl  ; vix,  Between  tlie  arctic  |K>ltf 
ami  the  magnetic  ]>nle  14^  53^;— 'beluecn  the  antarctic 
pole  ami  ihe  oth*<  r magnetic  pole  29°  the  angle  at 

the  north  pole,  formed  by  the  meridians  posting  through 
the  two  magnetic  poU-s  53°  lb';— The  longitude  of  the 
meridian  iihidi  pasirca  over  (he  nurthern  magnetic 
pole  C50'. 

As  llie  observations  which  have  been  collecleil,  vvith  re-* 
gnrd  to  the  variiition,  are  fur  the  most  )>art  loose  and  in- 
accurutf,  it  is  impt^sibie  to  represent  tbein  all  with  pre- 
cision; and  the  great  variations  observed  in  the  Indian 
ocean  seem  t«  r<  quire,  says  Kuler,  that  the  first  three 
quanlitit's  should  b^  14,35,  and  6'5  di*grec».~-Nec  Caveilu's 
Tii'ativeon  Magiii-tism,  pa.  117. 

In  the  memoir  of  Mi'avrs.  Biot  and  Humboldt,  “ On  the 
vnriutions  of  ihc  terrestiiul  magnetism  in  difffrcni  lati- 
tude-,*' the  pn«ition  of  the  magnetic  equator  is  dcler- 
niiiir-d  from  dmx:t  oliservaiions.  The  inclination  of  the 
plane  of  lids  circle  to  the  astronomioil  equator,  is  stated 
to  be  10*  3»'  56",. its  occidental  node  on  that  equator 
b<'ing  at  120”  2' 5"  longitude  west  from  Paris,  the  other 
node  at  59'  57^  55"  east  of  Paris.  'I  he  poiniv  where  the 
axis  of  the  magnetic  equator  pierces  the  earth’s  surface, 
are,  the  northern  jwiint  at  79^  P 4'  north  Ul.  and  3d®  2^  5" 
w cst  lung,  fioni  Paris ; (he  southern  point  is  situatetl  in 
the  same  latitude  »«iUtb,  and  149°  lung, 

fi'oiii  Paris. 

Variation  of  the  Needle  by  Heat  and  Cold^  otherwise 
called  the  Diurnal  or  Dai'y  Variution.—*Vhcrv  is  a small 
variation  of  the  variation  of  the  magnetic  needle,  ainuunl- 
iug  only  to  a few  minuU'S  of  fi  degr^T  in  the  same  place, 
at  different  hours  of  the  same  day,  which  is  only  discover- 
able by  nice  obHTvations.  Mr.  George  Graham  made 
several  observations  of  this  kind  in  (be  years  1722  and 
1723,  profmlng  himself  altugrtlier  ignorant  of  the  cause 
of  the  phenomt  ua  hr  observed.  Philos.  Trans.  No.  383. 

Ab<*ut  the  year  1750,  .Mr.  Wargentin,  secietary  of  the 
Swedish  Academy  of  Sciences,  took  notice  both  of  (he  re- 
gular dtunml  viinaiion  of  the  needle,  uml  also  of  its  being 
disturbed  at  the  lime  of  the  aurora  bori'alis,  as  recorded 
in  the  Philos.  Trans,  vnl.  47,  pa.  I2ff. 

About  the  year  1756,  Mr.Cnnum  commenced  a series 
of  obsiTvattoiis,  amounting  to  near  4000,  with  an  e.vcel- 
lent  variation-coropRss,  of  about  9 inches  diameter.  1'he 
. number  of  days  on  which  these  observations  were  made, 
was  603,  and  (he  diurnal  variation  on  574  of  them  wns 
regular,  so  as  that  the  absolute  variation  of  the  needle 
wt-stward  was  increasing  from  about  8 or  9 o’clock  in  the 
morning,  till  about  I or  2 in  the  afiernooit,  when  the 
needle  became  staiionary  for  some  time  ; after  that,  the 
absolute  variation  westward  was  decreasing,  and  the  needle 
came  back  again  to  its  former  situation,  or  nearly  so,  in 
the  night,  or  by  tho  next  morning.  The  diurnal  vahatiun 
is  irregular  when  thcpeedlc  moves  slowly  eastward  in  (be 
latter  pan  of  the  morning,  or  westward  in  the  latter  part 
of  the  afternoon;  also  when  it  moves  much  either  w'ay 
after  night,  or  suddenly  both  ways  in  a short  lime.  These 
irregularities  seldom  happen  more  than  once  or  twice  in  a 
month,  and  are  always  accompanied,  as  far  as  Mr. Canton 
observed,  with  an  aurora  borealis. 

Mr.  Canton  lays  down  and  evinces,  by  experiment,  the 
following  principU’,  viz,  that  the  attractive  power  of  the 
magnet  (whether  natural  or  artificial)  will  decr^uc  while 
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tlie  magnet  u heating,  and  increaic  while  it  ii  cooling. 
Hu  then  proceeds  to  account  for  both  the  regular  and  ir« 
regular  variation.  It  is  evident,  he  says,  that  the  magnetic 
parts  of  the  earth  in  the  north,  on  the  east  side  and  on 
the  west  side  of  the  magnetjc  mendmn,  equally  attract 
the  north  end  of  the  ncH’dIc.  If  then  the  cusUtii  magnetic 
parts  be  heated  faster  by  the  sun  in  the  morning,  ih^  the 
western  parts,  the  needle  will  move  westward,  and  tw  ab- 
solute variation  will  increase:  when  the  attracting  parts 
of  the  earth  on  eacii  side  of  the  magnetic  meridian  have 
their  heat  utercosing equally,  the  needle  will  be  stutiotuiry, 
«nd  the  absolute  vanulion  will  then  be  gteutest : but  w hen 
(he  wcstein  magnetic  parts  are  citlicr  beating  faster  or 
cooling  slower  tlian  the  eastern,  the  m’vdle  will  move 
eilitward,  or  the  absolute  variation  will  decrease;  and  when 
the  eastern  ami  western  mncm  iic  parts  are  cooling  equally 
fast,  the  needle  will  again  be  stationary,  and  the  absolute 
variation  will  then  be  a minimum. 

By  this  theory,  the  diurnal  variation  in  the  summer 
ought  to  exceed  that  in  winter ; and  accordingly  it  is 
found  by  observation,  that  the  diurnal  variation  in  the 
months  of  June  and  July  is  almost  double  uf  that  in  De- 
ccinlier  and  January. 

I'he  irregular  diurnal  variation  must  arise  from  some 
other  cause  than  that  of  heat  commumcated  by  the  sun  ; 
and  here  Mr. Canton  has  recourse  to  sublerntiiean  heat, 
v^hich  is  generated  without  any  regularity  as  to  time,  and 
which  wilt,  when  it  happens  in  the  north,  affect  the  at- 
tractive power  of  the  magnetic  purls  of  the  earth  on  the 
north  t'ud  of  the  needle.  That  the  air  nearest  the  earth 
will  be  must  warmed  by  the  heat  uf  it,  is  obvious;  and 
this  has  been  often  noticed  in  the  morning,  before  day,  by 
means  of  thermometers  at  different  distances  frutn  the 
ground,  l^ilos.  Trans,  vol.  48,  pu.526. 

Mr.  Canton  has  annexed  to  his  paper  on  this  subject,  a 
complete  year**  observations;  from  which  it  appears,  that 
the  diurnal  variation  increases  from  January  to  June,  and 
decreases  from  June  to  December.  Philos.  Trans,  an.  175p, 
pa.9p8.  Abridg.vul.il,  pa.  421. 

U has  also  been  ol>verved,  that  difTort  nt  needles,  espe- 
cially if  touched  with  different  loadstones,  will  didt  r a few 
minutes  in  their  variation.  See  Poleni  Kpist.  Phil.  Trans. 
No.  i2l. 

Dr.  Ijorimer  (in  the  Supp.  to  Cavallo’s  Magnetism)  ad- 
duces some  ingenious  observations  on  tliissubji'Ct.  It  must 
be  allowed,  says  he,  according  to  the  observations  of  se- 
veral ingenious  gentlemen,  that  the  collective  magnetism 
of  this  earth  arises  from  the  magnetism  of  all  the  ferrugi- 
nous bodies  contained  in  it,  and  that  the  magnetic  poles 
should  therefore  be  considered  as  the  centres  of  the  powers 
of  those  magnetic  substances.  These  poles  must  therefore' 
change  tlicir  places  according  as  the  tnugiHiism  of  such 
substances  i»  afli-cted  ; and  if  with  Mr.  Canton  we  atlun*, 
that  the  g(*n>  rul  cause  of  the  diurnal  variation  .irisea  from 
the  sun's  heat  in  the  foienoon  and  afternotin  of  the  same 
day,  it  will  naturally  occur,  that  the  same  cause,  being 
continued,  may  be  sufficient  to  produce  the  genenil  vti- 
ri.'ition  of  the  magnetic  needle  fur  any  number  of  years. 
For  w<j  must  consider,  that  ever  since  any  attentive  obser- 
vations have  been  made  on  this  subject,  the  natural  direc- 
tion of  the  magnetic  needle  in  E,uro[»c  has  been  conslanrly 
moving  from  cast  to  west,  and  that  m other  parts  of  the 
world  it  has  continued  its  motion  with  equal  constancy. 

As  we  must  therefore  admit,  says  Dr.  Lorimer,  that  the 
heal  in  the  different  seasons  depends  chiefly  on  the  sun, 


and  that  the  months  of  July  and  August  are  commonly 
the  hottest,  while  January  and  February  are  the  coldest 
months  of  the  year;  and  that  the  temperaiure  of  the  other 
months  falls  into  the  respective  intermediate  degrtus;  so 
wc  must  consider  the  inflnrncr  of  heat  upon  magnetism  to 
operate  in  the  like  manner,  virr,  that  for  a short  lime  it 
scarcely  manifests  itKlf ; yet  in  the  course  of  a century, 
the  constancy  and  regularity  of  it  becomes  sufficiently  ap- 
parent. It  would  therefore  be  idle  to  suppose,  that  such 
an  influence  could  be  derived  from  an  uncertain  or  for- 
tuitous cause.  But  if  it  be  allowed  to  depend'  on  the  con- 
stancy of  the  sun's  motion,  and  this  appears  to  be  a cuuv' 
sufficient  to  explain  the  phcnoaiena,  we  should  (agriuabiy 
to  Newton’s  flrsi  law  of  philosophizing)  look  no  faiiher. 

As  we  therefore  consider,  says  he,  the  magnetic  power* 
of  the  earth  to  be  concentrated  in  the  magnetic  poles,  and 
that  there  is  a diurnal  variation  of  the  magnetic  noinilo, 
these  poles  must  ^ert'orm  a small  diurnal  revolution  pro- 
jiuriional  to  such  variation,  and  re  turn  again  to  the  same 
point  nearly.  Suppose  then  that  (ha  sun  in  his  diurnal 
revolution  passes  along  the  northern  tropic,  or  along  any 
parallel  of  latitude  between  it  and  the  equator;  when  be 
comi*s  to  that  meridian  in  which  the  magnetic  pole  it 
situated,  he  will  be  much  nearer  to  it,  than  in  any  otheri 
and  in  the  opposite  meridian  he  will  of  course  be  the  far- 
thest from  it.  As  the  influence  of  the  sun’s  heat  will 
therefore  act  most  povicrfully  at  the  least,  and  le>s  for- 
cibly at  the  greatest  distance,  the  magnetic  pole  will  con- 
sequently describe  a figure  something  of  the  elliptical  kind ; 
and  as  it  is  well  known  that  the  greatest  heat  uf  the  day 
*i$  some  time  after  the  sun  has  passed  the  meridian,  the 
longest  axis  of  this  elliptical  figure  will  lie  north-easterly 
in  the  northern,  and  south-easterly  in  the  southern  he- 
misphere. Again,  as  the  influence  of  (he  sun’s  heat  will 
not  from  those  quarters  have  so  much  power,  the  magne- 
tic |K>les  cannot  be  moved  back  to  the  very  same  point 
from  w inch  they  set  out ; but  to  one  which  will  be  a little 
more  northerly  and  easterly,  oV  more  southerly  and  east- 
erly, according  to  the  hemivphen's  in  which  they  ar« 
situated.  Thefiguns  ihenTore  which  they  describe,  may 
more  properly  be  termed  elliptoidal  spirals. 

In  this  manner  the  variation  of  the  magnetic  needle  in 
the  northern  hemisphere  may  be  accounted  for.  But 
with  respect  to  the  soutlicrn  hemisphere  wc  must  recollect, 
that  though  the  lim*s  of  declination  in  the  northern  he- 
misphere have  Constantly  moveil  from  west  to  east,  yet  in 
the  southern  hemisphere,  it  is  equally  certain  that  they 
havt*  moved  from  east  to  west,  ever  since  any  observaiions 
have  made  on  the  subject.  Hence  then  the  lim**  of 
magnetic  declination,  or  llalleyan  curves,  as  they  are  now 
cuinmunly  called,  appu^ir  to  have  a contrary  motion  m the 
southern  hemisphere,  to  what  they  have  in  the  northern; 
though  both  the  magnetic  poles  of  the  earth  move  in  the 
same  direction,  tliot  is  from  w<jst  to  east. 

In  the  northern  hemisphere  (here  was  a line  of  no  va- 
riation, winch  had  east  variation  on  its  eastern  side,  and 
west  variation  on  its  western  side.  'I'his  line  evidently 
moved  from  west  to  cast  during  the  two  last  centuries ; the 
lines  of  cast  variation  moving  before  it,  while  the  lines  of 
west  variation  followed  it  with  a proportional  pace.  'I'lii'iC 
line#  first  passed  the  Azores  or  Western  Ulaiivh,  then  the 
meridian  of  London,  and  after  a certain  number  of  years 
still  later,  they  poised  the  meridian  of  Paris.  Hut  in  the 
southern  hemisphere  there  was  another  line  of  no  variation, 
which  liad  cast  variation  on  its  western  side,  and  west  va- 
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rtHtiun  on  its  eastern;  the  lines  of  cast  variation  moving 
before  itt  while  those  of  the  wi*st  variation  followed  it. 
This  line  of  no  variation  hrst  passed  tIicCape  des  Aiguilles, 
and  then  the  Cape  of  Good  Ilo|>c;  the  lines  ut  3°,  lO'^,  13% 
and  20*’  west  variation  following  it,  the  same  as  whs  the 
case  in  the  northern  hemisphere,  but  in  the  cunlrury  di- 
rection. . 

We  may  just  farther  mention  the  idea  of  Dr.  Gowin 
Knight,  which  w«s,  that  this  earth  had  originally  received 
Its  magnetism,  or  ntther  that  its  mHgneiicui  powers  inid 
l>een  brought  into  action,  hy  a shock,  which  eiileriHl  iirar 
the  southern  tropic,  and  passed  out  at  the  northern  one. 
His  meaning  appears  to  have  been,  that  this  was  the  coui  se 
of  the  nmgnetic  fluid,  and  that  the  magnetic  pole's  were  al 
hnt  diametrically  opposite  to  each  other.  Though,  ac- 
cording to  itfr.  Canton's  ilocirine,  (hey  would  not  have 
long  continued  so;  for  from  the  intense  heat  of  the  sun 
in  the  torrid  zone,  according  to  the  principles  already  cit- 
plained,  the  north  pole  must  have  soon  retired  to  the  north* 
eastsvan),  and  the  south  pole  to  the  south-eastward.  It  is 
also  curious  to  observe,  that  on  account  of  the  southern 
hemisphere  being  colder  upon  the  whole  than  the  northern 
beiuispbcre,  the  magnetic  poles  would  have  moved  with 
unequal  pace:  that  is,  the  north  magnetic  pole  would 
have  moved  farther  in  any  given  time  to  the  north-east, 
than  the  south  magnetic  pole  could  have  moved  to  the 
south-east.  And,  according  to  the  opinions  of  the  most 
ingenious  authors  on  {his  subject,  it  is  generally  allowed, 
that  at  this  time  the  north  magnetic  pole  is  considerably 
nearer  to  the  north  pole  of  the  earth,  than  the  south  mag- 
netic pole  is  to  the  south  pole  of  the  earth.  * 

It  may  farther  be  added,  that  several  ingenious  sea 
officers  arc  of  opinion,  that  in  the  western  parts  of  the 
English  Channel  the  variation  of  the  magnetic  needle  has 
already  begun  to  decrease ; having  in  no  part  of  it  ever 
amounted  to  25®.  There  are  however  other  persons  who 
assert  that  the  variation  is  still  increasing  in  the  Channel, 
and  os  far  westward  as  the  13tb  degree  of  longitude  and 
51®  of  latitude,  at  which  place  they  sdy  that  it  amounts 
to  about  30®. 

Of  the  Variation  Chart.  Doctor  Halley  having  col- 
lected a multitude  of  observations  made  on  the  variation 
of  the  needle  in  many  parts  of  the  world,  wiis  hence  en- 
abled to  draw,  on  u Nlyrcnlor's  chart,  certain  lirtes,  show- 
ing the  variutioi»>of  the  compass  in  all  those  phices  over 
which  they  parsed,  in  the  year  when  he  published 

the  first  chart  of  this  kind,  called  the  Variation  Chart. 

From  the  construction  of  this  chart  it  appears,  th.it  the 
longitude  of  any  i*f  those  places  may  be  f«>untl  by  it,  when 
the  latitude  and  the  variation  in  that  (dace  are  known. 
Thus,  having  found  the  variation  of  the  compa»s,  draw  a 
a parallel  of  latitude  on  the  chart  through  the  latirude 
found  by  observation ; and  the  point  where  it  cuts  the 
curved  line,  whose  variation  is  the  same  with  that  ob- 
served, will  be  the  ship’s  phace,  A similar  project  of 
thus  finding  the  longitude,  from  the  known  latitude  and 
inclination  or  dip  of  the  needle,  whs  before  proposed  by 
Henry  Homl,  in  his  tremisc  entitled,  The  Longitude 
Fouml,  printed  in  W»76. 

This  method  howevt-r  is  attended  with  two  consideiahic 
inconvcniiiices : 1st,  That  wherever  the  variation  lines 
run  east  and  west,  or  nearly  so,  this  way  of  finding  the 
longitude  becomes  imperfect,  ns  their  intersection  with 
the  parallel  of  latitude  must  he  very  indefinite:  and 
among  all  the  trading  parts  of  the  wojjd,  this  imperfec- 


tion is  at  present  found  chiefly  on  (be  western  coasts  of 
Europe,  between  the  latitudes  of  45**  and  33®  ; and  on  the 
eastern  shorCii  of  North  America,  with  some  parts  of  the 
Western  Occiiii  and  Hudson’s  Uuy,  lying  beiweeti  the  said 
shoit's:  but  for  the  other  parts  of  the  world,  a variation 
chart  may  be  attended  with  considerable  beiu  fit.  How- 
ever, (he  variation  curve;:,  whtii  they  luneasl  and  west, 
mny^mietimes  bo  applied  to  good  purpose  in  correcting 
the  latitude,  when  meridian  ohMTs.'Uioiis  cannot  be  had, 
as  it  often  happens  on  the  northern  coasts  of  America,  in 
the  Wosltrii  Ocean,  and  about  Newfoundland;  for  if  the 
variation  can  be  obtained  exactly,  then  the  e^t  and  west 
curve,  answering  to  the  variation  in  the  chart,  will  sbow' 
(be  latitude. 

2dly,  As  the  deviation  of  the  magnciical  meridian,  from 
the  true  one,  is  subject  to  continual  alteration,  therefore 
a chart  to  whi^h  the  variation  lines  arc  fitted  fur  any  year, 
must  in  lime  become  useless,  unless  new  lines,  showing 
the  state  of  the  variation  at  that  time,  bo  drawn  on  the 
chart:  but  as  the  change  in  the  variation  is  very  slow, 
therefore  new  variation  charts  published  every  7 or  H 
years,  will  answer^he  purpose  tolerably  well.  And  thus 
it  hus  happened  that  Halley’s  variatum  chart  has  become 
useless,  for  want  ofcocouragenicni  to  renew  it  from  lime  ' 
to  time. 

However,  in  the  year  1744,  Mr.  William  Mountaine 
and  Mr.  James  Dodson  published  a new  variation  chart, 
adapii'd  fur  that  year,  which  was  well  received  ; and  se- 
veral instances  of  its  great  utility  having  been  communi- 
cated to  them,  they  fitted  the  variation  lines  anew  for  the 
year  1<36,  ami  in  the  following  year  published  the  3d 
variation  chart,  and  also  presented  to  (he  Royal  .Society 
a curious  paper  concerning  the  variation  of  the  magnetic 
needle,  with  a set  of  tabu's  anne.sed,  contaimrig  the  result 
of  upwartfs  of  30  thousand  observations,  io  si.x  periodica! 
reviews,  from  the  year  1700  to  1736  inclusive,  and 
adapted  to  every  3 liegrees  of  latitude  and  longitude  in 
the  more  frequented  oceans ; which  paper  and  tables 
were  printiKl  in  theTrunsat^tions  for  the  year  1737. 

From  these  tables  of  observations,  such  e.xtraordinary 
and  whimsical  irreguiaiilics  occur  in  the  variation,  that  wc 
cannot  think  it  wholly  under  the  din-ction  of  one  general 
and  uniform  law- ; but  ratherconcludc,  with  Dr.  Knight,  in 
the  87ih  prop.  «f  his  Treatise  upon  Attraction  and  Repul- 
sion, that  it  is  inlluenctd  by  various  and  different  magnetic 
Mttrnctiun),  perliapi  occasmned  by  the  heierogeous  com- 
positions in  the  great  magnet,  the  earth. 

Many  other  observations  on  the  variation  of  the  mng- 
netic  needle,  arc  to  be  found  in  scvetal  vtduraes  of  the 
IMiilos.  Tnois.  See  particularly  vul.4B.  pa.  873;  vol.50, 
pa-  329;  'wl.  36,  pa.  220;  and  vol.  Cl,  pa.  422. 

VaHI.VTIOV  SecCoMFAHS. 

Vahistjos  of  Curvaiurff  in  Geometry,  is  used  for 
that  inequaliiy  or  change  which  take-s  place  in  the  curva- 
ture of  all  curves  except  the  circle,  by  which  their  cur- 
vature is  more  or  less  in  ditfeteni  part*  of  them.  Aiui 
this  variation  constitute*  the  quality  of  the  curvature  of 
any  line. 

Newton  makes  the  indc.x  of  the  inequality,  or  variation 
of  curvature,  to  be  the  ratio  of  the  fluxion  of  the  radius 
.of  curvature  to  the  fluxion  of  the  curve  itself:  and  Mac- 
laurin,  to  avoid  the  pcrple.Kity  that  difli  rem  notions,  con- 
nectetl  with  the  same  terms,  occasion  to  learners,  has 
ndopled  the  name  definition  : but  he  suggests,  that  this  ratio 
gives  rather  the  variation  of  the  ray  of  curvaturtvand  thut 
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it  iiiij^l  have  Ixen  |iro(K‘r  lo  have  nkeH<>urc(l  the  variatiun 
til  curvature  rathrr  by  the  ratio  ot'  the  fluxion  of  the  cur« 
vaturc  to  tee  fluxion  of  the  Curve;  »o  that,  the  cur* 

vultre  bciuj;  inviT»cly  ax  the  radius  of  curvutun*,  and  coii' 
>equently  Its  fluxion  ax  the  fluxion  of  the  radius  itself 
directly,  and  the  Hjuarr  of  the  radius  iiiversily,  its  varia- 
tion would  have  been  directly  ax  the  meftsure  of  iluccunl- 
in^  to  NewUMi's  definition,  and  iiiveisely  as  the  square  of 
the  radiuH  of  curvjtuie. 

According  to  this  notion,  it  would  have  been  ineasuted 
bv  the  angle  of  contact  contained  by  the  curve  and  circle 
oi  curvature,  in  the  same  manner  as  the  curvature  itvclf 
is  measured  by  the  ant>Ie  of  contact  contained  by  the 
curve  and  tangent.  'I  he  reason  of  this  rciiutrL  may  appear 
from  this  example  ; The  vanuikni  of  cuivature,  accord- 
ing to  Newton's  explication.  if>  uniform  in  the  logarithmic 
spiral,  the  fluxion  of  the  raduuaof  curvature  in  this  figure 
Umuc  always  in  the  same  ratio  to  the  fluXKm  of  the  curve ; 
an<)  vet,  while  the  spiral  is  produced,  ifiuugh  its  curva- 
ture thcreases,  it  tuHcu*  vanishes;  which  must  appear  a 
strange  paradox  to  thoi^  w ho  do  not  attend  to  the  im|>ort 
ol  Newton’s  doliimion.  Newton's  Methmi  of  Fluxions 
Mild  Inf.  benes,  pa.  70-  Muclaurin’s  Flux.  art.  385. 
Fniios.  Tnin«.  No.  40'S,  pa.  3 Id. 

* The  variation  of  curvature  at  auy  point  of  a conic  sec- 
tion, IS  always  as  the  tangent  of  the  angle  contained  by 
the  diameter  that  passes  through  the  point  of  contact,  and 
the  perpendicular  to  the  curve  at  the  tame  point,*  or  to 
the  angle  furnicd  by  the  diametiT  of  the  section  aiul  of 
the  circle  of  curvature.  Hi-nce  the  variation  of  curvature 
vanishes  at  the  exlrumities  of  either  axis,  and  is  greatest 
when  the  acute  angle,  contained  by  the  diameler  paxsing 
through  the  point  of  conuct  and  the  tangent,  is  least. 

When  the  conic  section  is  a parnlKda,  the  variation  is 
at  the  tangent  of  the  angle,  contained  hy  the  right  line 
drawn  from  the  point  of  contact  to  the  focus,  and  the 
perpendicular  to  the  curve.  See  Curvatuh&. 

From  Newton’s  definition  may  be  derived  practical 
rules  for  the  variation  of  currnture,  as  follows: 

1.  Find  the  radius  of  cunraiurc,  or  rather  its  fluxion  ; 
then  diviilc  this  fluxion  by  the  fluxion  of  the  curve,  and 
the  quotient  will  giv^  the  variation  of  curvature;  exter- 
minating the  fluxions  when  necessary,  by  the  equation 


VARIGNON  (Pbtf.u),  u cdebraict]  French  mathe- 
matician and  priest,  was  born  at  (^en  in  and  died 

1723,  at  58  yeaisof  age.  He  was  the  son  of  an  architect 
in  middling  circumstances,  but  had  a college  education, 
being  intended  fur  the  church.  An  accident  threw  a 
copy  of  Fucliil's  lUenienls  in  his  way,  which  gave  him  a 
strong  turn  lo  that  kind  of  loariiiiig.  1 he  study  of  geo- 
iiKiry  led  him  to  the  works  of  liescartcs  on  the  same 
scienre,  and. there  he  was  struck  with  that  new  light 
which  has,  from  thence,  spread  over  the  world. 

.At  this  lime  the  abbe  Si.  Pierre,  who  studied  philosophy 
ill  the  same  college,  became  acquainted  with  him.  A 
taste  in  common  for  rational  sirbjects,  whether  physics  or 
metaphysics,  and  continual  disputations,  formed  the 
bonds  ot  their  friendship.  They  were  mutually  service- 
able to  each  other  in  their  studies.  The  abbe,  to  enjoy 
Varignori’k  cumjuiny  with  greuler  ease,  lodged  him  with 
himself;  thus,  growing  still  more  sensible  of  his  merit,  he 
resolved  to  give  him  a furtuiK',  that  he  might  fuliv  pursue 
liin  genius,  and  improve  his  iMU-nt<>;  and,  out  of  only  13 
hundred  lines  a year,  whieh  lie  had  himself,  he  conferred 
300  of  them  on  A’arigimn. 

1‘he  abb(^  |K*nuadi><|  dial  he  C<hiI«I  not  do  belter  than 
go  lo  I'uris  to  study  philosophy,  settled  iheix*  in  1585, 
with  .M.  Varignon,  in  the  suburbs  of  St.  Jacques.  1'here 
each  studied  in  bis  own  way  ; the  abbe  applying  himself 
to  the  study  of  men,  manners,  and  the  principles  of  gu- 
veriimrnt ; whilst  V'arignon  was  wholly  occupied  with  the 
mathematics.  In  these  solitary  suburbs  lie  funned  a 
connection  with  many  other  learned  men;  as  Duhamel, 
Ooverney,  Deluhire,  Ac.  Duverney  oftci)  asked  his 
sistaoce  inr  liiose  parts  of  anatomy  connected  w ith  mecha- 
nics: they  e.xainined  together  the  positions  of  (he  mus- 
cles, and  their  directions;  hence  Varignon  learned  a good 
deal  of  anatomy  from  Duverney,  which  he  repaid  by  the 
application  of  mathematical  reasoning  to  that  subject. 

At  length,  in  lf)S7,  Varignon  inode  himself  known  to 
the  public  by  a (realise  on  New  Mcxrhaoics,  dedicated  to 
the  Ac^ideiiiy  of  Sciences,  llis  thoughts  on  this  subject 
were,  io  effect,  quite  new.  lie  discovered  truths, and  laid 
open  thrir  sources.  In  this  work,  he  demonstrated  the 
necckMtyof  nn  equilibrium,  in  such  CMvswhere  it  happens, 
though  the  cause  of  it  is  not  exactly  known.  This  disco- 


of  the  curve,  or  perhapv  hy  expressing  their  ratio  by  help 
of  the  tangent,  or  ordinate,  or  subnormal,  dec. 

C.  Since  -^t,  or  (putting  x =t  1)  denotes  the 

radius  of  curvature  of  any  curve  t,  whose  absciss  ts  jr, 
and  ordinate^  ; if  the  fluxion  of  this  lx:  divhled  by  z, 
and  z and  x be  exterminnled,  the  general  value  of  the  va- 


riation wifi  come  out 


-ayy*  0-  »fi  ■*■/)  ^ 

yi  - » 


then  substitui- 


very  Varigiioii  made  by  (he  theory  of  coinpoflnd  motions, 
and  is  wliat  this  es>ay  chiefly  treats  upon. 

This  new  treatise  on  mechanics  was  greatly  admired  by 
the  mathemalicians,  and  procured  the  author  two  coiisj- 
derable  plHCe*^,  the  one  of  geoim  irician  in  the  Academy 
of  Scietice.v,  the  other  of  proh's^or  of  mathematics  in  (he 
College  of  Mazarine,  to  which  he  was  the  first  |>crson 
raised. 

Varignon  c.atcheil  eagerly  at  the  science  of  inflnitesi- 


mg  the  values  of  y,  y (found  from  th^  equation  of  the 
curve)  into  this  quantity,  it  will  give  the  variHtiun  sought. 
£x.  Let  (he  curve  be  the  parabola,  whose  equation  is 


fit  = y*.  florc  then  = ox  = o,  and  ^ ; 

hence  ■ ~ . ~~  *"*  and  ao* 

^ iyy  “ ly'  * ^ ay*  Sy*’ 

Therefore  ^ ^ = 

9 ■ y 

— :ia*  , •« , i6v"  6y  , 

"1  X (.1  — ) X ~r  = the  variation 

•ay  *>y  <yy  a a ’ 

vi’Mght.  imc»on’.v  Flii.s.  pa.  238, 


mals  as  soon  as  it  appeared  in  the  world,  and  became  one 
of  its  most  early  cultivators.  When  (hat  sublime  and 
beautiful  method  was  attnckri)  in  the  Academy  ilielf  (for 
it  could  not  (-scapc  the  late  of  all  innovations),  he  became 
one  of  its  must  zealous  defenders,  and  in  its  favour  he  put 
a violence  upon  his  natural  character,  which  abhorred  all 
contention.  lie  sometinii-s  lamented,  that  this  dispute 
had  interrupted  him  In  his  enquiries  into  the  integral  cal- 
culation so  far,  that  it  would  Im‘  difficult  for  him  to  re- 
sume his  disquisition  where  he  had  left  it  ulY.  He  sacri- 
ficed infinitesimals  to  the  interest  of  infinitesimals,  and 
gave  up  (he  pU*a5Ure  and  glory  of  making  a farther  prp- 
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in  limn  wl«  n callc^l  upon  by  duty  to  utnicrtakc 
ibeir  defi'iKv. 

AH  ibe  printed  volumes  of  the  Arademy  bear  witness 
to  his  applicntion  nnd  industry.  His  works  are  never 
dclachrd  pieces,  but  cuntplelc  theories  of  the  inus  of  mo* 
tion,  cemrni  torcts.  und  the  rcsiMance  of  mettiunis  to 
moving  bodies.  In  these  lie  makes  such  use  uf  his  rules, 
that  liOihing  escapes  him  that  has  any  connection  with  the 
subject  he  treats.  « 

Geometrical  certainty  is  by  no  means  incompatible 
with  obscurity  and  conlusioii>  and  those  are  sometimes 
so  gri'nt,  that  it  is  surprising  a mathematician  should  not, 
\qw  his  way  in  so  dark  ami  perplexing  a labyrinth.  'I'hc 
works  of  M.V'arigtion  never  otxosion  this  disagrecabh; 
surprise,  he  makes  it  his  chief  care  to  place  every  thing 
in  the  clearest  light ; he  does  nut,  like  some  gnat  ge* 
niuites,  consult  his  vase  by  declining  to  take  the  trouble 
of  bi'ing  mi’tiiodical,  a trouble  much  greater  than  that  of 
composition  itself;  he  dots  not  endeavour  to  acquire  a 
reputation  for  profoundness,  by  leaving  a great  deal  to  be 
guessed  by  the  reader. 

Though  V'arigntm'i  constitution  did  not  seem  easy  to 
be  impaired,  assiduity  and  constant  application  brought 
upon  him  a severe  disease  in  1705.  Great  abilities  are 
^‘ncrally  dangerous  to  the  po&Hcssors.  He  wo*  six  months 
IB  danger,  and  thrve  yearv  in  n languid  stale,  which  pro* 
cernlcd  from  bis  spirits  being  almost  entirely  exhausU'd. 
lie  said  that  sometimes,  when  delirious  with  a fever,  he 
thought  himself  in  the  midst  of  a forest,  where  all  the 
leaves  of  the  trees  were  covered  with  algebraical  calcula- 
tions. Condemned  by  his  physician?,  his  friends,  and 
himself,  to  lay  aside  all  study,  he  could  not,  when  alone 
in  his  chamber,  avoid  taking  up  a book  of  matheinatics, 
which  he  hid  as  soon  as  he  heard  any  person  coming.  He 
again  resumed  the  attitude  and  behaviour  of  a sick  man, 
and  seldom  had  occasion  to  counierfeil.  Our  author  re- 
covered from  his  disease;  but  the  remnmbmnce  of  what 
he  had  suITvrtd  did  not  make  him  more  prudent  for  the 
future. 

With  regard  to  his  character,  Fontencllc  observes,  that 
it  was  nt  this  time  that  a writing  of  his  apixnircdi  in 
which  lie  censured  Dr.  Wallis  for  having  advanc(*d  that 
there  are  certain  spact>s  more  than  infinite,  which  that 
great  geometrician  ascribes  to  hyperiiolas.  He  maintain- 
ed, on  the  contrary,  that  they  were  finite.  The  criticism 
WAS  sof{ened  with  ail  the  politeness  and  respect  imagina- 
ble ; but  a criticism  it  was,  though  he  had  written  it  only 
for  himself.  He  let  M.  Carrtl  see  it,  when  he  was  in  a 
state  that  rendered  him  indifferent  about  things  of  that 
kind;  and  that  gentleman,  influenced  only  by  the  inte- 
rest of  the  sciences,  caused  it  to  be  printe<l  in  the  me- 
moirs of  the  Acad<  my  of  Sciences,  unknown  to  the  au- 
thor, who  thus  made  an  attack  against  bis  inclination. 

Notwithstanding  bis  great  desire  of  peace,  in  the  latter 
part  uf  his  life  he  was  involved  in  a dispute.  An  Italian 
monk,  well  versed  in  mathematics,  attacked  him  on  the 
subject  of  tangents  ond  the  angle  of  contact  in  curves,  such 
as  they  are  conceived  in  the  arithmetic  of  infinites  ; he 
answered  by  the  last  memoir  he  ever  gave  to  the  Academy, 
and  the  only  one  which  turned  on  u dispute.  • 

III  the  last  two  years  of  his  life  he  was  attacke<l  with 
an  asthmatic  complaint.  This  disorder  increased  daily, 
and  all  rcmtsfics  were  ineffcclua].  He  did  not  however 
cease  from  any  of  his  customary  business;  su-that,  after 


having  fmished  bis  lecture  at  the  College  of  Maxarme,  on 
the  2'id  of  December  1732,  he  died  suddenly  the  follow- 
ing night. 

His  character,  says  Fonteuelle,  was  as  simple  as  his 
superior  understanding  could  require.  He  was  not  apt 
to  be  jealous  of  the  fame  of  others:  indeed  he  was  at 
the  head  of  the  French  mutheinaUciam.  and  one  of  the 
best  in  Furopo.  It  must  be  owned  however,  that  when 
a new  idea  was  oflcrt-cl  to  him,  he  was  too  hasty  to  uiiject. 
The  fire  of  bis  genius,  the  various  insights  into  every  sub- 
ject, made  too  impetuous  an  opposition  to  those  that  weic 
ufTerv'l ; so  that  it  was  not  easy  to  obtain  Irum  him  a fa- 
vourable attention. 

His  works  that  were  published  separately,  were, 

1.  Prujetd'iine  Nouvellc  Mechamque;  4to,  Paris  l68r< 

2.  Des  Kuuvelles  Conjeclures  sur  la  Pt*sanu-ur. 

3.  Nouvellc'  Mechamqurt  ou  btaticjue,  2 tom.  4to, 
1725. 

4.  Un  Trait^du  Mouvemenl  dc  U Mesuredes  Laux 
Courantes  Arc.  1725,  in  4to. 

5.  Eclaircisseincnt  sur  I'Analyse  dcs  Infiniracnt  Petits, 
in  4to. 

6.  Dcs  Cahiers  de  Mathematiques,  ou  Fthmens  da  Ma- 
themaiiqucs;  in  1731. 

7.  Unu  Demonstration  dc  la  PoisibillK*  de  la  Presence 
t^elle  du  Corps  dc  Jesus  Christ  dans  rEucharisiic ; in 
a culleclion  eiiritled,  Pieces  Fugitives  sur  rFucharUtie, 
published  in  1730;  an  extraordinary  thing  for  a mathe- 
matician to  undertake  to  demunstruic ; which  he  does,  as 
might  be  expected,  nut  mathematically,  but  sophisli- 
cally. 

As  to  his  memoirs  in  the  volumes  of  the  Academy  of 
Sciences,  they  are  far  too  numerous  to  be  here  pariicu- 
laritrd;  they. extend  through  almost  all  (he  volumes, 
down  to  his  death  in  1722. 

VASA  Concordia,  in  Hydraulics,  arc  two  vessels,  so 
constructed,  as  that  one  of  them,  though  full  of  wine,  will 
not  run  a drop,  unless  the  other,  being  full  of  water,  run 
also.  Their  structure  and  apparatus  may  be  seen  in  Wol- 
fius,  Klement.  Mathes.  turn.  J,  Hydraul. 

VaDBAN  (Sebastian  lf.  Prestre),  a very  great 
French  engineer,  was  born  in  H>33.  4110  dbplayed  great 
abilities  and  skill  in  many  sieges,  and  his  services  were  re- 
warded with  the  (irsi  military  honours.  He  was  made 
governor  of  Lisle,  cutnmivsary-gencral  of  ihe  forlidca- 
tions  of  France,  and  afterwards  governor  of  the  maritime 
partsof  Fliindi'rs,  and  a marshal  of  France.  He  died  m 
1707,  having  brought  furiification  to  a degree  of  perfec- 
tum  unknown  beiore.  His  writings  on  these  subjects  are 
still  in  very  hi^h  esteem. 

V'AULT,  hi  Architecture,  an  arched  roof,  so  contrived, 
as  that  the  several  stout's  of  which  u consists,  by  their 
disposiimn  into  |iie  form  of  a curve,  mutually  sustain 
each  other ; as  the  arches  of  bridges,  Acc. 

Vaults  are  to  be  preferred,  on  many  occasions,  to  sof- 
fits, or  dal  ceilings,  as  they  give  a greater  rise  and  eleva- 
tion, and  aie  also  more  firm  and  durable.  . 

The  ancients,  Salmasius  obvcrvi-s,  bad  only  three  kinds 
of  vaults:  the  first  the  fornix,  made  cradle-wise;  the  2d, 
the  (estudo,  tortuisi-wise,  or  oven-wi»c;  the  3d,  the 
concha,  made  shell-wise.  But  the  modems  subdivide 
thcK’  three  kimis  into  a great  many  mure,  to  which  they 
give  didv'rent  names,  according  to  their  6oures  and  use : 
some  arc  circular,  uihers  cllipticai,  Arc. 
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Again,  (he  twci'ps  of  some  are  larger,  and  olhen  less 
portions  of  a sphere:  all  above  bemi»phcrrA  are  called 
high,  or  surmounted  vaults:  ull  that  are  than  hemi- 
are  luw,  or  surhoH-d  vaults,  Ac.^-'In  somo  the 
height  is  greater  than  the  diameter ; in  others  it  is  less : 
there  ate  others  again  quite  flat,  only  made  with  haunses  ; 
others  uvendike,  and  others  growing  wider  us  they 
lengthen,  like  a trurapc't. 

Vaults  arc  either  single,  double,  cross,  diagonal,  hori- 
zontal, ascending,  descending,  angular,  oblique,  pendent, 
Ac,&c.  There  ai  r also  Gothic  vaults,  w ithprndrntivcs^c. 

AULTS,  arc  those  which  cover  the  principal 
parts  of  buildiiign;  in  c<mtradisiinclion  from  the  Ins,  or 
subordinate  vaults,  which  only  cover  some  sroull  part; 
as  a passage,  a gate,  Ac. 

/>0M6/r  Vault,  is  such  a one  as,  being  builtovrraoo- 
tlier,  to  make  the  exterior  decoration  range  with  the  in* 
terior,  leaves  a space  between  the  convexity  of  the  one 
ond  the  concavity  of  the  other ; as  in  the  dome  of  Su 
Paul’s  at  London,  and  llwt  of  St.  Peter's  at  Home. 

Vaults  xcith  Cftmpartimmu,  are  such  whose  sweep,  or 
inner  fact,  is  enriched  with  panneis  of  sculpture,,  sepa- 
rated by  platbands.  TIick'  compartiiueiiU,  which  are  of 
ditfereiit  Hgurrs,  according  to  the  vaults,  and  arc  usually 
gilt  on  a while  ground,  are  made  with  stucco,  on  hnek 
vaults;  as  in  the  church  of  bt.  Peter’s  at  Katne;  and 
with  plaster,  on  timber  vaults. 

Theory  q/*  V'At'LTs~-In  a semicircular  vault,  or  arch, 
being  a hollow  cylinder  cut  by  a plane  tlirvugb  its  axis, 
standing  on  two  iinpmts,  and-  all  the  stones  that  C(»rapose 
it  iH’lng  cut  and  pl.iccd  in  such  a manner,  as  that  their 
joints,  or  i.'cds,  being  prulongrd,  du  ull  meet  in  tbe  cen|re 
of  tbe  v;iult;  it  is  cadent  that  all  tbe  sUmes  must  be  cut 
wedgi'-wise,  or  vridef  at  (op  and  above,  tlian  below  ; by 
virtue  of  which,  they  sustain  each  other,  and  nmtimlly 
Oppose  the  efioit  ot  their  weight,  which  deterniiiM'S  (hem 
to  fall. 

1 he  stone  in  the  middle  of  the  vault,  which  is  perpen* 
dicular  to  the  bunzon,  and  is  cailed  the  key  of  the  vault, 
is  sustained  on  each  side  by  (lie  two  contiguous  stones, 
as  by  two  inclined  uUnes.  ’Fhe  second  stone,  which  is 
on  Hie  right  or  left  of  the  key-stuno,  is  sust^<*d  by  a 
thinl ; which,  by  virtue  of  the  figure  of  the  vaufpii  neces* 
snniy  mon*  iiicliitcd  to  the  second,  than  the  s«*coiid  is  to 
the  first ; and  consequently  the  second,  in  the  efiort  it 
makts  to  employs  a less  part  of  its  weight  than  the 
first.  For  (he  same  reason, all  the  stone's,  reckoning  from 
the  keystone,  employ  still  a less  and  less  pail  of  (heir 
weight,  to  the  Ust ; whirb.  resting  on  the  horizontal  plane, 
employs  no  part  of  its  weight,  or  makes  no  efiort  to  fall, 
as  being  entirely  supported  by  the  impost. 

Now  a great  point  to  be  aimed  at  iii  vaults,  is,  that  ull 
thest'veraUtonesniakean  equal efifort  tofull:  to  efiVet  this, 
it  is  evident  that  as  each  stone,  reckoning  from  the  key  to 
tbe  impost,  employs  a still  less  and  Uss  pait  of  its  whole 
weight;  the  first  only  employing,  for  example,  one-balf; 
the  2d,  one-third ; the  3d,  oni'-fourlh;  Nc;*  there  is 
other  way  to  make  these  ditfi-rent  parts  equal,  but  by  a 
proportionable  augmentation  of  the  whole;  (but  is,  the 
second  stone  must  be  heavier  than  the  first,  the  third 
heavier  than  the  second,  and  su  on  to  the  last,  which 
should  be  vastly  heavier. 

Labire  demonstrates  what  that  proportion  is,  in  which 
tbe  weights  of  the  stones  of  a semicircular  arch  must  be 


increased,  to  be  in  cquilibiio,  or  to  tend  with  equal 
forces  to  full;  which  gives  tbe  firmest  disposition  that  a 
vault  can  have.  Ih  fore  him,  the  architects  had  no  certain 
rule  to  conduct  themsi'Uc's  by;  but  did  all  at  random. 
Ucckuiiing  the  degrees  of  the  (|uudrant  of  the  circle,  from 
tbe  keystone  to  (lie  impost,  the  leiigih  or  weight  of  each 
Slone  must  be  so  much  greuu-r,  as  it  is  fartlur  from  the 
key.  l.ahire’s  rule  is,  to  uugnient  the  weight  of  each 
stone  abuv'a  that  of  the  keystone,  .is  miirb  us  the  tniigcnt 
of  the  arch  to  (lie  stone  exceeds  (he  langent  of  the  arch 
of  half  the  key.  Now  ihe  tangent  of  the  last  stone  be- 
comes infinite,  and  eunscqueiiily  the  weight  siiould  be  so 
loo;  but  Hs  infiiiiiy  hus  uo  place  in  practice,  the  rule 
amounts  to  (Ins,  tliut  tlic  lust  stone  be  l(>Hdcd  as  much  as 
possible,  lend  the  others  in  proportion,  that  they  may  the 
hotter  lesist  the  effort  which  the  vault  makp  to  separate 
them;  wlucb  is  called  tbe  shout  or  drift  of  the  vault. 

M.  Pnrent,  am)  other  authors,  have  since  determined 
ihc  curve,  or  figure,  which  the  extnnios  or  outride  of  a 
vault,  w hose  intrados  or  invide  is  spherical, ought  to  have, 
that  all  the  stones  may  be  in  cquilibriu. 

The  above  rule  of  Lahire's  has  since  bei'ii  fi»und  not 
accurate.  See  Amen,  ami  lla  i i>oi;.  S«e  also  my  Trea- 
tise* oil  the  Principles  of  bridges  in  my  Tracts,  and  Kiner- 
son’s  ('ousiruciion  of  Arches;  also  M.  Uerurd's  Matiqtia 
des  N’ontes. 

Key  q/* « Vault.  Sec  Ktv,  uiul  Voussoiu. 

Heim  or  UlLn^t.up  of  a Va.ULT,  are  the  sides  which 
sustain  iu 

Pendentivcof  « V’auLT.  Sec  PcNDEKTivr., 

hipou  of  a Vault,  is  the  stone  upon  which  is  laid  the 
first  voussoir,  or  arch-stone  of  the  vault 

V'KAUAU,  inChronologv,  the  13ih  momh  of  (he  Jewish 
ecclesiastical  year,  answering  commonly  to  our  .March  ; 
this  month  is  intercalated,  to  piewnt  the  beginning  of  Ni* 
sun  from  being  removed  to  llieemi  of  February. 

VLCTIS,  in  Mechanics,  one  of  the  simple  mechanical 
powers,  more  usually  called  thi*  lu  ver. 

VECTOR,  or /fm/m  hWtor,  in  Astronomy,  is  a line 
conceived  to  be  drawn  from  uny  planet  moving  round  a 
Centre,  or  ihe  focus  of  an  ellipse,  to  (liut  centre,  or  focus. 
It  is  so  called,  because  it  is  (hat  line  by  which  (he  planet 
st'cms  In  be  carried  toumi  its  centre ; and  with.which  it 
describi‘»  areas  pruporllonul  lo  the  limes. 

V Kl.OLTi’V,  Celerity,  or  Sui/ineu,  in  M«*chonics,  is  that 
affection  of  motion,  by  wliich  a moving  body  push's  '>ver 
a certain  space  inn  certain  time.  This  is  always  propor*^ 
lionul  to  the  spucc  moved  over  in  a given  time,  when  the 
velocity  is  uniform,  or  always  the  same  during  that  time, 

V’eiocily  is  either  uniform  or  vunuhle.  Uniform,  or 
equal  velocity,  is  that  with  which  a txaiy  passes  over 
equal  spaces  in  equal  times.  And  it  is  vutiable,  or  une- 
qual, when  the  »pnces  passed  over  in  equal  limes  are  un- 
equal r in  which  c.isc  it  is  either  accelerated  or  retarded 
velocity  ; and  this  acceleration,  or  retardation,  may  mIvo 
be  equal  or  unequal,  i.e.  uniform  or  variable,  Ac.  See 
ACCLLLftATJON,  and  .Mutiox. 

Vedocily  is  also  either  absolute  qr  relalive.  Absolute 
velocity  is  that  we  have  hitherto  been  considering,  in  which' 
the  velocity  of  a body  is  considered  simply  in  ll>elf,  or  as 
passing  over  a certain  space  in  a certain  time.  But  rela- 
tive or  respective  velocity,  is  that  with  which  bodit*s  ap- 
proach lo,  or  recede  from  one  another,  whether  ifiey  both 
move,  or  one  of  tb**m  be  at  resu  1 bus,  if  one  body  move 
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with  the  ab$otuU'  velocity  of  3 livt  per  sccoiuiy  and  ano- 
ther with  that  of  6 fcTt  |H*r  second  ; then  if  they  move 
directly  towards  each  other,  t()C  relative  velocity  with 
which  they  approach  is  ibul  of  $ loot  )kt  second  ; but  if 
‘they  move  Uotli  the  same  way,  so  tiittt  the  latter  overtake 
the  former,  then  then  lativu  velocity  with  which  that  over- 
takes it,  is  only  that  of  4 feel  per  second,  or  only  half  of 
the  former;  and  consequently  it  will  k quire  double  the 
time  of  the  former  befoie  they  come  in  contact  together. 

Velocity  in  a Line. — When  a liody  moves  with 

a uniform  velocity,  the  spacer  passinl  over  by  it,  in  diSercnt 
times,  arc  proportional  to  the  tifn<-s;  also  the  spaces  dt*- 
scribed  by  two  dirierent  uniform  \e)t>cities,  in  the  same 
time,  arc  proportional  to  the  velocities;  and  consequcully, 
when  both  times  ami  velfKrities  an*  unequal,  the  spaces  de- 
scribed are  in  •tbu  compound  ratio  of  the  times  Hint  velo- 
cities. That  jv,  s « TV,  and  « a m ; or  s : : TV  : 

Hence  also,  v ; r or  the  velocity  is  as  the 

space  directly  and  the  time  reciprocally. 

But  in  uniformly  accelcrnted  motions;  the  last  degree 
of  velocity  uniformly  gained  by  a body  in  beginning  from 
rest,  is  proportional  to  the  lime  ; and  the  space  described 
from  the  beginning  of  the  motion,  is  as  the  product  of  the 
time  and  velocity,  or  ns  the  square  of  the  velocity,  or  as 
the  square  of  the  time.  1‘liat  is,  in  uniformly  accele- 
rated motions,  i?  a r,  and  s a /e  or  a r'  or  cf  And, 
in  fluxions,  s ~ rr. 

Velocity  q/'  Hotiiea  mwing  in  Curm. — According  to 
Galileo's  system  of  the  descent  of  heavy  bmlies,  which  is 
now  universally  admitted  among  philosophers,  the  veloci- 
ties of  a body  falling  verricnlly  are,  at  each  moment  of  its 
full,  as  the  squaio  roots  of  the  heights  from  whence  it  has 
fallen;  reckoning  from  the  beginning  of  the  descent. 
Hence  he  inferr^,  that  if  a body  descend  along  an  in- 
clined plane,  the  velocities  acquired  at  difle rent  linn's,  w iil 
■ be  in  the  same  ratio  : for  since  its  velocity  is  all  owing  to 
its  fait,  and  it  only  falls  as  much  as  there  is  |K*rpcndicular 
height  in  the  inclined  plane,  the  velocity  should  be  still 
measured  by  that  height,  the  same  as  if  the  descent  were 
vertical. 

The  same  principle  led  him  aUn  to  conclude,  that  if  a 
body  falHhrough  several  contiguous  inclined  planes,  ma- 
king any  angles  with  each  other,  much  like  a stick  nhen 
broken,  the  velocity  would  still  be  regulated  after  the  same 
manner,  by  the  vertical  heights  of  the  different  plaru-s 
taken  together,  coustdcring  the  last  velocity  as  the  same 
that  the  body  would  acquire  by  descending  through  the 
same  perpendicular  height. 

This  conclusion,  it  seems,  continued  to  Im*  acquh'serd  in, 
till  the  year  i672,  when  it  was  demonstnitcd  to  he  false, 
by  James  Gregory,  in  a small  piece  of  his,  intilled  Tenta- 
mina  qua*dam  Gcomeirica  de  Motu  Penduli  et  Projecto- 
nim.  This  piece  has  been  very  little  known,  because  it 
was  only  added  to  the  end  of  an  obscure  and  pseudony- 
mous pit^e  of  his,  llicn  published,  to  expose  the  errors  and 
vanity  of  Mr.  Sinclur,  professor  of  natural  philosophy  at 
Glasgow.  Thislittlejpu  dVsprilofGregory  isentitled,  “The 
great  and  new  Art  of  Weighing  Vm»ily  : or  a discovery  »jf 
the  Ignorance  and  Arrogance  of  (he  great  and  new  Artist, 
in  his  Pseud<>-Pliilr»8ophical  writings  : by  M.  Patrick  Ma- 
thers, Arch-Bedal  to  the  University  of  St.  Andrews.*  In 
the  Tentamina,  Grt'gury  shows  what  the  real  velocity  is, 
which  a body  acquiri's  by  duKcndingdown  two  contiguous 


inclined  planes,  forming  an  obtuse  angle,  and  that  it  is  dif- 
ferent from  the  velocity  a body  acquires  by  descending 
jierpendicularly  through  the  same  height ; also  that  the 
velocity  on  quilting  the  first  pl#ne,  is  to  that  with  whicli 
it  enters  the  second,  and  in  this  Utter  direction,  ns  radiuv 
to  the  cosine  of  the  angle  of  inclination  lieCneeti  the  tivo 
planes. 

'l*bis  conclusion,  however,  Gregory  observes,  d«ies  not 
apply  to  the  motions  of  descent  dow  n ony  curve  lints,  be- 
cause the  contiguous  parts  of  curve  lines  do  not  form  any 
angh>  betwt'cn  them,  and  consequently  no  pait  of  the  ve- 
locity is  lust  by  passing  frum  one  part  of  the  curve  to  the 
other;  hence  he  infers,  that  the  velocities  acquired  in  de- 
scending down  a continued  curve  line,  are  the  same  as  by' 
falling  perpendicularly  through  the  same  hei;||hi.  'I  his 
piiiiciple  is  then  applied,  by  the  authur,  to  the  motion  of 
pendulums  and  projectiles. 

Varignon  too,  in  the  year  l6'9.3,  followed  in  the  same 
track,  showing  that  the  lelocity  loat  in  pulsing  from  one 
right  lined  direcliuti  to  another,  indefinitely  small 

in  the  course  of  a curve  line;  and  that  therefore  the  doc- 
trine of  (Galileo  holds  good  for  the  d<*scent  of  bodies  down 
a curve  line,  vix,  that  the  velocity  at  any  point  of  the 
curve,  is  equal  to  iliat  which  would  be  acquired  by  failing 
through  the  same  perpendicular  altitude. 

The  nature  of  every  curve  is  abundantly  determirted  by 
the  ratio  of  the  ordinates  to  the  corresponding  abscisses; 
and  the  essence  of  curves  in  general  may  be  conceived  ns 
consisting  in  this  latiu,  w hich  may  be  varied  in  a thousand 
diflerent  ways.  But  this  satne  ratio  will  be  also  that  uf 
two  simple  velocities,  by  whose  joint  effect  a body  may” 
drsciibc  the  curve  in  question  ; and  consequently  tJjc  es- 
sence of  all  curves,  iu  general,  is  ll|g  same  thing  as  the 
concourse  or  combination  of  all  the  forces  which,  taken 
two  by  two,  may  move  the  same  body.  Thus  wc  have  a 
most  simple  and  general  equation  of  all  possible  curves, 
and  of  all  possible  velocities.  By  means  of  this  equation, 
as  soon  as  the  two  simple  velocities  of  a body  are  known, 
the  curve  resulting  frorri  iliem  is  immediately  determined. 

It  may  be  observed,  in  particular,  according  to  this 
equation,  that  an  uniform  velocity,  combined  with  a velo- 
city that  always  varies  as  the  square  roots  of  the  heights, 
will  prodvCc  the  particular  curve  of  a parabola,  inde- 
pendent of  the  angle  made  by  the  directions  of  the  (wo 
forces  that  giie  the  vclocilivs  ; and  conwH^uently  a can- 
non ball,  projected  either  horizontally  or  obliquely  to  ihw 
horizon,  must  always  descrtbe  a parabohn,  were  it  not  for 
the  resistance  of  the  air. 

Orcu/ar  Velocity.  See  Circular. 

Initial  Velocity,  inGunnery,  denott's  the  velocity  w ith 
which  military  projectiles  issue  from  the  mouth  of  the 
piece  by  which  they  ore  discharged.  This,  it  is  now  known, 
is  much  more  considerable  than  wa^formerly  appn'hetidi-d. 
For  the  method  of  estimating  it,  and  the  result  of  a vn- 
riely  of  experiments,  by  Mr.  Robins,  and  myself,  &c,  see 
the  articles  Gun,  Gunnery,  Projectile,  UF>tai- 
ANCL,  ami  my  Tracis,  vols.  2 and  3. 

Mr.  Robins  had  hinted  in  bis  New  Principles  of  Gun- 
nery, at  another  method  of  measuring  the  initial  lelocilics 
of  military  projecuh*s,  viz,  from  the  arc  of  vibration  of 
the  gun  itH'if,  in  (be  act  of  expulsion,  when  it  is  suspended 
by  an  axis  like  a |>cndulum.  And  Mr.  Thampsim,  in  his 
experiments  (Pbilos.tians.vol.71,  pa.  229),  has  pursued 
the  same  idea  at  considerable  length,  in  a number  of  expe- 
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Timents,  from  which  be  deduces  a rule  for  coinputin;*  ihe 
velocity,  wiiich  i>  siunewhiU  (liffcrrnt  fron\  tlmt  ol  Mr,  Ro* 


cxperimi'iits,  as  rclatrd  tn  my  Tracts,  were  insuuiteH  with 
C8nrK)i)  of  various  length!*,  itad  cliargeii  with  inuriy  difti-r* 


bins,  but  which  agrees  very  w‘eil  with  bis  own  ex}>crimpnt$.  eat  ({UAntilK-s  of  powder  \ and  ttie  inlliul  velocities  ol  the 


This  rule  howcvi  r being  drown  only  fi-om  the  expori- 
incnU  with  a musket  Uarrel,  and  wilh'a  smalt  charge  ot 


shot  were  compuled  both  from  the  vibration  i*i  a ballistic 
pendulum,  and  from  the  vibraiiun  of  the  gun  iuelt;  but 


powder,  and  besidts  Uing  dith  rent  from  (hot  in  the  {iu>or)'  the  coosrfjueticc  %vas,  that  these  two  hnrdiv  ev«*r  agnvd  lo- 
propiwed  by  itobiusi  it  wassuspccted  that  it  would  not  gether,  and  tii  many  cam-s  they  differed  bv  ulinost  40U  leef 
obtain  wlicn  Applied  to  cannon,  or  other  large  pirers  of  per  srcnml  in  tlie  velodiy.  A bin  f niisiract  tor  u oom- 
ordnnnce,  of  ditfercnt  and  various  lengths,  and  to  larger  parison  betwfim  these  two  nu  tliods,  is  contuineil  in  the  fol- 
ebarges  of  potwier.  tor  this  rea»oii,  a great  number  of  lowing  tablet,  via, 

Oii»pari»OH  qf  (he  ydocitit^  tkt  Ghh  and  PtniMnni. 
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In  this  table,  the  first  column  shows  the  nurnborol  the  issues  irom  a se^»el,  the  velocity  dhrougb  the  onfice  du<rs 
gun,  as  llicy  were  of  dilTcrent  lengths ; viz,  the  lengUi  of  ttot  anse  from  a cuntiiuml  acceleration  of  descending  par- 
number  1 was  St'lJ.  inches,  number^  was  U»5- inches,  rium-  tides  by  the  force  of  gravity,  ax  in  the  ctise  of  a litKjy 
her  3 was(K)  inches,  ami  number  4 was  83  inches,  nearly,  falling  freely,  but  it  is  coroniumcated  bv  the  whole  pres- 
After  the  6rst  column,  the  rest  of  the  table  is  divided  into  sure  of  the  surrounding  fluid  ; in  coiive(|uence  of  vvhich, 
four  spaces,  for  the  four  charges,  2,  4,  8,  1 6 ounces  of  the  water  rushing  towards  (he  oiiticc  in  all  directions 
powder  ; and  each  of  these  is  divided  into  three  columns,  causes  a contraction  in  the  ftream  ; and  at  a distance  from 
in  the  first  of  the  three  is  the  velocity  of  the  ball  as  deter-  the  orifice  equal  to  its  diameter.  Sir  Ivuac  Newton  inca- 
, mined  from  the  vibrution  of  the  gun  ; in  the  second  is  the  sured  the  diameter  of  the  section  of  the  stream  (which 
velocity  as  dt«termim*d  from  Ihe  vibration  of  the  pendu-  section  he  called  by  the  above  name),  and  found  it  to  be 
turn;  and  in  thc'ihird  is  the  difference  bi-lwmi  the  two,  to  th^  diameter  <»f  the  orifice  as  21  to  25 : hence,  1 he  a tea 
being  so  many  ft^i  per  second,  which  is  marked  with  ihe  of  the  orifice  : the  area  of  the  vena  contracta  (they  being 
negative  sign,  or  — , when  the  former  velocity  is  too  liule,  suppc»sed  to  be  similar)  : : 25*  ; 21*,  which  is  very  nearly 
otherwise  it  is  positive.  as  ^2  1 ; and  as  the  velocity  .is  iiivervely  as  the  area  of 

From  the  comparison  contained  in  this  tulle,  it  appears,  the  section,  the  velocity  at  the  vena  cuniracta  : the  velo- 
in  general,  that  the  velocities,  determined  by  the  two  dif-  city  at  the  orifice  : : : I.  AUo  from  the  quantity  of 

ferent  methods,  do  not  agree  together  ; ami  that  therefore  water,  running  out  in  a given  time,  and  the  area  of  the 
the  method  of  determining  the  velocity  of  the  bail  from  the  vena  contracta.  Sir  Isaac  also  determined  (hat  the  vclo- 
recoil  of  the  gun,  is  nut  gi'nerally  true,  though  .Mr.  Ro-  city  at  the  vena  contracta  is  that  which  a body  acquires 


bins  and  Mr.  Thumpsoti  had  suspected  it  to  be  m: 


in  fulling  down  the  altitude  of  the  fluid  above  the  orifice  : 


scquontly  that  the  efl'eci  of  the  influmod  powder  on  the  henc^  the  velocity  ui  the  orifice  (being  less  lhan  thut  nt 


recoil  tjf  the  gun,  is  not  exactly  the  same  when  it  is  fired 
without  a ball,  as  when  it  is  fired  with  one.  It  also  ap- 


the  vena  contracta  in  the  ratio  of  v^2  : I)  is  that  whidi 
a bocly  wi^uld  acquire  in  lulling  down  half  the  altitude. 


poarv,  that  this  diff«  rence  is  no  ways  regular,  neitberin  the  Sv'C  the  an.  Watra,  Motion  of. 

different  guns  with  the  same. charge  of  powder,  nor  in  the  V’LNTILATOR,  a machme  by  which  the  noxious  air 
same  guti  with  difl’erent  charges  : thnr  with  very  small  of  any  close  pl.tce,  .in  hoMpituI,  gaol,  ship,  chuniher, 
charges,  the  velocity  by  the  gun  is  greater  than  that  bv  dec,  mav  be  discharged  and  ihdngi'd  b*r  fresh  itjr, — The 
the  pendulum  i but  that  the  latter  always  gains  upon  the  noxious  quHliiK*s  ot  bud  air  have  licen  long  known; 
former,  as  the  charge  is  increased,  and  stiun  becomes  equal  and  Dr.  Halts  and  others  have  taken  great  piiins  to 
to  it ; afterwards  it  proceeds  to  exceed  it  more  and  more:  point  out  the  mischiefs  arUing  from  foul  air,  and  Ui 
that  the  particular  charge,  at  which  the  two  wlocities  prevent  or  remedy  them.  That  philosopher  proposed  an 
become  equal,  is  diflereni  in  the  tliflerenf  guns  ; and  that  Cio*)’  and  effectual  one,  by'  the  use*  ot  bis  ventilators  ; the 
this  charge  is  les-'^or  the  equality  so(*ncr  takes  place,  as  the  account  of  w htch  was  reail  before  the  Koval  Society  m May 
gun  is  limger.  And  all  this,  w hether  w e use  the  ariual  1741 ; and  a farther  account  of  it  mny  be  seen  in  hiv  De- 
velocity nnh  which  the  ball  strikes  the  pendtiliim,  or  the  scriplinn  of  N'eiitilators,  printed  at  London  in  8vo,  y^43; 
same  increase  d by  the  velocity  lost  by  the  resistance  of  the  and  still  further  In  part  2,  pa.  32,  printed  iii  1758  ; whvrc 


air,  in  its  flight  Irom  the  gun  t«*  the  pendulum. 

Fir/tffl/ Velocity.  5^*  Viatuai.  f'eltKity. 

VKNA  Contracta,  a term  employed  by  Sir  I«:uic 
Newton  to  denote  that  section  of  a strmni  of  fluid  issuin'* 


the  use  s nyd  applic.ilious  of  them  .ire  point*  il  *»ut  for  ships, 
aii‘l  pri-'-ons,  Jvc.  for  what  is  said  of  the  foul  air  of  ships 
niHv  be  applied  to  that  of  gaols,  mines,  workhouses,  hos- 
pitals, barracks,  5rc.  In  mints,  ventilators  may  guard 


from  an  orifice  in  the  side  or  bottom  of  a vessel,  at  the  against  the  suffocations,  and  other  terrible  accidentsarising 


distance  of  its  diameter  from  the  orifice.  When  a fluid 
VoL.  II. 


from  d.'iinps.  The  air  of  gaols  has  often  proved  infectious ; 

4C 
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ami  we  ha«l  a fatal  proof  of  tbi»,  by  the  nccolent  that  hr«p- 
pci^cl  &omc  years  since  at  the  Uld  Builey  Mssiuns.  Alter 
thitt»  venulaton  wm*  ust'd  in  the  prUon,  which  were 
worked  by  a small  windmill,  placed  on  the  top  of  New- 
gate; and  the  prison  became  more  healthy. 

Dr.  Hull's  lafther  suggests,  that  venolaiors  might  be  of 
vs«*  ill  making  s.ilt ; for  which  purpose  there  should  be  n 
strt'uiii  of  water  to  work  them;  nr  they  might  be  workerl 
by  a windmill,  and  the  brine  should  be  in  long  narrow 
ciinaU,  covered  with  boards  of  canvas,  about  u fool  above 
the  surface  of  the  brine,  to  coniine  the  stieani  of  air,  so 
us  to  make  it  uct  on  the  surface  of  the  brine,  and  Carry  oOf 
the  water  in  vapours.  I'bus  it  might  be  reduced  to  a dry 
suit,  with  a saving  of  fuel,  in  winter  and  summer,  or  in 
rr-iny  weiiibcr,  or  any  stale  ol  the  air  whatever.  Venti- 
lators, he  appii'heuds,  might  also  serve  lor  drying  linen 
bung  in  low,  lung,  narrow  gnlleries,  en^iccmUy  in  dump  or 
rainy  weather,  and  aivu  in  dry  ing  woollen  cloths,  after  they 
are  fulled  or  dyed  ; and  in  this  case,  the  vontilHturs  might 
be  worked  by  the  fulling  watcr*mill.  Ventilators  might 
also  be  u useful  appendage  to  mall  and  hop  kilns;  ami  the 
same  author  is  further  of  opinion,  that  a ventilation  of 
warm  dry  air  from  the  adjoining  stove,  with  a cautious 
bund,  might  be  of  service  to  trees  and  plants  in  green- 
hoUH*s  ; where  it  i»  well  known  that  air  full  of  the  runcid 
vapours  which  perspire  from  the  plants,  is  very  unlavour- 
ablt^to  them,  ;is  well  as  the  vapours  from  human  liixlies 
are  to  men : fur  freah  air  is  necessary  to  the  healthy 
state  vegetables,  as  it  is  to  that  of  animals. — V'entilators 
are  also  of  excellent  U'c  for  drying  corn,  hops,  and  mull. 
— Ciunpowder  may  be  thoroughly  dried,  by  blowing  air 
up  through  it  by  menus  of  vcnliUtors  ; which  is  of  great 
advantage  to  the  strength  of  it.  These  ventilators*  even 
the  smaller  ones,  will  also  serve  to  purify  most  easily  and 
cffV'cHuaiiy,  the  bad  air  of  a ship's  well,  before  a person  it 
seut  down  into  it,  by  blow  ing  uir  through  u trunk,  reach- 
ing ne.irly  to  its  boUum.  And  in  a similar  iiianrK^r  may 
Slinking  water,  and  ilbtnvted  milk,  iVc,  be  ^wlvtt•llcr^,  vi4, 
by  pavsmg  a current  of  air  through  them,  from  b<ittom  to 
top,  which  will  curry  the  olTciisivp  particles  along  with  it. 

For  these  and  other  iim's  to  which  they  might  be  ap- 
plied, as  well  as  lor  a particular  account  of  the  construc- 
tion and  disposition  of  ventilators  in  ships,  hospitals,  pri- 
sons. &c,  and  the  benefits  attending  them,  s<-e  Hales's  Trea- 
tise on  Ventilators,  pan  2 puasim  ; and  the  Fhilos.  Trans. 
vol.4.g,  pii.3.J2. 

'I'he  method  of  drawing  off  air  from  ships  by  means  of 
fn^•pipe8,  wliich  some  have  preferred  to  ventilators,  wus 
published  by  sir  Kobert  Moray  in  the  Philos.  Trans,  for 
16‘65.  These  are  metal  pipes,  about  inches  diameter, 
one  of  which  reaches  from  the  fire-place  to  the  well  of  the 
ship,  and  other  three  bntnehes  go  to  other  paits  of  the 
ship  ; (he  stove  hole  and  ash  hole  being  cIuh  d up,  the  fire 
is  supplied  with  air  ihroueh  these  piiK'S.  The  defects  of 
llu'se,  compared  with  ventilators,  a re  particularly  e.varaincd 
by  l>r.  Hales,  ubi  suprn,  p.n.  1 13. 

liMihe  hitler  part  of  the  year  I7d>l,  -M.  Trii'watd,  mili- 
tary architect  to  the  king  of  Sweden,  informed  the  secretary 
to  the  lloy  al  S^tciety,  that  he  had  in  the  preceding  spring 
invented  a innchine  f>r  the  u^e  of  shi^s  of  war,  to  draw 
out  the  foul  nir  from  under  their  decks  which  exhausteil 
36172  cubic  fec-t  of  air  in  an  hour,  oratthe  rate  of2l732 
funs  in  24  hours.  In  1742  he  sent  one  of  these  to  France, 
which  was  approved  of  by  the  Academy  of  Sciences  at 


Paris,  and  the  rvovy  of  France  wav  ordered  to  be  furnished 
with  the  like  ventiUtorv. 

Mr.  Eraviuu*  King  proposed  to  have  ventilators  worked 
by  the  fire  engines,  in  mims.  And  Mr.  Fiugeruid  has  sug- 
gested an  improved  ineihod  of  doing  this,  which  he  hai  al^ 
illustruted  by  figures.  See  Philos.  Trans,  vol.  50,  pa.  727. 

'I'liere  arc  various  ways  of  ventihitioii,  or  changing  the 
air  of  rooms.  Mr.  Tidd  contrived  to  admit  fresh  air  into 
n room,  by  taking  out  the  middle  upper  s.ish  pane  of  glass, 
and  fixing  in  its  place  a frame  box,  with  a round  bole  in 
its  middle,  about  b or  7 inches  diameu-r;  in  which  lodes 
are  fixed,  behind  each  other,  a set  of  s>ails  of  very  thin 
broad  copjjer-plsites,  which  spread  over  and  cover  the  cir- 
cular hole,  jo  us  to  make  the  air  which  enters  the  roi>m, 
and  turuing  round  these  sails,  to  spread,  lound  in  ihm 
sheets  sideways;  and  so  not  to  incommode  persons,  by 
blowing  directly  U]Hm  them,  as  it  would  do  it  it  were  not 
hindered  by  the  sails. 

This  melhoil  however  is  very  unseemly  and  disagreeable 
in  good  rooms:  and' therefore,  instead  of  it,  the  late  in- 
genious Mr.  John  Whitehurst  substituted  another;  which 
was,  tnopen  a small  square  or  ri'Ctanghir  hole  in  the  parly 
wall  of  the  mom,  in  the  upper  part  near  the  cieliiig,  at  a 
corner  or  part  distant  from  the  fire  ; amt  before  it  he 
placi-d  a thin  piece  of  metal  or  puslehoani,  &c,  attached 
to  the  wall  in  its  lower  part  just  below  (be  hole*  but  de- 
clining from  it  upwards,  so  as  to  give  the  air,  that  enters 
by  the  hole,  a direction  upwards  against  the  cieling,  along 
which  it  sweeps  and  disperses  ilsi-lf  through  the  room* 
without  blowing  in  u current  against  any  person.  This 
method  is  very  usidul  to  cure  smoky  chimneys,  by  thiia* 
adniiumg  conveniently  fresh  air.  A picture  placed  before 
th«?  hole  prevents  the  sight  of  it  from  disfiguring  the  room. 
This,  ami  many  other  methods  of  ventilating,  he  meant  to 
hate  published,  and  was  occupied  on,  when  death  put  an 
end  to  his  useful  labours.  Tocse  have  since  been  pub- 
Hshed,  via  in  179'ft  4to,  by  Dr.  Willan. 

V F.NL's,  in  .•Utnmoiny,  one  of  the  inferior  planets,  but 
the  brightest,  and  (o  appraraiicc  the  largest,  of  all  the 
planets  ; and  is  designed  by  the  mark  ^ , suppoMid  to  be 
a rude  representation  of  u female  figure,  whU  her  trailing 
robe.  Venus  is  easily  distinguished  fiom  all  the  other 
planets,  by  her  wliilciicss  and  brighturt«s,  in  which  she  ex- 
ceeds all  the  rest,  even  Jupiter  himself,  and  which  is  so 
considerable,  that  in  u dusky  place*  she  causes  an  object 
tr>  project  a sensible  shadow,  and  she  is  often  visible  in 
the  day-time.  Her  place  in  the  system  is  ihe  M'Cond  from 
the  sun,  vix,  between  M<  icury  and  tbi  earih,  and  in  mag- 
nitude is  about  equal  to  the  earth,  or  rather  a little  larger 
according  to  Dr.  Merschers  observations. 

As  Venus  moves  round  the  sun,  in  a circle  beneath  that 
of  the  earth,  she  is  never  seen  in  opposition  to  him,  nor  in- 
deed very  far  from  him;  but  seems  to  move  backward  and 
forward,  passing  him  from  side  to  side*' to  the  distance  of 
abniu  47  or  48  degrees,  b<»lh  ways,  whfch  is  her  grratesl 
elongation.  When  she  appeals  west  of  the  sun,  which  is 
from  her  infermr  conjunction  to  her  su|>eriur.  she  rises  be- 
fore him,  or  is  a morning  star,  and  is  called  Fbnspborus, 
or  Lucifer,  or  the  Morning  Star ; and  when  she  it  east- 
wards from  the  sun,  which  is  from  her  suftcrior  c<»njunc- 
ti<m  to  her  inferior,  she  sets  after  him,  or  is  an  emiing 
star,  and  is  then  called  lles|)cruH,  or  Vespi*r,  or  the  F.vcii- 
ing  Star : being  each  of  tliiaie  iu  its  (urn  for  290  days. 

The  real  diameter  of  Venus  is  nearly  equal  to  that  of 


Digitized  by  GoO'^ld 


V E N 


V E N 


c ] 


the  earth,  being  about  7pOO  miles;  her  apparent  mean 
diameter  seen  trom  the  »un,  or  her  horizontal  parallax, 
30";  but  as  seen  from  the  earth  lh"79  arcyrding  to  Dr. 
Heraclu’U  nr  16"'7  by  M.  Lalande;  her  distance  from  the 
aim  O'S  million  of  miles;  her  eccentricity  of  the 

same,  or  4-D0,000  miles  ; the  inclination  ut  her  orbit  to 
the  plane  of  the  ecliptic  3°  t23' ; the  points  of  their  inter* 
Kcciioii  or  norles  are  14^  of  n and  / ; the  place  of  her 
aphchoii  s:  10®  18';  her  axis  inclined  to  her  orbit  75®  l/; 
her  pi'riudtcel  course  round  the  sun  224  days  17  hours ; 
the  diurnal  rotation  about  her  axis  very  uncertain,  being 
according  to  Cassini  only  23  houn,  but  according  to  the 
observations  of  Uianchini  it  is  in  24  days  8 hours ; though 
Dr.  llerschel  thinks  it  cannot  be  so  much;  and  by  M. 
SchitX'ter  23h.  2fmin.  See. also  J*lak£ts. 

Venus,  when  viewed  ihniugh  a telesco^n:,  U rarely  seen 
to  shine  with  a full  face,  but  lias  phases  and  changes  just 
like  those  of  the  moon,  being  increasing,  deert'asing, 
horned,  gibbous,  iHQt  her  illumiDatcd  part  being  con- 
stantly turned  toward  the  sun,  or  directed  toward  the 
east  when  she  is  a morning  star,  and  toward  the  west  when 
an  evening  star.  These  ditferent  phases  of  Venus  were 
first  discovered  by  Galileo ; who  thus  fulfilled  the  pre- 
dicliuii  of  Copernicus:  for  when  thisexcellent  ustrunomer 
revived  the  ancient  Pythagorean  system,  asserting  that  the 
earth  ;ind  jilnncts  move  round  the  sun,  it  was  objected  that 
in  such  a case  the  phases  of  Venus  should  resemble  those 
of  the  moon;  to  which  Copernicus  repliad,  that  some  time 
or  other  that  rcscmbhince  would  be  found  out.  Galileo 
sent  an  account  of  the  first  discovery  of  these  phases  in  a 
letter,  written  from  1 lon-ncc  in  l6l  1,  to  William  dc  Me- 
dici, the  duke  of  Tuscany's  ambassador  at  I'rague ; de- 
siring him  to  ctxnmunicate  it  to  Kepler.  The  letter  is  ex- 
tant in  the  pn*face  to  Kepler's  Dioptrics,  and  a translntirm 
of  it  in  Smith's  Optics,  pa.  .H6.  Having  recited  the  ob* 
srrvuiions  he  had  made,  he  adds,  **  \S'c  have  hence  the 
most  certain,  sensible  decision  and  demonstration  of  two 
grand  qtu'stions,  whicli  to  this  day  have  been  doubtful 
and  disputed  among  the  greatest  master*  of  reason  in  the 
w«»rid.  One  i»,  that  the  planets  in  their  own  nature  arc 
opakc  br>di«N,  attributing  to  Mercury  what  vvo  hme  seen 
in  Venus:  and  the  other  is,  that  \'emis  necessarily  moves 
round  the  sun;  as  also  Mercury  and  the  other  planets; 
a thing  well  believed  intlecd  by  Pythagoras,  Copernicus, 
Kepler,  an<l  myself,  but  never  yet  proved,  ns  now  it  is,  by 
ocular  inspection  on  Venus." 

Cassini  and  Cainpani,  in  the  years  i6(>.4  and  Kififi,  both 
dtscovirvd  spots  in  the  face  of  Venue:  from  the  a(>p«*ar- 
ancc«  of  which  the  former  ascertained  her  motion  about 
her  asi>  ; concluding  that  this  revolution  was  performed 
in  le}<»  than  a day  ; or  at  least  that  the  bright  *{>ot  winch 
he  obvi  rved,  finished  iu  period  either  by  retolutioii  or 
libration  in  about  23  hoars.  And  Lahire,  m 17*X),  through 
a telescope*  of  l6  hwl,  obsemni  spot?*  also  in  Venus ; which 
be  found  to  be  larger  than  those  in  fbe  imxin. 

The  next  <ib>erTaiion«  of  the  ssme  kind  lhat  occur,  are 
iHose  of  signior  Bianchini  al  lUme,  in  1726,  1727,  172S, 
who,  with  (raniptiiii's  glB*sc>.  discovered  several  ilark  spots 
in  the  disk  ol  Venus,  of  which  lie  gav*e  an  account  nnd  a 
representation  in  bis  book  eiitillcd  Hcs|K‘ri  et  Phosphori 
Nova  Pheiiuiitcna,  publislied  ut  Rome  in  1728.  Worn 
several  succc»ive  ubM^rvation*  Bianchini  concludes  that 
a rotation  of  Venus  aliout  her  axis  was  not  completed  in 
2J  hours,  as Cavviui imagined,  but  in  24j  days;  that  the 


north  pole  of  this  rotation  faced  the  20th  degree  of  .Aqua- 
rius and  was  elevated  15  above  the  plane  of  the  cclipUc, 
and  that  the  axis  kept  parallel  to  itself,  during  llic  planet's 
it'volution  about  the  sun.  Cassini  the  son,  though  he  ad- 
mits the  accuracy  of  Biancliiiii'r.  observations  divpuii  s the 
conclusion  drawu  from  them,  and  finally  observes,  that  it 
we  suppose  the  period  of  the  rotation  ol  V'enus  to  be  23h. 
20mio.  it  agrees  equally  well  with  the  observations  both 
of  his  lather  and  Bianchmi ; but  if  site  revolve  in  24d.  bh. 
then  his  father's  observations  must  l>e  rejected  as  of  no 
Ctniscquencc, 

In  the  Philos.  Trans.  179^,  arc  published  the  results  of 
a course  of  observations  on  the  plam-i  V'enus,  begun  in  the 
year  1780,  by  M.Scbroeter, ofLilieiithal,  Breiuen.  Prom 
these  observations,  the  author  infers,  that  Venus  hus  an 
atmosphere  in  some  rc-sprcis  simijar  to  that  of  our  earth, 
but  far  exceeding  lhat  of  the  moon  in  deiisiity,  or  power 
to  weaken  the  rays  of  the  sun  : lhat  the  diurnal  ]H’riod  of 
this  planet  is  probably  much  longer  than  that  of  ittlier 
planets:  that  the  moon  also  has  an  atmosplune,  though 
less  dense  and  high  than  ihul  of  Venus : and  that  the 
niouitlains  of  this  [danct  ate  5 or  fi  times  ns  high  as  those 
on  tlie  earth. 

Dr.  lierschel  too,  bctwi'en  the  years  1777  and  17P3, 
ha*  made  a long  scrit's  of  observations  on  ini*  plant  r,  ac- 
counts of  which  are  given  in  the  Philos.  Trans,  for  17.93. 
The  results  of  these  obsiTviiiiuns  are:  th^t  the  pUiK't  re- 
volves alsout  its  axis  but  the  time  of  it  is  uncertain  : 
that  the  position  of  its  axis  is  alsti  very  uncertain:  that 
the  pUnel'i  aiinosphere  is  very  consitiemble : that  iho 
planet  has  probably  hills  and  inequalities  on  its  surface, 
but  he  has  not  been  able  to  see  luucb  of  them,  owing 
;>crhaps  to  the  great  denvify  of  its  utmu<tpbero : as  to  the 
mountains  of  Wnus.  no  eye,  be  says,  winch  is  not  consi- 
derably better  than  his,  or  asMsu  d by  much  bctU‘r  instru- 
ments, will  ever  gel  a sight  of  them:  and  that  the  appa- 
rent diamet'T  of  Venus,  at  the  mean  distance  from  the 
earth,  is  18"*79;  whence  it  may  be  infem'd,  that  this 
plunct  i*  somewhat  larger  than  the  earth,  instead  of  being 
l4.*ss,  a^  former  astronomers  have  iinngimd. 

Smneiimw  Venus  is  wrn  in  the  disk  of  the  sun,  in  form 
of  a dork  round  spot.  'Phe»eapp<^ranc<^,  called  transits, 
happgn  hut  seldom,  via,  when  the  earth  is  about  her 
nodi-s  at  the  time  of  her  inferior  conjunction.  One  of 
these  transits  was  seen  in  England  in  1639  by  Mr.  Ilor- 
roK  and  Mr.  Crahiree ; and  two  in  the  Lst  cenlui^, 
viz,  the  one  June  O',  17fH,  and  the  other  iiuJuiK*  1700. 
'{'here  will  not  happen  another  of  them  till  the  year  rs74. 
See  pAU.sLLax.  P.xcepl  such  tranrit*  hs  tlii*sv,  Vviio* 
exhibits  the  same  uppearaiKo  lo  us  ie|*uiHily  eveiy  H 
years;  her  conjunctions,  elongations,  and  times  < f tiring 
and  setting,  being  very  nearly  the  saine,oiilbe  same  day*, 
as  bt‘f(»re. 

In  IO72  und  l6s6,  Ca-svini,  with  a telescope  of  J4  feet, 
thought  he  anw  a saieilite  move  round  this  planet,  at  the 
dislHiicc  of  about  | of  VenusS  diameler.  It  had  the 
same  phases  a*  Venus,  hut  without  any  wcll-de/ineil  foiin  ; 
and  it*  diameter  scarce  exci’eded  } of  lla-  diamefr  nt 
V'enu*.  Dr.  G'egory  (Aslfon.  lib.  6,  prop.  3)  think*  it 
more  than  prububle  that  this  was  a ssiellite;  ami  sup- 
po->e>  that  the  reas^m  why  it  is  not  more  frequi-miy  wen, 
is  the  uiifitnes*  of  its  surface  to  riHiCi  the  rays  of 
Uve  sun'k  light ; as  is  the  caM>  of  the  spots  in  the 
luoofi ; for  if  the  whole  disk  of  the  moon  were  compoieii 
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(if  sucL,  he  thinks  she  could  nut  be  seen  so  fur  as  lo 
Vi  iius. 

Mr.  Short,  in  I7  10,  with  n reflecting  tele<co|K'  of  H>| 
incius  f«)Cu»,  |H-rctiveil  a small  star  mar  Venus:  with 
unoihiT  ti’lr*.*o|K*  of  the  same  f««iU!i,  marnifymu  50  or  (it) 
times,  .imi  titled  uiih  a micrometer,  he  liiuh  i its  dislunce 
fiom  Viiiu*  ah  iul  10';  and  vith  a tnn^nif)tng  pon^  r of 
C40,  he  oh-eru*d  the  star  assume  the  s;ime  phuM-s  with 
\'enus;  its  diameter  seenie«!  to  be  about  •,  i^r  sruneufuit 
less,  of  the  diameter  of  Venus;  its  light  m>i  mi  bright  and 
but  e.xcieiiiiig  sharp  ami  well  di'hiiiil.  He  Mewed 
it  for  the  space  of  an  hour ; but  never  had  itie  good  for-> 
tune  to  see  it  uftrr  the  first  morning.  Phikrs.  Trans. 
No.45;),  pa.  ()4b'. 

M.  .Moiitaign,  of  Kimoges  in  France,  preparing  lor  oi>- 
serving  the  transit  of  1701,  discovered  in  the  pnceuing 
month  of  May  a sinail  star,  alMuit  the  distance  <>f  20' 
from  Venus,  the  diameter  of  it  being  about  i of  that  of 
the  phmet.  Others  have  also  thought  they  saw  a like 
appearance.  And  imliK-d  it  must  be  acknowledged,  that 
Venus  may  have  a satellite,  though  it  be  ditlicult  b>r  us 
(o  sec  it.  Its  enlighteiUHl  Side  can  never  be  fully  turned 
towards  us,  but  when  \'enus  is  h«‘yo!id  the  smi;  in  which 
case  V’enus  her>e!l  .appears  little  larger  than  an  ordiuaiy 
star,  and  therefore  her  saielliie  may  be  too  small  to  be 
perceived  at  siicli  a tii-tance.  When  she  is  biiwci*n  us 
nud  the  sun,  her  moon  has  its  daik  side  turned  losvurds 
M>;  and  when  VVnu'  is  at  her  greatest  elongation,  there 
IS  but  half  the  enlightened  side  of  the  moon  turned  toward 
us,  and  cun  then  it  may  be  too  far  distant  to  be  seen  by 
us.  Hut  it  was  presumed,  that  the  two  transits  oi  l7t>I, 
and  17b'P,  would  afford  opportunity  for  delerintning  this 
point;  and  yet  wie  do  not  lind.-lbotigh  many  observers 
directed  their  attention  to  this  object,  that  any  satellite 
was  ifu-n  seen  in  the  sun's  disk  ; unless  wc  except  two 
persons,  viz,  an  ammyinou*>  wiiierin  the  London  Clmmi* 
cle  of  May  who  says  lliat  he  saw  the  Mitellite  of  Ve« 
mis  oil  the  sun  the  day  of  the  iraiiait,  at  St.  Neot's  in 
Huntingdonshire;  that  it  moved  in  u truck  parallel  to 
that  ol  \'(.-iius,  but  nearer  the  ecliptic ; that  Venus  quitted 
the  Min's  de«k  at  miiiuies  after  8,  und  the  satellite  at 
h'  niiimu^  ufrer  9;  and  M.  Mnniaign  at  Liniog*^,  whose 
account  of  bis  uh>rr\.itions  is  m the  Memoirs  of  ihe^ca* 
demy  of  F*ri»i,  whence  rht*  following  certificate  is  cx- 
trucii-d: — ('ERTirK^ATK.  “We  bwvuig  examined,  by 
order  of  the  Academy,  the  remarks  of  M.  Haudouin  on 
a new  obtk’ivuiion  of  rbe  satellite  of  Venus,  iniide  at  Li- 
mogts  the  lUh  of  May  by  M.  Montsign.  This  lourth 
observation,  of  gnat  importance  for  the  theory  of  the 
satellite,  has  shown  that  its  revolution  must  be  longer  than 
appeari'd  by  ific  first  three  observalioiu.  M.  Huudouin 
believes  it  may  be  fixed  at  12  days;  as  to  its  distance,  it 
appears  to  him  to  be  50  semidlaineters  of  Venus  ; w-henre 
be  infirs  that  the  mass  of  Venus  is  equal  to  that  of  i]h> 
earth.  This  mass  of  Venus  is  u very  (*sseittial  element  to 
astronomy,  as  it  enters  into  man)  cuinpuiatious,  and  pro« 
duces  dideieni  phenomena  : Ate. 

Signed  L*Abb6  He  LaCuille, 
He  \ji  l.aiide.'* 

VKRHEK.VnON,  in  Physics,  a term  used  to  express 
the  cause  of  sound,  which  arises  from  a lerberufion  of 
the  air,  when  struck,  in  divers  manners,  by  the  several 
parts  of  the  sonorous  body  first  put  into  a vibratory  mo* 
lion. 
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VKIINAL,  soinitiiing  Ulonging  to  the  spring  season  : 
as  vermi)  vigus,  vetnal  < quinox,  iac. 

VKKNIl.K,  Is  it  sc.ile,  tir  a division,  well  adapted  for 
the  gradmilion  of  innlht'imitical  instruments,  \o  called 
from  Its  iiiveiilor  Peter  \ (rider,  n gciulenmn  of  Fmnehc 
Coiiiie.  who  pubtj>hed  the  di'coveiy  m a small  tract,  cn* 
titlcil  ia  Construclion,  ITjsage,  et  les  Pr<»prh  te*  du 
Quiidrniit  Nouveau  do  Malbetnallque  pruned  nt 
HnisMiU  III  l6;>l.  'Fhis  wns  nii  im)>ioveii)etit  on  the  me* 
ihod  ot  division  pmpoM-n  by  Jecobua  Curtiuft  printed  by 
Tycho  iuClavius's  Astrolabe,  in  VenueiS  method 

Ol  divisiim,  or  dividing  plate,  lias  been  very  comniOnly, 
thoush  erroneously,  calUd  by  the  numr  ol  Nonius;  llic 
meihiKl  of  N<mius  being  very  dificreitl  from  that  of  Ver* 
iiier,  and  much  less  coiiv*i‘nicut. 

When  the  rrlulive  tinit  of  any  lino  is  so  divided  info 
many  Miiiill  equal  parts,  those  parts  may  be  too  numerous 
to  be  iiitriiduced,  or  if  introduced,  they  may  Ih>  too  close 
lo  one  another  to  b(*  readily  counted  or  (climated  ; for 
vvhiili  re.onii  there  have  been  various  meliiods  contrived 
for  estimating  the  aliqdoi  parts  of  the*  small  divisions^ 
into  which  the  relative  unit  of  a line  may  be  coinmodi* 
(juvly  divided ; and  among  flniM*  niethodv,  VerniiTs  has 
hern  most  justly  prefeircd  to  all  others,  l or  a curious 
history  of  ihi«,  and  other  inventions  of  a similar  nature, 
see  Robins's  Malii.  Tracts,  vol.  2,  pa.  v\c. 

This  iiu|  rn<d  inilliou  of  subdividing  sculcr  divisi'oni, 
was  liisi  published  by  Peter  Vernier,  a |>i‘rson  of  dis* 
tiiictiun  in  Frunchc  Comte,  in  u very  small  tract,  en* 
titled,  The  Cons|(uction,  the  Use,  and  the  Properties  of  a 
New  Matlieuialic.(l  (juadruiU,  \c.  In  liis  dedication, 
having  shown  its  preference  to  what  has  been  done  in  the 
nfTair  by  Nune/  and  Claviiis  he  adds,  Mine  having  all 
these  lidvnniuges  over  the  others,  it  ii  not  without  reason 
that  1 cull  It  new  and  of  my  own  invention. 

In  the  prelace  also  he  claims  it  as  his  own  invention, 
and  says,  by  it  a quadrant  of  3 inchv's  is  rendered  capa* 
ble  of  determining  mimites.  In  hisUook  he  shows  how 
to  apply  It  to  iiistrumeuu  of  difkient  dimensiens.  His 
contrivance  is  a moveable  arch  divided  into  equal  parts, 
one  Uu  If)  numin-r  than  (be  diviMons  of  the  portion  of  the 
limb  corrtifpondiiig  lo  it. 

Vernier’s  scale  then,  is  a small  moveable  arch,  or  ivcoie, 
sliding  along  the  limb  of  a quxdraur,  or  any  other  gn<* 
duat(‘d  stale,  and  divided  into  e<|ual  parts,  that  are  One 
less  in  number,  than  the  divisions  of  the  portitm  of  the 
limb  corri*sponding  U)  it.  So,  if  we  want  to  subdivide- 
the  graduations  on  any  scale  into  (forex.)  10  equal  parts  ; 
we  must  make  the  vernier  equal  in  length  to  M of  those 
graduations  of  the  scale,  but  dividing  the  same  length  of 
the  vernier  itself  only  into  10  equal  parts;  for  then  it  is 
evident  that  each  division  on  the  vernier  will  be 
pan  longer  than  the  gradations  on  the  instnunenl,  or  (hat 
the  division  of  the  fonner  is  equal  to  of  (he  degree  on 
Uie  latter,  as  that  gains  I in  10  upon  this. 

Thus  let  AB  b(‘  H pan  of  the  upper  end  of  a barometer 
tube,  the  quicksilver  vtanding  at  the  point  c ; from  2$  In 
31  is  a part  (}f  the  M:Bir  of  inches,  via,  from  28  inches 
to  31  inches,  divided  into  lOlhs  of  inches;  and  the 
middle  piece,  from  1 lo  10,  is  thi‘  vernier,  that  slides  up 
and  down  in  a groove,  and  having  10  of  its  divisions 
equal  to  ]1-I0ths  of  the  inches,  for  the  purpose  of  sub* 
dividing  every  lOlh  of  the  inch  into  10  parts,  or,  tho 
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mcht*^  into  crnitnms  or  100th  ptris. 
in  praciict'f  the  mcthoei  ut*  counting 
i>  by  disserving  (wbrn  ibe  vernier  is 
SCI  with  in  index  at  ttip,  pointing  ex> 
atii):  against  the  upper  buruce  of 
the  htercury  in  the  tube)  which  di- 
sisidn  of  the  vernier  it  U that  ex- 
actly, or  nenrevt,  coinciites  with  a 
division  in  ihe  scale  of  1Uth»  of 
inches,  for  that  will  show  the  num- 
ber of  lOOths,  over  the  lOths  of 
inches  next  beUnv  the  index  at  tup, 
Su,  in  ihe  annexed  figure,  ihe  top  «>f 
the  vernier  is  between  2 and  $ tenths 
alajv#  the  30  inches  of  the  hantme> 
Icr;  and  UxiMi'ie  the  8tb  division  of 
the  vernier  is  seen  tu  coincide  with  a 
division  ijf  the  this  shows  that 
it  is  H ctnlesins  more:  so  that  the 


height  of  the  quicksilver  aliogrlher,  is  30*28,  that  i*,  30 
inches,  and  2H  hundredths, oi  2t<  iitbsand  8 hundredths. 

If  the  scale  wcTt*  not  inches  nnd  lOths,  but  degrees  of 
a quadrant,  &c,  then  the  8 would  be  ^ degree, 

or  48  ; or  if  every  division  on  the  scale  be  10  minute^, 
then  the  vernier  will  subdivide  it  into  single  minutes, 
nmi  (lie  & will  il»cn  be  8 minutes.  And  so  for  any  other 
cjise. 


By  nltering  the  number  of  divisions,  either  in  the  de- 
gree's or  in  the  vernier,  or  in  both,  an  angle  enn  be  ob- 
served to  many  different  degrees  ot  accuracy.  'I'hus,  if  a 
degree  on  a quadrant  be  divided  into  12  parts,  each  be- 
ing 5 miuuies,  and  the  length  <«f  the  vernier  be  21  such 
parts,  or  and  divided  into  20  parts,  then 


13  so  S40  4 

is  the  smallest  division  the  vernier  will  measure  to;  Or, 
if  the  length  of  the  vernier  be  and  divided  into  30 

Ivarts,  then 


13 


ilO  J60  ft " » 


is  the  smallest  |wrt  in  this  cas<*:  Alsu 

-Lx~=  — =!-i' 

13  so  too  10  ’ 


is  the  smallest  part  when  the  vernier  extends  4|®,  See 
KolxTlson’s  Navigation,  b(H«k  5,  pa.  279. 

But  though  the  vernier  was  thus  originally  divided  into 
one  /cm  than  the  corriwpondent  length  on  the  scale,  yet  a 
practice  has  gradually  come  imo  use,  of  dividing  it  into 
one  part  more  tlian  ihoae  of  the  scale;  so  that  it  is  now 
tnore  usual  to  practise  this  loiter  viay,  than  the  former. 

M.  Delambre,  in  bis  Abregc  d'Astronnmie,  1813, 
fMi.  48,  says,  The  gen.  'ral  formula  is,  to  lake  tt—  I parts  of 
the  limb,  and  to  divide  them  into  n parts  on  the  vernier,  or 

the  formula  is  then  the  vernier  gives  the  part 

of  the  division  of  the  limb.  This,  says  be,  I call  the 
Direct  Vernier^  becauM:  the  numeration  on  it  proceedi  in 
the  same  way  as  on  the  4imb.  There  is  anolher,*w  hich 
I call  the  Retrograde,  becausi*  the  numeration  on  it  reads 
the  contrary  way:  this  is  rather  less  common;  and  its 

formula  is  ; but  the  principle  is  the  same,  as  well  as 
Uie  use. 


Tor  the  method  ofapp1yii;g  the  vernieMo  a quadrant, 
see  liaUfe/a  QuaUrant.  anti  for  llm  application'll 
this  insirunieni  to  u telescope,  and  the  principies  ol  its 
construct! jp,  see  i>mitii*s  Optics,  l»H»k  3,  »t'ct.  861, 

VERSED  Sine,  of  an  arch,*  is  the  part  ol  e diameter 
intercepted  betwt'en  tho  sine  and  the  commcncenient  of 
the  arc;  and  it  i»  i-qual  to  the  ditfi*rence  belwren  the  ra- 
dius and  the  cosine.  See  Seised  Six  a.  And  for  corerted 
sine,  sec  (hiVE.Ksr.0  Sine. 

VEKFEX  of  an  yfatf/e,  is  the  .iiigular  point,  or  the 
pt»inl  where  the  legs  or  sitU  s ol  the  angle  meet. 

\ S'RTt;x  (ff  a Figure,  is  the  up';>erino»t  poiqt,  or  llie 
verle.x  ol  the  angle  opposite  lt>ihe  have. 

V rvRTEX  ttf  o Cwirr,  is  the  cxlrtunity  of  the  axis  or  dia- 
meter, or  It  is  the  puirit  where  the  diameter  meets  the 
curve ; which  is  also  the  vertex  of  the  4;anu‘ier. 

\ tUTRX’ii/’  a Olftas,  in  Optics,  the  Mime  as  its  pole. 

VKitTKX  IS  aUo  used,  in  Astronomy,  lor  the  point  of 
the  heavffis  vertically  or  perpendicularly  over  our  beads, 
aUo  railed  Ihe  zeuith. 

VERTtx, /*rttA  See  Path. 

VEHTICAL,  something  reiatins  to  the  vciiex  or  high- 
>sl  point.  As 

Vertical  Point,  in  Astronomy,  is  the  same  with  ver- 
tex, or  zenith.— Hence  a star  i»  said  to  be  vertical,  when 
it  happens  to  be  in  that  point  which  is  pCMpemlicuUrly 
over  any  place. 

Vertical  Cmle,  is  a great  circle  o£  the  sphere,  pj«s- 
ing  through  the  zenith  and  nadir  of  a place.— Fhc  vertical 
circles  are  also  caiK*«i  HZimiilhs.  The  rneridiAn  of  any 
place  is  a vertical  circle,  viz,  that  particular  i>rK>  which 
passes  through  the  north  or  south  point  of  the  boiizun. — 
All  the  vertical  circles  intersect  one  another  iu  the  zenith 
and  nadir. 

Tlie  use  of  the  vertical  circles  i#  to  estimate  or  measure 
the  height  uf  the  stars  &c,  and  their  distatic(*8  from  the 
zenith,  which  is  reckoned  on  tb«  »e  circles ; and  to  liod 
their  eastern  and  uesiern  amplitude,  by  observing  hn«r 
many  degrees  the  vertical,  in  which  the  star  nso  or  set», 
is  distant  from  the  meridian* 

/ViW  Vertical,  is  that  veriiclc  circle,  nr  azimuth, 
which  pusses  through  the  p<*lcs  of  the  m'Tidian ; or  which 
is  perpendicular  to  the  meridian,  and  pusses  through  tho 
equinoctial  p«.ints.  , 

Prime  V'ertiCal^,  in  Dialling.  See  Prisie  Verticals, 

V'r.UTiCAL  nf  </<«  Sna,  is  the  serticui  which  passes 
through  the  centre  of  the  sun  at  any  moment  of  lime.— 
Its  Use  is,  in  dialling,  |o  fiiul  the  decimation  of  lot*  plane 
on  which  the  dial  is  to  la!  drawn,  which  is  d<  ne  by  ob- 
serving h*>w  many  th  gms  that  s-criical  is  distant  from  the 
meridian,  after  marking  inc  puiiU  or  lin«!  of  ibe  shatlow  on 
the  plant*  at  any  tinx'S. 

Vertical  D/cA  See  Pcr/ictt/ Dial. 

V'ehtical  Lint,  in  DiMUing,  is  aline  in  any  plane  ps'r- 
pendicular  to  the  horizon.— This  is  best  Ibuiid  ami  drawn 
on  an  erect  and  n*cliiiing  plam*,  by  steadily  holding  up  a 
string  and  plummet,  ;uid  then  marking  two  points  of  the 
shadow  of  the  thuad  on  tlo*  plane,  a good  distance  from 
each  other  ; ami  drawing  a hue  through  these  murks, 

V'ertical  Line,  in  Conics,  is  a line  drawn  on  the  ver- 
tical plane,  and  through  theverte.x  of  the  cone. 

Vertical  Line,  in  Perspective.  See  Vertual  Lire. 

Vertical  Pinue,  in  Conics,  is  a piano  puRstug  through 
ihe  vertex  of  a cone,  and  parallel  lo  zuy  conic  section. 
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Vertical  in  IVr^pcclive.  See  Plake  ami 

PLRhfFCTlVK. 

Vertical  Anzitt^ox  OppoiUe  Anzfrs^  in 
(ffHiinciiy,  Hre  :»ui.'h  Imve  (bur  icg'»  or 
conliituatiuiib  ot'  cu(fti  other,  und 
which  C(in»c<(uenily  hiivc  the  »ame  vertex 
01  angular  |)uint.  So  the  an^lrv  a and  h 
are  vertical  auj^lea;  asahn  the  angles  c and 
J.  V't  rlical  angh'^are  equal  to  each  other. 

VKUTICI  TY,  !■»  Uiat  property  of  the  mugnet  or  luado 
stone,  ur  of  a needle,  ^cc  touched  with  it,  by  which  it  turns 
c>r  directs  itself  to  sonic  {Kxuliar  point,  as  to  its  |>oIe.-^ 
The  atimction  of  the  magnet  was  ktv>wn  long  before  iU 
VI  rticily. 

V'HnU,  a coinci,  according  to  some  writers  resembling 
a spit,  being  m’ai||'  the  saim>  as  the  ioncbites  only  its  head 
is  rounder,  und  it?  train  lunger  and  sharjKT  |MAmetl. 

VESPER,  in  Axtrunumy,  called  also  HcKperus,  and  tlie 
Kvenitig  Star,  is  tbeplauci  Venus,  wiien  she  is  eastward  of 
the  sun,  and  coUK-quontly  sets  after  hire,  and  shines  as  au 
evening  star. 

VESPERTINE,  in  Astronomy,  is  when  a planet  is  de- 
scending to  the  west  after  sun'sel,  or  sbim^  as  uu  evening 
star.  ' 

V'ESTA,  one  of  the  small  planetary  bodies  revolving 
between  the  planets  Mars  and  Jupiter.  It  was  discovered 
by  M.  Oibers  the  29th  of  March.  180/,  and  is  the  iK’art>st 
to  Mars  of  the  4 small  planets.  S'c  my  Recreations, 
vpl.  3,  pa.  144. 

Vh>TlBL’LE,  in  Architecture,  a kind  of  entrance  into 
a large  building;  being  an  open  placo  before  the  hall,  or 
at  the  bottom  of  the  staircase. 

VIA  LACTEA,in  Astronomy,  the  milky  way,  or  Galaxy. 
See  Galaxy. 

Via  Solis,  or  Sun’*  Wa^y  n used  among  asironomers. 
for  (be  ecliptic  line,  or  path  in  which  the  sun  seems  always 
to  move. 

VIBRATION,  in  Mechanics,  a regular  reciprocal  mo- 
liou  of  u body,  as,  for  example,  a pendulum,  v^icb  being 
freely  smjvended,  vibrates  or  swings  from  side  to  side  of 
the  vertical  liitc.  Mechanical  authors,  insd  ad  of  vibra- 
tion, often  use  the  term  oscillation,  es})ecia!iy  when  speak- 
ing of  a body  that  thus  swings  by  means  of  its  own  gra- 
vity or  weigbL 

The  vibrations  of  the  same  pendulum  are  all  isochro* 
nal;  that  is,  tbey^re  performed  in  an  equal  time,  at  least 
ill  the  sanu*  latitude ; for  in  tower  latitudes  they  arc  found 
to  be  slower  tlmn  in  higher  ones.  Sc*e  PexDULU.w.  Iti 
our  latitude,  a prtidulum  3.9|  inches  long,  vibrates  se- 
conds, making  60  vibrations  in  a minute. 

The  vibrations  of  a longer  fHtidulum  t>«ke  up  a longer 
time  than  liiose  of  a shorter  one,  and  that  in  thd  subdu- 
plicate  ratio  of  the  lengths,  oi  the  ratio'of  the  square  roots 
of  the  lengths.  Thus,  if  nitc  p<*ndulum  be  40  inches  in 
length,  and  another  ouly  10  inches,  the  former  will  he 
double  the  time  of  the  latter  in  making  a vibmrion  ; for 

40  : v^lO  : : v^4  : that  is  as  2 to  1.  And  t>erau»e 

the  liumbiT  of  vibrations,  nuide  in  any  given  time,  is  reci- 
procally as  the  duration  of  one  vibration,  ihcrvforc  the 
nuinUr  of  such  vibrations  is  in  the  reciprocal  subdupli* 
cate  r tio  of  the  lengths  of  the  pendulums. 

M.  Mout(»n,  n prti'st  of  Lyons,  wrotva  treatise,  expressly 
to  rIiuw,  that  by  means  of  the  number  of  vibrations  »f  a 
given  pendulum,  iu  a certain  time,  may  be  estabiisbed  an 


universal  measure  thruughimt  the  whtilc  world  ; ami  mny 
fi\  the  several  meusurt'S  (hat  are  in  use  among  us,  in  such 
u mminer,  as  that  they  might  be  recovered  again,  il  at  any 
time  (hoy  should  cbaucc  to  bt^  lost,  as  is  the  Cose  of  m(»sl 
of  the  ancient  lueusurcs,  which  wc  now  only  know  by  con* 
jecture. 

7Ae  ViBRATUfxa  cf  a Sireiched  Chord,  or  Smag,  ariso 
from  its  elasticity ; which  power  being  in  this  case  similnr 
to  gravity,  as  acting  uirifurntly,  the  vibrations  of  a chord 
follow  the  same  laws  a»  those  of  pendulums.  Conse- 
quently the  vibrations  of  the  same  chord  equally  streich- 
(h1,  tliuugh  they  be  of  unequal  lengths,  are  Um'hruiMl,  or 
uie  performed  in  equal  times;  mid  the  squares  of  the  limes 
of  vibration  arc  to  one  anutiier  inversidy  as  their  lcn»ious, 
or  |)owerv  by  which  they  arc  stretched.  « 

, 'J'he  vibrniions  of  a .spring  too  arc  prop«r(ionHl  to  the 
|>owers  by  which  it  it  benU  These  follow  (be  same  laws 
as  lliusc  of  the  chord  and  pendulum;  and  consequently 
are  itochhinal ; which  is  the  founduliou  of  spring  UMtcb«*a. 

ViBHATiOKa  are  also  used  in  Physics,  ^c,  and  <ursrvi«. 
rai  other  regular  alternate  motions.  S-mation,  for  in- 
stance, is  supposed  to  be  (KTrorined  by  tneans  of  tlio  vi- 
bratory motion  of  the  KiuteiUt  of  the  nerves,  Uguii  by 
external  objects,  and  propagated  to  the  brain.  This  doc- 
trine has  been  particularly  illustrated  by  Dr.  Hartley,  wUo 
has  e.Mended  it  farther  than  any  other  writer,  in  establHh- 
itig  a new  theory  of  our  mental  0|x'rations.  The  same 
ingenious  author  also  applies  the  doctrine  of  vibratiom  to 
the  explonution  of  muscular  mutiuii,  which  he  thinks  ia 
performed  in  the  same  general  manner  as  sensation  and  the 
perception  of  ideas.  Sec  his  Observations  on  Man,  vol.  1. 

The  several  kinds  and  rays  of  light,  Newton  conceives 
to  make  vibrations  of  divers  roagnitudi-s ; which,  accord- 
ing to  those  magnitudes,  excite  sensations  of  scK'ral  co- 
lours; "^uch  after  the  same  manner  a.H  vibiuttuns  of  air, 
according  to  their  several  magnitudt's,  excite  sc'iisaliuns  of 
several  sounds.  See  the  article  Colour. 

Heat,  according  to  the  same  author,  is  only  an  accident 
of  light,  occasioned  by  the  rays  putting  a fine,  subtilo, 
etheri'al  medium,  which  pervades  all  bodies,  into  a vibra- 
tory motion,  which  gives  us  that  aensation.  Ncellx.vT. 
From  the  vibrations  or  puHvs  of  the  same  medium,  he 
accounts  for  the  alternate  fiis  of  ea«y  refli'Clion  and  ready 
transmission  of  the  rays.— fn  the  Philosophical  Transac- 
tions it  is  observ'ed,  that  the  buUerlly,  into  which  (he  silk- 
worm is  transforme<i,  makes  130  vibrations  or  motions  of 
its  wings,  in  one  cuiiiyn. 

VIETA  (Eraxci«\  a very  celebrated  French  mathe- 
malician,  wus  bom  in  1540  at  Fontrnai,  or  Funtmai-lr- 
Cotnl^,  in  Lower  Poitou,  a province  of  France,  lie  was 
ma.vtt-rof  requests  at  Paris,  where  he  died  in  l60S,  being 
the  63d  year  of  his  ngt^  Aiuong  other  branches  of  learn- 
ing in  which  Im*  excelled,  he  was  one  of  tlic  most  respecta- 
ble mathematicians  of  the  I(>th  century,  tw  indetd  of  nnj 
age.  His  writings  abound  with  marks  of  great  originality, 
and  the  llnesl  genius,  as  well  us  intense  appiicati^.  In- 
dtvd  such  WHS  ilte  vigour  of  bis  perseverance,  that  he  has 
soim-imus  romuinecl  in  bis  study  for  three  days  togt'tlier, 
wiihoiR  twling  or  sleeping.  H«  inventions  and  improve- 
ments in  hH  parts  of  the  mathematics  were  very  consi-* 
deraidc.  He  was  in  anianner  tbe  inventor  and  introducer 
of  specious  algebra,  in  wrhich  letters  are  used  instead  of 
numbers,  as  well  as  of  many  beautiful  theorems  in  that 
science  full  explanation  of  which  may  be  found  under 
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fh«  a^'liclc  Algebra,  hd(I  stiDmore  in  my  Tracts,  vol. 

He  mailc  al>i>  cousiilerable  improvements  in  geometry  and 
(rigonomciry.  ilis  angular  scctiuns  are  a very  ingenious 
ami  masterly  perfurmance:  by  these  he  was  euablctl  to  n- 
solve  the  problem  of  Adrian  Roman,  proposed  to  all  ina- 
ibemaiicians,  amounting  to  ancquaiiun  nf  ttic  4jlh  degree. 
Rumunus  was  so  struck  with  his  vigacity,  that  be  imme- 
diately quitteni  bis  residence  e»f  Wirtibourg  in  Fraiicunia, 
and  came  to  France  to  visit  him,  and  solicit  his  friend- 
ship. His  Apollonius  Callus,  being  a n sturatiun  of  Apol- 
hmius’s  tract  on  Tangencics,  and  many  other  gcoineirical 
pieces  to  be  found  in  his  works,  give  proofs  of  the  hnest 
taste  and  genius  fur  true  geometrical  spe^culatioiu.— He 
gave  some  masterly  tracts  on  trigonometry,  both  plane  and 
spherical,  which  may  be  found  in  the  collection  of  bis 
works,  publisheri  at  Ixyden  in  l6id,  by  Scbuuten,  besidi's 
another  large  and  si'parute  volnme  in  folio,  publisberl  in 
the  author’s  life-iitnc  at  Paris  in  1579,  containing  exten- 
sive trigonometrical  lublrs,  with  the  construction  and  use 
of  the  same,  which  arc  particularly  described  in  the  intro- 
duction to  my  Logarithms,  pa.  4 &c.  To  this  complete 
treatise  on  trigonnme'try,  plane  and  spherical,  arc  subjoin- 
ed several  miscellaneous  problems  and  observations,  such 
as,  the  quadrature  of  the  circle,  the  duplication  of  the 
cube,  &c.  Computations  are  here  given  of  the  ratio  of 
the  diameter  of  a circle  to  the  circumfe  rence,  and  of  the 
length  of  the  sine  of  1 minute,  both  to  a great  many 
places  of  figures;  by  which  he  found  that  the  sine  of  1 
minute  is  between  290888 1959 
and  2y0888205ti ; 

also  the  diameter  of  a circle  being  1000  &c,  that  the  peri- 
meter of  the  inscribed  and  circumscribed  polygon  of 
39>'^216^  sidt's,  will  be  as  follows,  via,  the 

perimeter  of  the  inscribed  polygon  3UI592(»535 

perim.  of  the  circumscribed  polygon  31415926537 
and  that  thertfiire  the  circumference  of  the  circle  lies  be- 
tween these  two  numbers. 

Vieta  having  ob^erxed  that  there  were  many  faults  in 
the  Lfft-gorian  Calendar,  as  it  then  exiiltnl,  he  composcxl  a ^ 
Dew  iurm  of  it,  to  which  he  added  pi'qictual  cunons,  and 
an  explication  of  it,  with  remarks  and  objeclioas  against 
Clavius,  whom  he  accus^'d  of  having  deformed  the  true 
LcHwn  reformation,  by  not  rightly  understanding  it. 

Besides  Ihos**,  it  m ems  a work  greatly  e«tecme<l,  nnd  the 
loss  of  which  cannot  be  sufficiently  defilored,  w.'is  his  Har- 
montcon  Cceleste,  which,  being  communicated  to  father 
Mersenne,  whs,  by  some  perfidious  acquaintance  of  that 
hoBi-st- minded  penon,  surnpiitiuusly  tiiken  from  him, 
and  irrecoverubly  lost,  or  suppresseil,  to  the  gn  at  detri- 
Aiint  of  the  literary  world.  There  were  also,  it  is  said, 
olhi  r works  of  an  asimnomical  kind,  that  have  been  bu- 
ried ill  the  ruins  of  time. 

V'ii  ta  was  ul-o  a profound  decipherer,  an  accomplish- 
ment that  proved  very  useful  to  his  country.  .4s  (he  dit- 
fers*nt  parts  of  tin*  Spanish  monarchy  lay  very  distant  from 
one  another,  when  they  had  occasion  to  comniuiiicaie 
any  secret  designs,  they  wrote  them  in  ciphers  and  un- 
known characters,  during  the  disorders  of  the  league  : the 
cipher  was  composed  of  more  than  500  dilfen-iu  charac- 
ter?, which  yielded  their  hidden  contenis  to  tlic  penetrating 
gtnius  of  Vieta  alone.  His  skill  90  disconcerted  the 
Spanish  councils  for  two  years,  that  they  published  it  at 
Row,  and  other  parts  of  Europe,  that  the  French  king 
had  only  discovered  their  ciphers  by  means  of  magic. 


VINCULUM,  in  Algebra,  a mark  or  character,  either 
drawn  over,  or  including,  or  some  other  way  accompany- 
ing, a factor,  divisor,  dividend,  5tc,  w hen  it  is  compounded 
of  several  letters,  c|uamitH5,  or  terms,  to  connect  them 
together  us  one  quantity,  and  show  (hat  they  urc  to  be 
multiplied,  or  divided,  Stc^  together. 

Vieta,  1 think,  first  used  the  bur  or  line  over  the  quan- 
tities, fur  a vinculum,  thus  » b\  ami  Albeit  Girard  tha 
pareiith»*>is  thus  {a  b)  ; the  former  way  (King  now 
cbiefiy  used  by  the  English,  and  the  latter  by  most  other 
Europeans.  Thus  a b x c,  or  (a  *i-  5)  x c,  denotes 
(he  pruiluct  nf  c and  the  sum  a -h  b comidered  as  one 
quantity.  Also  y'a  -t-  6,  or  ^(a  -i-  ft),  denotes  the 
square  root  of  the  sum  a 6.  Sonietimis  the  mark  : is 
H‘t  before  a compound  factor,  as  a vinculum,  e*pccially 
when  it  is  very  long,  or  an  infinite  series ; thus3o  x : I — 

-+•  — 4i-’  5r*  btc, 

VINUEMl.ATRIX,  or  Vikdemiator,  a fixed  star  of 
the  third  magnitude,  in  the  northern  wing  of  the  constel- 
lation Virgo. 

VIRGO,  In  Astronomy,  one  of  the  signs  or  constella- 
tions of  the  xodisic,  which  the  sun  enters  about  the  21st 
or  22d  of  August ; being  one  of  the  48  old  constellations, 
ami  is  mentioned  by  the  astronomers  of  all  ag«'s  and  na- 
tions, whose  works  have  readied  us.  Anciently  the 
figure  was  lliat  of  a girl,  almost  naked,  with  an  ear  of 
Corn  in  her  hand,  evidently  to  denote  the  time  of  harvest 
among  the  pe«.p!e  who  invented  this  sign,  wht>ever  they 
were.  But  tlie  Gfi'eks  much  altered  the  figure,  ivith 
ciuthtf,  wings,  &c,  and  variously  explained  the  origin  of 
it  by  their  own  tables : thus,  they  tell  us  that  the  virgin/ 
now  exalted  into  (he  skies,  was,  while  on  earth,  (hat  Jus- 
tilia,  the  daughter  of  Astneus  and  .Ancora,  who  lived  in 
the  golden  age,  and  taught  imuikind  their  duty  ; but  who, 
when  their  crimes  increased,  wu«  obliged  to  h ave  (he 
earth,  ami  take  her  place  in  (he  heavens.  Again,  Hesiod 
gives  the  Celestial  maid  Hiu»tlier  origin,  and  says  she  was 
the  daughter  of  Jupiter  and  TbrmU.  There  are  aKo 
others  who  depart  from  lioih  the^e  accounts,  'und  make 
her  to  have  been  Erigone,  the  daughter  of  Icurius;  whde 
others  make  her  PanlMUC,  the  daughter  of  Apollo,  who 
placed  her  there;  and  others,  from  the  ear  of  corn,  make 
it  a repn'H.miation  of  Ceres  ; Hnd  others,  from  the  obscu- 
rity of  her  head,  of  Fortune. 

The  ancients,  us  they  gave  each  of  the  12  months  of 
the  year  to  the  care  of  »ome  one  of  the  t2  principul  dei- 
ties, so  they  also  threw  into  the  protection  of  e.tch  of 
these  one  f)f  the  12  signs  of  the  zodiac.  Hctice  Virgo,  trnm 
the  ear  of  corn  in  her  hand,  naturally  fell  to  the  lot  nf 
Ceres,  and  we  Hccurclingiy  find  it  called  Signum  Cereris* 

The  stars  in  ^le  constellation  Virgo,  in  Ptolemy’s  ca- 
talogue, arc  32;  in  Tycho’s  33;  in  Hcvehus’s  50;  and 
in  the  Briraiinic  1 10. 


VIRTUAL  Fockj,  in  Optics,  is  a point  in  the  axis  tf  a 
glass,  wiuTC  (he  continuation  of  a refracted  ray  meets  it. 
Thus,  let  D br*  the  centre, 

and  UBE  the  axis  of  the  \ * 

glass  ab;  upon  whicli 

fulls  the  ray  tA.  Now  ^ * *•. 

this  ray  will  not  proceed  i> ' 

straight  forward,  as  ah,  after  piu-Miig  the  glass  hut  will 
lake  the  Course  as  ak,  being  defiecied  from  (he  perpemli- 
cular  A n.  If  then  the  rcfracuxl  ray  k a be  preducul,  by 
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Alt  to  Uie  axi^  lit  Zy  ibiA  point  z .Mr.  Molincux  calls 
tW  Virtual  focu»,  or  |w>intol  il»vrrgcnct\ 

ViuTUAl.  i'etocti^y  of  tt  point  urgtU  by  any  fort'c,  Ue- 
notfS  tlic  flniiCiit  i>i  the  space  uhicli  it  would  deacrilx^  in 
the  dlreClii'n  of  the  pouer,  when  the  system  U suppused* 
to  have  »ut1iTi'(]  an  indclinitciy  small  derungenu'nt. 

The  principle  of  virtual  vclociue*,  in  meciianics,  is 
much  used  by  the  lorvign  matbcmutK’iunv,  and  is  thus 
enunciated  : li  any  system  uhatt'ur»of  bodies  or 
be  urged  on  powers  m cqiiilibrio,  aiul  there  be  given  to 
Ibis  system  any  small  mulioh,  by  virtue  of  whicli  every 
point  describes  an  indefinitely  small  space;  then  the  sum 
of  the  products  of  each  power  multiplied  by  the  space, 
which  the  pinut  when*  it  is  applied  would  dcscrilie,  ac» 
cording  to  tlic  tlircclion  of  the  sjime  power,  will  be  ai* 
<vays  equal  to  zero  or  muhiiTg ; n'gnnling  as  positive  the 
small  spaceii  dt'scnbi-d  in  the  direction  of  the  powers;  and 
as  negative,  ihose  described  in  the  opposite  sense.— 'I'his 
princi]>lc  is  due  to  Galileo.  For  its  history  and  demon- 
stration, I.Agratigc,  Mecanique,  pa.  B See  nUo  Four- 
nier's deinonsinition  in  6*  Cuheir  du  Journal  de  I’Fcolc 
Polylechniqiie. 

VIS,  a Latin  word,  signifying  force  or  power  ; adopted 
by  writers  on  physics,  to  express  divers  kinds  of  natural 
powers  or  faculties. 

The  term  vis  is  either  active  or  |KtS'ive  : the  vis  activa 
is  the  power  of  prmiucmg  motion  ; the  vis  pas^iva  is  that 
of  receiving  or  losing  it,  'I  he  vis  nctiva  is  again  subdi- 
vidi'd  into  vis  viva  and  vis  mortua.. 

Vis  Absolutfiy  or  Absolute  FoiXf,  is  that  kind  of  ccnlri- 
petal  force  which  is  measured  by  the  motion  that  would 
Ih>  generated  by  it  in  a given  body,  ai  a given  di>tuncc, 
and  depends  on  the  elhcacy  of  the  cause  producing  it. 

Vis  Acccltralrix,  <»r  Accvlnatinz  Forccy  is  that  centri- 
petal force  which  produces  an  accelerated  motion,  and  is 
proportional  to  the  velocity  which  it  grneraliii  in  a given 
time  ; or  it  is  as  the  motive  or  absrdute  force  directly,  and 
as  the  quantity  of  matter  moved  inversely. 

^'ls  j/wp'nrrxa  is  defined  by  Newtun  to  be  the  action  ex- 
ercised on  any  Ixidy  to  change  its  slate,  either  of  rest  or 
uniform  motion  in  a right  line.— 1 his  force  consi^^ts  alto- 
gether in  the  action;  iiud  has  no  place  in  the  body  after 
th<*  action  is  ceased:  for  the  body  perseveres  in  every 
new  state  by  the  vis  inertite  alone.  'I  liis  vis  irapressa  may 
ariM.'  from  various  causes ; as  from  percussion,  pressinii, 
ami  Centripetal  force. 

Vis  Incriite.  See  Ikektia. 

The  vis  incrlla*,  the  same  great  author  elsewhere  ob- 
serves, i$  :l  passive  principle,  by  whirh  bodies  piTSist  in 
ilicir  motion  or  rest,  and  receive  motion,  in  proportion  to 
the  force  impn-vsing  it,  and  resist  as  much  as  they  arc  re- 
sisted. See  llrsisTANcn.  • 

Vis  I.pita,  or  Innatr  Force  of  mailer,  is  a power  of  <e- 
sisling,  by  which  every  body,  as  much  as  in  it  lies,  endea- 
vours to  persevere  in  us  present  stale,  whi  ther  of  rest  or 
of  motion  uniformly  forward  in  a riglil  line.  This  force 
IS  always  propurtionai  to  the  quantity  of  matter  in  the 
body,  and  differs  in  nothing  from  thesis  iiierliaf,  but  in 
our  manner  of  conceiving  it. 

Vis  Centripeta.  See  Cestuii*etal  force. 

Vis  MotriXy  or  .1/oria^  Force  of  a rrntnpelal  body,  is 
the  tendency  of  the  whole  body  towards  the  centre,  re- 
sulting from  the  leniiency  of  all  the  part5,  and  is  propor- 
tional to  the  motion  which  it  generates  in  a given  time; 
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SO  that  the  vis  motrix  is  to  the  vis  ucceirratri.x,  as  the  mi>- 
lion  is  to  the  celerity : and  a»  the  quantity  of  motion  lu  a 
body  is  estiiimled  by  the  product  of  the  velocity  into  ihe 
quantity  of  matter,  so  the  vis  tnolrix  aiises  from  the  vis 
acceleiairix  multiplied  by  the  quaudty  of  mutter.  The 
followcpk  of  IJhibnitz  use  the  term  vi^  inotrix  for  the  force 
ol  a body  in  motion,  in  the  same  sense  us  lltc  Nvwio- 
nians  use  the  term  vis  inertix;  this  latter  they  allow  to 
be  inherent  in  a body  at  rerl;  but  the  former,  or  vis  mo- 
trix,  a f.ircc  iiibereni  in  the  same  body  only  while  in  mo- 
tion, which  actually  carries  U from  place  to  place,  by 
acting  upon  it  always  with  the  same  intensity  in  every 
physical  part  of  the  ime  which  it  describes. 

ViK  Mortua,  and  Vis  Vivt,  in  .Mechanics,  are  terms 
used  by  Leibnitz  and  his  followers  for  force,  which  they 
distinguish  into  two  kinds,  vi>  morluu,  and. vis  viva;  un- 
derstanding by  the  former  any  kind  of  pressure',  or  an  en- 
deavour to  move,  not  suflicicni  lu  produce  actual  motion, 
unless  its  action  on  a body  be  conlmiK'd  for  some  time  ; 
and  by  tbc  latter,  that  force  or  power  of  acting  which  re- 
sides in  a body  in  motion. 

VISIBLI'.,  something  that  is  an  object  of  vision  or  sight, 
or  the  property  of  a thing  seen. — The  CarU'sians  say  iluit 
light  alone  is  the  proper  object  of  vision.  But  acmnling 
lu  Newton,  colour  alone  is  the  profier  object  of  sight; 
colour  being  that  prup\-rly  oi  light  by  which  the  Itghf  iCr 
self  is  visible,  and  by  which  the  ituagt*s  of  opake  bodies 
are  painted  on  the  retina. 

A*  to  the  Situation  and  Place  of  Fitible  Olfeett : — Phi- 
losophers in  genera]  bad  formerly  taken  for  granted,  that 
the  place  to  which  the  eye  refers  any  visible  object,  seen 
by  reflection  or  refraction,  is  that  in  w liicli  the  visual  ruj 
tnrcls  a perpendicular  from  ilic  object  upon  the  ivflccting 
or  the  refracting  plane.  That  this  i»  the  rase  with  respect 
to  plane  mirrors  is  universally  acknowrledgcd ; and  soma 
experiments  with  mirrors  of  other  lorins  seem  to  favour 
the  same  conclusion,  and  thus  afford  reason  fur  extending 
the  analogy  to  ail  casres  of  vision.  If  a right  line  be  held 
perpendicularly  over  a convex  or  concave  mirror,  its 
image  se<  ms  to  make  one  line  with  it.  The  same  is  the 
case  with  a perpendicular  tight  line  held  within  water; 
for  the  part  which  is  wilbiii  the  water  appi'ars  to  he  a con- 
tinuation of  that  which  is  without.  But  Dr«  Barrow 
called  in  questiuii  this  method  of  judging  of  tho  place  of 
an  object,  and  so  o|)ened  a new  field  of  inquir)  and  dc-^ 
bate  in  this  branch  of  science.  This  with  other  optical 
investigations,  he  published  in  bis  Uptical  Ltciures,  hrst 
printed  in  16/4.  According  to  him,  we  refer  every  }>oint 
of  an  object  (o  the  place  from  which  the  pencils  of  light 
issue,  or  from  which  they  would  have  issued,  if  no  re- 
fli-cting  or  refracting  substance  intervened.  Pursuing 
this  principle.  Dr.  Barrow  prr^xieded  to  iovi'^iigate  the 
place  in  which  the  rays  issuing  from  each  of  the  points 
of  an  object,  and  ibnl  reach  the  eye  after  one  reflection 
or  refraction,  m(*ct;  and  he  found  llmt  wrhen  the  refract- 
ing surface  was  plane,  and  the  refraction  was  made  from 
a denser  medium  into  a rarer,  those  rays  would  always 
met  t in  ii  place  bclwc*cn  the  rye  and  n perpendicular  to 
the  point  of  incidence.  IT  a convex  mirror  be  used,  the 
case  will  he  the  same;  but  if  the  mirror  b«'  plane,  tbc 
rays  will  meet  in  the  per|H*iidicuiar,  and  beyond  it  if  it  he 
concave.  The  same  author  also  determined,  according 
to  these  principles,  what  form  the  image  of  a right  line 
will  lake  when  it  is  presented  in  different  manners  to  a 
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>phrrira}  mirror,  or  when  it  is  se«n  it^rough  a refracting 
medium. 

Dr.  Harrow  however  notices  an  tjbjection  against  the 
maxim  ubovomcotioned,  concerning  the  supposed  place 
of  visible  objects,  and  candidly  owns  that  he  was  not  able 
to  give  a sahsfaciory  solution  of  it.  'Hie  objection  is  this: 
Let  an  object  be  placed  beyorrd  the  focus  of  a convex 
lens,  and  if  the  eye  be  cloie  to  the  lens,  it  will  appr^ar 
confused,  but  very  near  to  its  !rue  place.  If  the  eye  be 
H'iittlc  withdrawn,  the  confusion  will  increase,  and  the 
object  will  seem  to  come  nearer;  and  when  the  eye  is 
very  near  the  f.KrU9y  the  confusion  will  be  very  great,  and 
tbc  object  Will  appear  to  be  closir  to  the  eye.  Hut  in 
this  experiment  the  eye  receives  no  rays  but  those  that 
arc  converging;  and  the  point  from  which  they  issue  is 
so  far  from  bi'iiig  nearer  than  the  object,  that  it  is  beyond 
it : notwithstandtn:;  which,  the  object  is  conceived  tu  be 
much  closer  than  it  is,  thouj.h  no  very  distinct  idea  can 
be  formed  of  its  precise  distance. 

The  Itrsi  person  who  look  much  notice  of  Dr.  Harrow's 
hypotlu*si«,  and  the  difficulty  attending  it,  was  Dr.  Berke> 
Icy,  who  (ill  his  E.vsay  on  a New  Theory  uf  Vision,  pa. 
SO)  observes,  that  the  circle  f >rmc<fun  the  retina,  by  tiit^ 
rays  which  do  nut  come  to  a focus,  produce  the  same 
confusion  in  the  eye,  whether  they  cross  one  another  bc« 
fore  they  reach  the  retina,  dr  tend  to  it  afterwards;  and 
therefore  Uiat  the  judgment  concerning  distance  will  be 
the  same  in  both  cases,  without  any  regard  to  the  place 
from  which  the  rays  originally  issued;  so  that  iii  this 
case,  by  receding  from  the  lens,  as  the  confusion  in> 
creases,  which  always  accompanies  the  nearness  of  an 
object,  the  mipd  will  judge  that  the  object  comes  nearer. 
Set. Apparent  Distancb. 

M.  Buuguer  (m  his  Traits  d'Optique,  pa.  104)  adopts 
Barrow's  general  maxim,  in  supposing  that  we  refer  ob- 
jects to  the  place  from  which  the  pencils  of  rays  seemingly 
converge  at  their  entrance  into  the  pupil.  Hut  when 
rays  issue  from  below  the  surface  of  a ves»c*l  of  water,  or 
any  other  refracting  medium,  he  tinds  that  ihm*  arc  al- 
ways two  diderent  places  of  this  seriffing  convergence : 
one  of  them  of  the  rays  thui  mue  from  it  in  the  same 
vertical  circle,  and  therefore  fall  with  different  degrees 
of  obliquity  on  the  surface  of  the  re^Vaciing  medium  ; and 
another,  of  those  that  full  upon  the  surface  with  the  same 
degree  of  obliquity,  entering  the  eye  lattfrally  with  respect 
to  one  another.  He  says,  sometimi’s  one  of  these  images 
is  attended  to  by  the  mind,  and  sometimes  the  other;  and 
differeut  images  may  be  observed  by  different  persons. 
And  he  adds,  that  an  object  plunged  in  water  affords  an 
example  of  this  duplicity  of  Imagt's. 

O.  W.  Kraff't  has  ably  supported  Harrow’s  opinion,  that 
the  place  of  any  point  seen  by  reffection  from  the  surface 
of  any  medium,  is  that  in  which  rays  issuing  from  it,  in- 
finitely m^r  to  one  another,  would  meet ; and  considering 
the  case  of  a di.itanl  object  viewed  in  a concave  mirror, 
by  an  eye  very  near  it,  when  the  image,  according  to 
Euclid  and  other  writers,  would  be  between  the  eye  and 
the  object,  and  Barrow’s  rule  cannot  be  applied,  he  says 
that  in  this  case  the  speculum  may  be  considered  as  a 
plane,  the  effect  being  the  same,  only  that  the  image  is 
more  obscure.  Com.  Petrepol.‘vol.  12,  pa.  252,  256. 
See  Prievlley's  Hist,  of  Light  &c,  pa.  89,  688. 

From  ibe  principle  ab6vc  illustrated,  several  remarkable 
phenomena  of  vision  may  be  accounted  for as— That  if 
VoL.  H«'  • 


the  distance  between  two  visible  objects  be  an  angle  ihat 
is  insensible,  the  distant  bf*dies  will  appear  as  it  conti- 
guous : whence,  a continuous  body  being  the  result  of  se- 
veral contiguous  ones,  if  the  disiancus  between  several 
visibU's  subtend  insensible  angles,  they  w ill  appear  one 
continuous  body;  which  gives  a pn-tty  illustration  of  the 
notion  of  a continuum — Hence  also  parallel  lint's,  and 
long  vistas,  consisting  of  parallel  rows  of  tiecs,  seem  to 
converge  more  and  more  the  farther  they  are  cxtendeil 
from  the  eye;  and  the  r«Hifs  and  fioo^^  of  long  extended 
alley's  seem,  the  former  to  descend,  and  the  latter  to 
ascend,  and  approach  each  other;  because  the  ap|>nrent. 
magnitudes  of  their  perpendicular  intervals  are  perpr** 
tually  diminishing,  while  at  the  siinic  time  we  mistake 
their  distance.  • 

Ai  to  the  dijermt  Dittancero/l'iuSU  0(ytfc/*  — The  mind 
perceives  the  distance  of  visible  objects,  Ut,  From  thedi-f. 
ferent  configuratiuns  of  the  eye,  and  the  manner  in  which 
the  rays  strike  the  eye,  and  in  which  the  iniuge  is  im- 
pre*ssi  <1  upon  it.  For  the  eye  disposes  itself  differently, 
according  to  the  different  distances  it  is  to  see;  via,  fur 
remote  objects  the  pupil  is  dilated,  and  tbc  crystalline 
brought  neartr  the  retina,  and  tbc  whole  eye  is  made 
more  globoui* ; oq,  the  contrary,  for  mar  objects,  the 
pupil  IS  contracted,  the  crystalline  thrust  forwards,  and 
the  eye  lengthened.  The  mode  of  performing  this,  how- 
ever, has  greatly  divided  the  opinions  of  philosophers. 
See  Priestley's  ^Fist.  of  Light  &c,  pa.  b3S-^52,  where 
the  several  opinions  of  Descartes,  Kepler,  Lahire,  Lcroi, 
Porterfield,  Jurin,  Muucbenhrock,  &c,  arc  stated  and  ex- 
amined. 

Again,  the  distance  of'visibic  objects  is  judged  of  by 
the  angle  the  object  makes;  from  the  distinct  or  confuscd« 
representation  of' the  objects;  and  from  th^  briskm^s  or 
fecblenos,  or  the  rarity  or  density  of  the  ruys. 

To  this  it  is  owing,  1st,  That  objects  which  appear  ob- 
scure or  confused,  are  judgtxl  to  be  more  remote;  a prin- 
ciple which  tbc  painters  make  use  of  to  cause  some  of  their 
fisurrs  to  appear  farther  distant  than  others  on  the  same 
plane.  2d.  Hence  also,  rooms  whose  walls  are  wbilom*d, 
appv'ar  the  smaller;  that  fields  covered  with  snow,  or  white 
flowers,  seem  less  than  when  clothed  with  grass ; that 
mountains  covered  with  snow,  in  the  night  time,  appear 
the  nearer,  and  that  opaque  bodies  appear  the  more  remote 
in  the  twilight. 

The  Ma^itude  y nibfe  Oi^'ects.— The  quantity  or  mag- 
nitude of  visible  objects,  is  k;;own  chiefly  by  the  angle 
contained  between  two  rays  drawn  from  the  two  extremes 
of  the  object  to  the  centre  of  the  eye.  An  object  opjiears 
so  large  as  is  the  angle  it  subtends;  or  bodi(*9  seen  under 
a greater  anitlc  appear  greater;  and  those  under  a less 
angle,  less,  j<c.  Hence  the  same  object  appears  grt  ater 
ordrss  o»  it  is  nearer  the  eye,pr  farther  off.  And  this  is 
called  the  apparent  magniUidc. 

But  to  judge  of  the  real  magnitude  of  an  object,  we 
must  consider  the  distance;  for  since  a near  ami  a remote 
object  may  appear  under  equal  angles,  though  the  magni- 
tudes be  different,  the  distance  must  necessarily  be  e»ti- 
mated,  becatiM  the  magnitude  is  great  or  small  acconling 
os  the  distance  is  great  or  small.  So  that  the  n*al  mag- 
nitude is  in  the  compound  ratio  of  the  distance  and  the 
tp|>arent  magnitude;  at  least  when  the  subtended  angle, 
or  apparent  magnitude,  is  very  small  ; otherwise,  the  reul 
magnitude  will  be  in  a ratio  compound*  d of  Uic  dist.ance 
ID  • 
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and  the  sioe  of'tLe  apparent  magnitude,  nearly,  or  n«arer  Various  other  opinione  however  have  been  held  con. 


still  its  tangent. 

Hence,  objects  »een  under  the  same  angle,  have  their' 
magnitudes  in  the  »aiue  ratio  as  their  distanres.  The  chord 
of  an  urc  of  a cirde  appears  of  i'qual  magtvtudc  from  every 
jK»int  in  the  circomlertncc,  though  one  be  vastly 

nearer  tiiun  niiother.  . Or  if  the  eye  be  fixed  in  any 
in  the  circumference,  and  a right  line  he  moved  round  so 
as  its  extremes  be  always  in  the  periphery,  il  will  appear 
of  the  same  maguitude  in  every  position.-  .^nd  the  reason 
is,  because  the  angle  it  subtrmis  ts  iiiway*  of  the  same 
magnitude. ' And  hence  ulto,  the  eye  being  placed  in  any 
angle  of  a regular  polygon,  the  sides  of  it  will  all  appear 
of  cqud)  tnagmiude ; bi'ing  all  equal  chords  ofa  circle  de- 
scribed about  it.  ? * 

if  the  magnitude  of  an  object  directly  opposite  to  the 
eye  be  equal  to  its  distance  from  the  eye,  the  whole  ob- 
ject will  be  distinctly  seen,  or  taken  in  by  the  eye,  but 
nothing  more.  And  the  iH^an  r you  approach  an  object, 
the  loss  part  you  of  it.^The  least  angle  uiidt'r  which 
an  ordinary  object  becomes  visible,  is  about  one  minute 
of  a degree. 

0/  the  Figure  <if  Viiible  fi^Vc/r.— This*  is  estimated 
chiefly  from  our  opinion  of  the  situation  of  the  several 
parts  of  the  object.  This  opinion  o/  the  situation,  &c, 
ciiabltii  the  mind  to  appri-lietid  an  external  object  under 
this  or  that  figure,  mute  justly  than  any  similitude  of  the 
images  in  the  retina  with  the  object  can  ; the  images 
being  often  eilipiica).  oblong,  btc,  when  the  objects  they 
exhibit  to  the  mind,  are  circles,  or  squares,  ^c. 

The  laws  of  vision  with  regard  to  the  figures  of  visible 
objects  are,  1.  That  if  the  centre  of  the  rye  be*  exactly  in 
the  direction  of  a right  line,  the  line  will  appear  only  as 
*a  point.  2.  If  the  eye  be  placed  in  tbe  direction  of  a sur- 
face,' it  will' appear  only  a»  a line.  3.  If  a body  be  op- 
poted  directly  upwards  the  eye,  so  as  only  one  plane  of 
tbe  surface  can  radiate  on  it,  the  body  wtU  appi^ar  as  a 
surface.  4'.  A remote  arch,  viewed  by  an  eye  in  the  same 
plane  with  it,  will  appear  as  a right  line.  3.  A sphere, 
viewed  at  a distance,  appears  a circle.  6.  .Angular  figures, 
at  a distance,  appear  round.  7-  If  the  eye  look  obliquely 
on  the  ceiitrc  of  a n*gular  figure,  ora  circle,  the  true  figure 
will  not  be  smi;  but  tbe  circle  will  .ippear  oval,  &c. 

\'i9iBL£  Horizon,  Flace,  A'C.  See  the  substantives. 

VISION,  is  the  act  of  M-eiiig,  or  of  perceiving  externa) 
objects  by  the  organ  of  sight.  When  an  object  is  no  dis- 
posed, that  the  rays  of  light,  coming  from  all  parts  of  it. 
enter  the  pupil  of  the  eye,  and  prr>ent  its  image*  on  the 
retina,  that  object  is  then  se«‘n.  This  is  pmvvHi  hy  ex- 
periment i for  if  tbe  eye  of  any  animal  be  taken  out,  and 

* the  skin  and  fat  be  carefully  strip!  off  from  the  Ixick  part 
of  it,  till  only  tbe  thin  membran-,  which  is  called  the  re- 

* tiiia,  remains  to  tcrminaie  it  behind,  and  any  object  be 
placed  before  the  front  of  the  eye,  the  picture  of  that  ob- 
ject will  be  seen  fij^ured  as  with  a pencil  on  that  mem- 
brane. There  are  thousands  of  experiments  which  prove 
that  this  is  tbe  mechanical  efiect  of  vision,  or  seeing,  but 
none  of  them  appear  so  conveniently  as  this,  which  is 
mndo  with  the  very  eye  its«*]fof  an  animal ; an  eye  of  an 
ox  newly  killed  shows  this  happily,  «nd  with  wry  little 
trouble.  It  will  indeed  appear  singular  in  this,  that  the 
object  is  inverted,  in  the  picture  thus  drawn  of  it,  in  the 
eye;  and  tbe  case  is  the  same  in  the  eye  of  a living 
person. 


ccrning  the  means  of  vision  among  phiiosoplicrs. 

Tbe  Platomvls  and  Stoics  held  vision  to  be  efh’Cled  by 
the  emission  of  rays  <iul  of  the  eyes ; conceiving  that  there 
was  a kind  of  light  thus  darted  out;  which,  with  the  light 
of  the  external  air,  taking  hold  as  it  were  of  tbe  objects, 
rendered  them  visible;  and  thus  returning  back  again  to 
the  eye,  altered  and  new  mdtiiHrd  by  the  contact  of  the 
object,  made  an  impression  on  the  pupil,  which  gave  the 
sensation  of  tlie  object. 

Our  illustrious ‘countryman,  Roger  Bacon,  alsoussenU 
to  iht;  opinion  that  visual  rays  proceed  from  the  eye; 
giving  tins  reason  for  it,  that  every  thing  in  nature  is  qua- 
lified to  discharge  its  proper  functions  by  its  own  powers, 
in  the  same  manner  as  the  sun,  and  other  celestial  bodies. 
Opus  Majus,  pa.  28.9* 

The  Kpicureans  held,  thm  vision  is  perfurmed  by  the 
emanation  of  corporeal  s;>ecies  or  images  from  objects;  or 
a kind  of  atomical  t-lfiuvia  continually  dying  off  from  tbe 
intimate  parts  of  objects,  lo  the  eye. 

The  Peripatetics  hold,  with  Kpiciirus,  lhatviiion  is  pro-* 
duced  hy  the  reception  of  species;  but  they  differ  from 
biin  io  tbe  circumstances;  f«r  they  will  have  the  species 
jfwhich  they  call  inicntionuU’s)  to  be  incorporeal.  It  is 
true,  Aristotle’s  doctrine  of  vision,  delivered  in  his  chapter 
De  Aspertu,  amounts  to  no 'more  than  this,  that  objects 
must  have  soiue  intermediate  body,  that  by  this  they  may 
move  the  organ  of  sight.  'I'o  which  he  add«,  in  another 
place,  that  when  we  perceive  bofttes,  it  iaatheir  species, 
not  tliHf  matter,  that  we  receive;  as  a sod  ^krs  an  im- 
pression on  wax,  without  the  wax  receiving  any  thing  of 
the  seal.  » 

But  this  vague  and  obscure  account  the  Peripatetics 
have  thought  proper  lo  improve.  Accordingly,  what  their 
master  calls  specii's,  the  disciples,  understanding  of  real 
proper  six-cies,  assert,  that  every  visible  object  expresses 
a p«‘rft*ci  image  of  itself  in  the  air  contiguous  to  it ; and 
this>image  Biiother,  somewhat  less,  in  tbe  next  air ; and  th« 
third  another;  and  so  on  till  the  last  image  arrives  at  the 
crystalline,  which  they  are  of  opinion  is  the  chief  organ  of 
sight,  or  that  which  irnmt^iately  moves  the  soul.  These 
images  they  call  iniemionni  species. 

The  modern  philosophers  however,  as  the  Cartesians  and 
Newtonians,  give  a belter  account  of  vision.  They  all 
agree,  that  it  is  performed  by  ray's  of  light  reflected  fmm 
the  several  points  of  objects  received  in  at  the  pupil,  re- 
fracted and  collected  in  their  passage,  through  (he  coats 
and  humours  to  the  retina;  and  this  striking,  or  making 
an  impression,  on  so  many  points  oi  rt;  which  impression 
js  convey'od,  by  the  correspondent  capillamenu  of  the 
optic  nerve,  to  the  brain,  6ct.  * 

Baptists  Porta’s  experiments  with  the  camera  obscura, 
about  the  middle  of  the  l6th  century,  convinced  him  (hat 
vision  is  performed  by  tbe  intermission  of  something  into 
the  eye,  and  not  by  visual  rays  proceeding  from  the  eye, 
as  had  been  the  general  opinion  before  his  time  ; and  be 
was  the  first  who  fully  satisfied  himself  nnd  others  on  this 
subject;  though  several  philosophers  still  adhered  lo  tbe 
old  opinion. 

As  tor  the  Peripatetic  series  or  chain  of  images,  il  is  a 
mere  chimera ; and  Aristotle's  meaning  is  better  under- 
stood without  tban  with  them.  In  fact,  setting  these 
aside,  tbe  Aristotelian,  Cartesian,  and  Newtonian  doc- 
trines of  visiuD,  are  very  consistent  with  one  another  ; for 
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Newton  imagines  that  vision  is  performed  chiefly  by  the 
vibrations  of  a fine  medium  >(wbich  penetnites  all  b^ies) 
excited  in  the  bottom  of  the  eye  by  the  rays  of  light,  and 
propagated  through  the  capiliaments  of  the  optic  nerve, 
to  the  sensorium.  And  Uvacartes  raalntains,  that  the 
ftim  pressing  the  materia  subtilis,  with  which  ll\e  whole 
universe  is  every  where  fllled,  the  vibrations  and  pulses  of 
•that  matter  reflected  from  objects,  are  communicated  to 
the  eye,  and  thence  to  the  sensory  : so  that  the  action  or 
vibration  of  a medium  is  equally  supposed  in  all. 

It  is  generally  concluded  then,  that  the  images  of  ob' 
jccts  are  representeirurs  the  retirsa  ; which  is  only  an  ex- 
pansion of  .the  hnc  capiliaments  of  the  optic  nerve,  and 
trom  wbeiKc  the  optic  nerve  is  continued  into  the  brain. 
Now  any  motion  nr  vibration,  impri'ssed  on  one  extremity 
of  (he  nerve,  will  be  propagated  to  the  other:  hence  the 
impulse  of  the  levcal  rays,  sent  from  the  several  points 
of  the  object,  will  be  propagated  as  (bey  are  on  the  retina 
(that  is,  ill  their  pru]ier  colours,  &c,  or  in  particular  vi* 
brations,  or  in<Hies  of  pressure,  corresponding- to  them)  to 
the  place  where  those  capiliaments  are  interwoven  into 
the  substance  of  the  brain.  And  thus  is  vision  brought 
to  the  common  case  of  sensation. 

Experience  teaches  us  that  the  rye  is  capable  of  view-, 
ing  objects  at  a certain  distance,  without  any  mental  ex- 
ertion. Ut'vond  this  disiaiice,  no  mental  exertion  can  be 
of  any  avail:  but,  within  it,  the  eye  possesses  a power  of 
adapting  itself  to  the  v.'vrious  occasions  that  occur,  the 
exercise  of  which  depends  on  the  volition- of  the  mind. 
How  this  is  cflVcted,  is  a' problem  that  has  very  much 
rng.'iged  the  attention  of^optical  writers  ; but  it  is  doubt- 
ed whether  it  has  yet  been  satisfactorily  explained.  The 
first  theory  for  the  solution  of  this  problem  is  that  of 
Kepler,  lie  supposes  that  the  ciliary  processes  contract 
the  diameter  of  the  eye,  and  lengthen  its  axis  by  a mus- 
cular power.  Bui  Dr.  Thomas  Young  (in  sorae  ingenious 
Observations  on  Vision  in  the  Philo*.  Trans,  17i#3)  ob- 
MTves,  that  ilieK*  processes  neither  appear  to  contain  nny 
muscular  tibres,  nor  have  any  aUnchmeni  by  which  they 
can  bo  capable  of  performing  this  action. 

Descartes  ascribed  this  conrractinii  and  elongation  to 
a muscularity  of  the  rr)'sia)tine,  of  which  he  supposed 
the  ciliary  processes  to  be  the  tendons:  hut  he  neither  de- 
monstrated ibis  moscularity,  nor  suffico-ntly  considered 
the  connexion  with  the  ciliary  processes. 

Dc  Lahirc  allows  of  no  change  in  the  vyc,  except  the 
cuniraciion  and  dilaiotiun  of  tlw  pupil:  (his  opinion  be 
founds  on  an  experiment  which  Dr.  Smith  hat  shown  to 
bv  fallacious.  Halier  adopted  his  hypothesis,  nouvith- 
standing  its  inconsiatency  with  the  principles  of  optics 
and  cpuslaiit  experience. 

Dr.  Pemberton  supposes  that  the  crvstnllinc  contains 
rotucular  fibres,  by  which  one  of  its  surfaces js  flattened, 
while  the  other  is  made  convex  ; hut  he  has  not  cU*mi>o- 
str.-ited  the  existence  of  these  fiinrcs;  ;ind  Dr.  Jurin  has 
proved  that  such  a change  as  this  »s  inadequate  to  the 
etfect. 

. Dr.  Poiterlield  conceives  that  the  ciliary  processes 
draw  the  crystalline  Ibrward,  and  make  the  cornea  more 
convex.  But  the  ciliary  processes  are  incapable  of  thin 
action;  and  it  appears  from  Dr.  Jurin's  calculations,  that 
ft  sufl^ient  moiioii  of  ibis  kind  rrquirea  a very  visible  in- 
crctise  ill  (he  length  of  the  axis  of  the  eye;  on  incivase 
which  has  never  yet  beca  observed. 

Dr.  Jurin  maintains  (hat  the  uvea,  at  id  aUachmeat  to 


the  cornea,  is  muscular  ; and  that  the  coniractidn  of  this 
riiqt  makes  the  cornea  more  convex.  But  this  hypothesis 
is  rrot  sufiicientiy  cunfirnK-d  by  observation. 

Musacbenbfoek  conjectures  that  thr  n taxation  of  tlii« 
ciliary  tone,  which  is  nothing  but  the  capsule  of  the 
vitreous  humour  when*  it  rcct-ives  the  impression  of  th^ 
ciliary  processes,  permits  the  coals  of  the  eye  to  push  for- 
ward the' cryrstalline  and  cornea.  Such  a voluntary  rt- 
laxatiou  however,  Dr.  Young  observes,  N wholly  without 
example  in  the  animal  economy  : besidt's,  if  it  actually 
occurred,  the  coats  of  the  eye  could  not  act  as  he  con- 
ceives;'nor  could  they  ‘*cl  in  this  manner  witliouf  being 
observed.  IJe  adds,  that  thr  contraction  ot'  the  ciliary 
2one  is  equally  inadequate  and  unnecessary. 

Dr.  Young,  having  examined  these  theories,  and  some 
others  of  less  moment,  proceeds  to  investigate  a more 
probable  solution  of  this  optical  difliculty.— Adverting  to 
the  obaervation  of  Dr.  Porterfield,  that  those  who  ha\e 
been  otiichod  have  m>t  the  power  of  accommodating  the 
eye  tD  diflerent  distances;  and  to  the  reflections  of  other 
writers  on  this  subject ; he  was  led  to  conclude  that  the 
rays  of  light,  ernitted  by  objects  at  a small  distance, 
could  only  be  h|pught  to  foci  on  the  retina  by  a nearer 
approach  of  the  crystalline  to  n spherical  form;  and  he 
imagintxl  that  no  other  power  was  capable  of  producing 
this  change,  besklcs  a-  muscularity  of  part  or  of  ibc 
whole  of  its  cnpsule  : — but,  ofi  closely  examining,  first 
with  the  naked  eye  and  then  with  a magnifier,  the  crystal- 
line of  an  ox's  eye  turned  out  of  its  capsule,  he  discovcrxxl 
a structure  which  seemed  to  remove  the  diffioQjties  that 
have  long  cmbarrassc<l  this  branch  of  optics. 

The  crystalline  of  the  ox,'*  says  he,  “ is  compose<l 
of  various  similar  coals,  each  *of  which  consists  of  six 
muscli’s,  intermixed  with  a gelatinous  substance,  and  at- 
tacbi’d  to  six  membranous  tendons.  Three  of  (he  ten* 
dons  are  aqterior,  and  three  posterior ; their  length  is 
about  two-;‘hirds  of  the  semidiauit-ier  of  the  cout;  their 
arrangement  tv  that  of  thn-c  equal  and  equidistant  rite's, 
meeting  in  the  axis  of  the  crystalline;  one  of  the  anterior 
is  directed  towards  the  outer  angle  of  the  eye,  and  one  of 
the  posterior  towards  the  inner  angle,  so  that  the  posterior 
are  placed  opposite  to  the  middle  of  the  interstices  of  l^c 
anterior,  and  planes  passing  through  each  of  the  six,  and 
through  the  axis,  would  mark  on  either  surface  six  regu- 
lar equidistant  rays.  The  mtiscnhir  Bbres  arise  from  both 
sideH  of  each  tendon  ; they  diverge  till  (bi'y  reach  the 
greatest  circumlerence  of  the  coal ; and,  having  pa«M-d 
it,  they  again  converge,  till  they  arc  attached  respectively 
to  the  sides  of  the  nearest  tendons  of  the  opposite  euiface. 
The  anterin;-  or  posterior  portion  of  the  six,  viewed  to- 
gether, exhibits  the  appearance  of  three  pennifnrm-ni- 
dioted  muscles.  Th'c  anterior  tendons  of  all  the  coats  are 
lituiited  in  (be  same  planes,  and  the  posterior  ones  in  the 
continuations  of  these  planes  beyond  the  axis.  Such  an 
arrangement  of  flbres  can  be  accounted  for  on  no  other 
buppofiitiqn  than  , that  of  muscularify.  This  «ia<is  is  in- 
cloved  in  a strong  raeinbmnous  capsule,  to  which  it  is 
loosely  cimnected  by  minute  vessels  and  nerves;  and  the 
connexion  is  more  observable  near  its  greatest  circum- 
ference. Between  the  moss  and  its  capsule  is  found  a 
comiderable  quantity  of  an  aqueous  fluid,  the  liquid  of 
the  crystalline.  . • 

“ When  the  will  is  exerted  to  view  an  object  at  a small 
distance,  the  influence  of  the  mind  is  conveyed  through 
the  lenticular  gaiiglkni,  formed  from  brandies  of  the  third 
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uuJ  fifth  pair  of  nerves  In  (he  filaments  pciforuiing  tho 
S)deroiica)  tu  the  oi  biculus  ciliari»,  witicii  may  be  comi' 
dert'd  an  annular  plt‘xu»  of  nerves  amt  vc&M'lb;  and 
ifiencc  by  the  ciliary  |u()ce»<»es  tu  (he  niuscly  ut  (he  crys> 
tallme,  v«hich»by  the  contraction  of  it>  fibu-s,  becomes 
.imx'e  conve.\»  and  culk-cta  the  diverging  ray>  to  a fiMTUs  un 
the  retina.  The  ilisp<»dtion  of  hbre>  in  each  coat  is  ad- 
mirably adapted  to  produce  this  cli  inge ; fur,  since  the 
lia>(  suitace  that  can  contain  a given  bulk  is  that  of  a 
sphere  (Siiiipv  n’fl  Kiuxtoiis,  pa.  i8(i)  the  contraction  ot 
uriy  surface  must  bring  its  content'*  nearer  to  u spherical 
form,  ll'be  liquid  of  llie  crystalline  «vm»  to  ju-rt’e  as  a 
synovia  in  facilitating  tiie  motion,  and  to  admit  a sulh- 
cient  change  of  tbe  muscular  puit,  Mith  a sinulirr  motion 
of  the  capsule."' 

L>r-  Vouug  pro^Tcds  to  inquire  whether  these  fibres 
'can  pioiluCe  an  alteration  in  (he  form  of  the  lens  .suHi- 
cieniiy  great  to  account  for  the  known  effects;  and  he 
finds,  by  calculation,  (but,  supposing  the  Ciystallinv  to 
asMonc  a .-.pherical  form,  its  diameter  will  be  6+2  tlmu- 
sandii..-*  of  all  inch,  and  its  focal  diitnurc  in  the  eye 
Th&n,  liiMegniding  the  thickin'is  of  the  cornea,  we  lind 
(by  Smith,  att.  S7o)  that  such  an  eye  culhet  (lios<‘ 
lays  on  the  ritina,  %vbich  diverge  from  a point  at  the  di- 
sUnce  of  12  iiiclies  niul  8 tfnlhs.  This  is  a greater  change 
than  is  necessary  fur  uii  ox's  eye ; for  if  it  be  sup^ioH'd 
capable  of  distinct  vision  tU  a distance  somewhat  h*»s  iban 
K inches,  yet  it  is  probably  far  short  of  being  able  to 
colUit  piirallil  rays.  The  liuimm  crystalline  issu;ierpli- 
ble  of  a mucii  greater  change  of  form.  The  cilntiy  «one 
may  udmif  ofas  ntuch  extension  as  this  diminution  of  the 
^ diameter  of  (he  cry'stullinc  will  require;  and  its  i-la'^ticity 
will  Hs-tst  the  Cellular  tcxKirc  of  the  vitreous  humour, 
and  prrhiip>  the  gelatinous  part  of  the  crysUllim*,  in  re- 
storing the  indolent  form. — Dr.  Young  apprchemls  that 
the  S4jlf  office  thi-  optic  nerve  is  to  convey  sensation  to 
the  brain  ; and  that  the  retina  dues  not  contribute  to  sup' 
ply  the  lens  with  nerves.— As  (be  huinaii  crystalline  re- 
sembles that  of  the  ox,  it  may  reasonably  be  presumed 
tba^the  uciion  of  both  organs  depends  on  the  same  gene- 
ral )>rinciples. 

This  ihiHiry  of  Dr  Young’s  however  is  strongly  op- 
p liicd  by  I Jr,  ilosack,  (Philos.  I'mns.  17.94,  part  2,  pn.  1}K>). 
lie  Contests  the  existence  of  the  niusclis,  which  Dr. 
Young  bus  (b'scribi  J,  for  several  reasons.  First^  Irom  the 
transparency  tlu-y  must  po»Si*ss;  othl'rui&e  ibore  would 
lie  some  irregularity  in  the  refraction  of  iluoi'  rays  wbuh 
pu»s  ihrougli  (he  several  parts,  diffeiing  bcith  in  sbupr  and 
density  Anollier  circumstance  is  the  noml'er  ui  these 
muscles.  Dr.  Young  describes  6 in  each  laiuma;  and  as 
• la'Utfenlnx'k  makes  2000  laniitif  lu  afl,  therefore  the 
number  of  muscles  must  amount  to  12  thousand,  the 
action  of  which,  Dr.  Husack  apprehends,' must  exceed 
coreprehension.  But  ^thc  existence  of  iheso  musch's  is 
still  more  doubtful,  if  the  accuracy  of  Dr.  liosack’s  ob- 
• servations^be  admitted.  With  the  assistance  of  the  best 
glasses,  and  with  the  greatest  attention,  he  could  not  dis* 
covrr  (he  structure  of  the  crystalline  discribed  by  Dr. 
Young,  but  fuund  it  to  be  perfectly  "transpateiu.  He 
first  observed  the  lens  in  its  viscid  state,  and  tiu-n  exposed 
different  louses  to  a moderate  degree  of  heat,  »o  that  (hey 
iH'Came  opaque  and  dry;  and  it  was  easy  lu  sepinate  the 
distinct  layers  described  by  Dr.  Young.  'Fhexc  were  so 
numerous  as  not  to  admit  of  having,  each  of  them  six 
muscles.  Another  cunsideratioo,  which  seems  to  prove 


(hat  these  layers  posses#  no  distinct  muscles,  is  that,  iir 
this  opaque  stale,  (bey  arc  not  visible,  but  consist  of  nn 
almost  iutinite  Huiiibi r of  conccnuic  (ibns,  not  divided 
into  puriicular  bundles,  but  similar  to  as  nimiy  of  the 
liursi  bam  of  equid  thickness,  arranged  in  similar  older. 
This  P'g^iar  slruiiure  oi  layers,  conipi«>ed  of  concuiliic 
hbres,  Di'.  Ilosack  thinks  is  tnucli  bitter  adapted  to  the 
transmission  ol  the  rays  of  light  thuii  (he  irregular  struc*  * 
ture  of  muscles.  Besides  it  ought  to  be  cuitsideicd  that 
the  crystalline  U'lu*  is  not  the  most  issentiai  organ  in 
viewing  uojucts  ul  dihereiit  distances;  and  if  ibis  U*  the 
case,  the|vmer  ol  the  eye  cannot  bt  owing  to  any  changes 
in  tills  lulls.  It  is  a fact,  says  Ur.  llo*ack,  that  we  cun. 
in  a great  degnv,  do  wiibout  il ; as  is  tbe  case  alter 
couching  or  c.\trttCiiun,  by  which  operation  all  its*  parts 
must  be  di^tiuycd.  Dr.  Porterfield,  however,  and  Dr.  ^ 
Young,  on  his  authority,  niainiain  that  patient'*,  alter  the 
operation  of  Couehing.  l ave  not  the  p»*wer  ol  accoinmo- 
dating  the  eye  to  diflereiii  dixtances  ot  objects.  On  the 
whole,  Di.  Husack  concludes  that  no  snch  muscles,  as 
Dr.  Young  has  described,  exist,  and  that  be  must  have 
been  deceived  by  some  othtr  appeardiues  that  irsrmblcd 
inuscit-s : neither  will  he  allow  theeffiris  asv'iibed  to  the 
uliary  processes  in  changing  the  shajH.*  or  suuatmn  of  the 
lens,  • 

Dr.  HoMick  then  proci-cdi  to  illustrate  the  structure 
niid  use  of  the  external  muscles  ol  tbe  eye;  which  arc  6 
in  number,  + called  recti  or  stiaight,  and  2 oblique,  ..nd 
by  hicans  of  which  he  thinks  the  busimss  is  efiected. 
The  common  purposes  to  whiih  ibev  muschsare’  sub- 
HTviciil  are  well  kiiuwn:  but  besides  these,  Di.Husuck 
suggests  that  il  is  nut  inconsistent  with  the  gcncrul  laws 
of  nature,  nor  even  with  the  animal  econ<  luy  to  ima- 
gine that,  fioin  their  combination,  they  should  have  a 
different  HClion  and  an  additiuniil  use.  In  dii^tibiiig 
the  precite  action  of  these  muscles.  He  supposes'  an 
object  to  be  seen  distinctly,  first  at  the  distance  ot  6 
feel ; in  which  cate  the  picluie  of  it  falls  exactly  on  the 
retina.  He  then  tiirei  (s  his  attention  to  another  object  at 
the  distance  ot  6 ir.thi-s,  as  nearly  as  possible  in  the 
same  line.  \Vhilc  he  is  viewing  this,  lit-  loses  xight  of 
the  fiist  ubjeci,  (hough  th>-  rays  proceeding  firmi  it  still 
fail  on  the  «ye;  and . hence  be  inters  that  the  rye  must 
have  undergone  some  change;  so  that  the  rays  rooei 
cither  before  or  behind  tbe  letina.  But,  as  rays  from  a 
more  distant  object  concur  s(M>iier  than  liiose  from  n 
nearer  niic,  -(lie  picitirc  of  the  more  runuic  obj«*(t  must 
fall  before  the  retina,  while  the  others  form  a riislincl 
image  upon  it.  But  yet  the  eye  conlimicd  iii  the  same 
place;  and  (heri'fore  the  retina  must,  by  some  means, 
have  btvii  removed  to  a gieiiter  distance  fr«»m  ihc.loie- 
pari  ol  the  eye,  so  as  lu  receive  the  pic  lure  of  the  nearer 
object.  Thi/»  object,  ht  contends,  couli!  not  be  seem  di- 
stinctly, unless  the  retina  were*  removed  lu  a greater  di- 
stance, or  the  refracting  power  of  the  media  through 
vvbich  the  rays  passed  were  augmented  : — but  as  the  lens 
is  (be  chief  refracting  medium,  if  we  admit  that  this  bus 
no  power  of  changing  ilseil,  we  are  uirder  the  necessity  of, 
ad*  pttiig  tbe  first  *‘f  these  two  suppositions. 

^ The  ni'Xl  object  of  inquiry  is,  how  the  external  muscles 
arc  capable  of  producing  ibe-e  changes.  The  recu  arc 
strong,  broad,  and  flat,  and  arise  from  the  back  part  of 
the  orbit  ol  the  eye ; and.  passing  over  the  bull  as  over  a 
pulley,  they  are  insetted  by  broad  fiut  tendons  at  llte  an- 
terior part  of  the  eye.  I'hc  oblique  are  inserted  toward* 
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)>o«teriur  part  by  similar  temioas.  When  these  dif- 
femit  iiiuscU'N  act  joititl).  the  eye  bring  in  (he  horixontal 
po»iiion,  hikI  rvrry  muscle  in  action  contracting  itself* 
the  lour  n rti  b)  liu  ir  ron.bitmlion  inu^t  c<Mnpre>’(  the  va* 
riou*  pnitH  of  the  eye  and  irngtlui)  it«  axis,  while  the 
obiu|ue  imi'*clrs  ser\e  to  ki  ep  the  «*yr  in  iis  proprr  dirre- 
tion  and  situation.  The  convexity  of  tin*  cornea,  by 
mruns  of  ii*  great  elasticity,  is  ui>o  in  '.aved  in  pro- 
p<ir|i  n to  the  drgnv  of  pr<-vsur<-,  and  thus  the  rays  of 
light  pxvMnc  through  it  ary  oect'ssariiy  more  c -iivrrged. 
The  I iongahon  of  ibr  eye  serves  aj-iu  to  li'figinen  (he  me' 
dia,  in  the  .iqurous,  crystalline,  uiul  vitri'OiHi  humours 
through  which  the  rays  pass,  »o  that  their  powers  ul  re* 
fruct4im  un*  pr>*puriiotmb)y  inneaH'd.  1‘hts  li  the  gene* 
'rutell^ciol  the  coiUiat  tion  of  the  external  muschs,  ac- 
cording to  Dr  llosHck’s  staieinent  of  it:  to  which  it  may 
be  addl'd,  that  we  the  same  power  of  relaxing 

them  in  proporhomto  the  greater  distance  of  the  objict, 
till  wr  arrive  at  the  utmost  eMtiu  of  indolent  vision. 
Dr.  Husack  also  illustrates  this'hypuihrsis  by  some  ex- 
periments. 

The  mUri'presrniatioiis  of  vision  often  depend  *on  the 
distance  ol  the  object.  Thus,  il  an  opaqai  globe  ht'  placed 
at  a moderate  distance  from  (he  eye,  the  pictUM^  «d  u ol^ 
the  retina  will  bo  a circle  properly  diversiht-d  uith  light 
and  shade,  so  that  it  will  excite  in  the  iiiiiul  the  seiisa- 
lion  of  H sphi*i!C  or  globe;  but,  it  (be  globe  be  phiced  at 

• a great  distance  from  the  e>e,  the  distance  betwi-rn  ll^o^e 
lights  and  shades,  which  form  ^he  picture  of  a ghiUs 
will  be  impercethible,  and  the  glulie  will  appear  no  other- 
wise than  os  u ciicuiar  plane,  la  a luminous  globe,  di- 
stance is  not  necessary  iu  order  to  take  i»ff  the  h'prescn- 
tation  of  prominent  and  flat ; an  inin  bullet,  healed 
very  red  hot,  ami  held  but  a few  yards  disUnci  from  the 
eye,  appears  a plane,  nut  a proumieni  body;  it  has  not 
the  look  id*  H gloU*,  but  of  a circular  plane,  it  is  owing 
to  this  misreprcM’iilatlun  of  vision  that  we  sci’  the  sun 
and  inofm  flat  by  the  naked  eye,  and  the  planets  also, 
through  U'h  scn(>e4,  dut.  It  is  in  this  light  also  lliai  astro- 
nomers, when  they  speak  of  the  sun,  moon,  and  planets, 
aa  they  appear  to  oUr  view,  call  them  the  disks  of  the 
sun.  moon,  and  jdanets,  winch  wes*  e. 

The  nearer  u globe  is  to  the  <ye,  fhe  smaller  segment  of 
it  is  visible,  the  farther  off  the  greater,  and  at  u due  di- 
stance (he  half;  and,  <iii  (hr  same  princi{de,  the  nearer  the 
globe  is  to  the  eye,  the  griatcr  is  its  apparent  diameter, 
(hat  IS,  under  the  gn  uter  angli*  it  will  appear ; the  farther 
otf  the  globe  is  placv'd,  trie  h'«s  is  its  ap|i»r<nt  diuineter. 
This  IS  a pr>»p«»sition  of  im;>i>rtnnce,  for,  on  this  principle, 

• we  know  that  the  same  gl<»be,  when  it  appear,  lar^>r,  is 
nearer  toour  eye,  and,  when  sniiiilcr,  fk  farther  otf  Irom  it. 
Therefon*.  a.s  (he  globes  ol  the  siin  and  moon  cuniiiuie  al- 
ways of  tbe  same  sixr,  yet  appear  soineimies  larger^and 
sometiines  smaller  to  us,  it  is  evident,  that  they  are  some- 
times ru'arrr  and  somcunies  further  otf  from  the  place 
whence  we  view  them.  Two  globes,  of  dillerent  magni- 
tude, niuy  be  made  to  appeae  of  exactly  the  same  diame- 
ter, if  they  be  placed  at  dithrmt  distances,  and  those  di- 
stances be  exactly  pi  '»jH>rtioned  to  their  diameters.  To 
this  it  U owing,  that  we  sec  {.he  vun  and  moon  nearly  of  the 
iamc  diameter ; tlu*y  are,  indeed,  vastly  difi'erent  m real 
bulk,  but,  as  the  moon  is  placed  greatly  nearer  looureyes, 

• the  apparent  magnitude  of  that  smaller  globe  is  nearly  the 
same  with  that  of  the  greater. 

In  ibis  instance  of  the  sun  and  moon  (for  (here  cannot 


be  a more  striking  one)  wc  see  the  misrepresentation  of 
vision  in  two  or  three  several  ways.  TTic  apparent  diame- 
ters of  tiioe  globes  are  so  nearly  equal,  that,  in  their  se- 
veral < bangesof  place,  they  do,  at  (iines,  appear  to  us  ab- 
sululdy  equal, or  mutually  greater  than  each  other.  This 
is  otti  II  to  be  seen,  but  it  is  ut  no  time  so  obvious,  and  so 
perfectly  evinced,  as  in  »‘clipsexof  Uie  sun,  which  an-  total. 
In  these  we  sec  the  appanmt  magmtuilrs  of  the  two  globes 
vary  so  much  accoidiiig  to  ilieii  di^lanct*s,  i hut  sometimes 
the  moon  is  large  enough  cxuclly  to  cover  the  disk  of  the 
sun,  wrntelinies  it  is  largiT,  anu  a part  of  it  every  where  > 
extends  iieyund  the  disk  ol  the  sun  ; and,  on  the  contrary, 
somctinu-s  it  is  smaller,  and,  liioii<:h  the  eclipse  lie  rtbso- 
lut,  ly  centrul,  y»  t it  is  aiuu^ar,  or  a part  of  tlie  sun’s  disk 
Is  need  in  tha  middle  ol  the  eclipsed  part,  enlightened,  und 
surrounding  the  o)>aque  body  ol  the  moon  in  form  of  a 
lucid  ring. 

When  aij  object,  which  is  seen  above,  without  other  ob- 
jtcfs  of  companion,  isol  a known  muenitude.  wejudget>f 
its  distance  by  its  apfiareni  imtgmtud«‘ ; aiul  custom 
tenches  us  to  do  this  with  loli-raide  accuracy.  This  is  a 
practical  use  of  the  misrepri'seniiitioii  of  vuion.  and,  in 
the  same  imutner,  knowing  that  we'  see  rhmgs  winch  are 
near  us,  disiim-(ly,and  them' which  are  distant,  confusedly, 
W'f*  judge  of  the  distance  of  an  ohjecl  by  the  clearness,  or 
Conlu'*i‘»n,  in  which  we  M*e  it  \Vc  alw.  ju<ige  yet  more 
cosily  and  truly  of  the  disiHiice  id  an  object  by  comparing 
il  to  another  -een  at  the  s>tnie  time,  the  distance  of  which 
i>  U'tior  known,  and  yet  more  by  comparing  it  with  sevr- 
NhI  otheis.  the  distances  of  which  are  more  or  less  known, 
br  more  or  less  ea>ily  judged  of.  '1  hese  ar<’  the  circuio- 
stunces  which  assist  us,  even  by  the  misiepreM niation  of 
vision,  to  judge  of  distance  ; but,  without  one  <»r  inure  of 
these,  the  eye  d<H>s  not,  in  reality,  enable  us  to  judgi  con- 
cerning the  dtstanci’  of  objects. 

'rtis  misrepreNeniaiii'n,  though  it  serves  us  on  some  oc- 
casions, yet  is  very  limited  in  itscHVcls.  1 hut,  though  it 
hi  Ips  us  greatly  m distinguishing  the  distance  of  objects 
that  are  about  us,  both  with  respect  to  ourscivts  and 
them,  and  with  respect  to  themselves  with  one  unoiber. 
yet  it  can  do  nothing  with  the  very  remote.  Wc  S4*r  that 
iniimnse  concave  circle,  in  which  we  suppose  the  fixed 
stars  to  be  placed,  at  all  this  va^t  remove  from  u»,  and  no 
change  of  place  that  we  could  iiiuCc  to  get  nearer  to  it,. 
Would  be  of  any  avail  for  deteriniiiing  the  dtstance  of  the 
stars  troin  one  another.  If  we  look  at  three  or  four 
churches  from  a distance  of  as  many  miles,  we  see  them 
stand  in  a certain  pusilioii  with  regard  to  one.  another. 

Jf  we  Advance  a great  deal  nearer  to  them,  wc  see  ihht  p<K 
sitioii  difier,  but.  if  wc  move  lorwarii  only  8 or  10  lect, 
the  dIHcrenci-  is  nut  perci  ptiblc. 

Thus,  during  the  last  two  centuries,  numerous  doubts 
ami  disputations  have  been  held  among  anatomists  and 
philumphcrs,  on  the  inimediale  mode  and  means  ofvisidn 
by  the  eye:  S4»mc  ascribing  il  to  the  inslrumentaliiy  of  the 
retina  spread  over  the  bottom  or  p«isterii-r  part  of  the  eye ; 
and  others  to  the  opaque  choroidrs,  iinmedialcly  beliinil 
the  retina.  By  divsi  cting  the  eyi’S  of  animals,  to  dm  over 
the  nature  and  uses  of  tbs*  soeral  humours  and  coats  of 
that  organ,  it  appears  that  the  eye  is  justly  considered  os 
a natural  achromatic  instrument,  or  camera  obscuru,  in 
which  pictures  of  the  external  objects  are  rxliibiteil  as 
painted  on  the  rclina,  by  rays  introduced  through  the 
aperture  of  the  pupil.  This  was  beautifully  demonstrated 
by  the  celebrated  discovery  of  bcbciiier.  By  taking  the 
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i-yc  ot‘  an  nx,  reciMitly  killed,  and  stripping  the  sclerotic 
coat  with  the  cbnroidcs  from  its  posterior  portion,  caie* 
fully  preserving  the  n>tina  as  it  lies  upon  the  vitreous  hu- 
mour;  then  placing  the  eye  in  a suitable  aperture  in  the 
windou-^shutu T of  a darkened  chainbt'r,  with  the  cornea 
outwards,  a transparent  miniature  painting  of  the  cxlcriiui 
landscape,  in  all  its  variety  of  figures  and  colours,  is  exhi* 
bitedon  the  n^tinu:  this  experiment  established  the  gene- 
ral idi'B  that  it  is  these  pictures  that  we  see,  the  sensations 
of  which  arc  conveyed  to  the  scnsoiium  by  the  optic 
nerve,  the  expansion  of  its  substance  forming  the  retina. 

This  discovery  however  ininxluced  a now  difBculty: 
the  objects  exhibited  on  the  retina  were  found  to  be  com- 
pletely inverted,  the  uppt'f  side  being  undermost,  and  the 
right  side  changed  to  the  left,  and  vice  vci>a.  I'hough  this 
inversion  might  be  the  natural  optical  effect  of  the  struc- 
ture of  the  eye,  how  comes  it  that  we  do  not  usually  see 
objects  by  our  eyes  inverted,  but  always  in  tiieir  natural 
position.  This  circumstance  led  to  numerous  disquisi- 
tions, rnechiUiica],  optical,  and  imlapliysical,  to  account 
for  it— In  the  Controversy  rcUting  to  which  are  found  the 
names  of  Kepler,  l>cscarti*s,  Newton,  Hooke,  Lahire, 
Berkeley,  Porterfield,  Smith,  Reid,  Micbell,  Priestley, 
Mariotie,  Picard,  Piquet,  and  iiiany  others;  most  of 
these  agreeing  to  the  general  idea  of  the  retina  being  the 
chief  cause  of  vision,  but  mostly  endeavouring  to  account 
for  the  circumstance  of  the  inversion  of  the  imagi>s,  while 
nevertheless  the  objects  are  seen  in  their  due  positions.  At 
length  it  was  accidentally  discovered  by  Mariutte,  that 
there  is  a particular  part  in  the  bottom  of  the  eye  on  which 
no  image  is  painted,  or  on  which  the  rays  have  no  effi'Ct, 
vix,  the  part  where  the  optic  nerve  is  inserted.  Now  if  the 
retina  is  only  the  extension  or  continuation  of  this  part, 
Mariotie  inferred  that  if  this  were  the  cause  of  vision, 
the  insiTtiun  of  the  nerve  ought  to  be  at  least  ms  sensible 
to  the  rays  of  light,  as  the  rt^st  of  the  retina,  which  is  only 
a diffusion  of  the  furiuer.  M.  considering  farther  that  the 
choroide*  limd  the  whole  of  the  bottom  of  the  eye,  ex- 
cepting the  place  of  the  insertion  of  the  optic  nerve,  that 
is,  the  whole  of  the  space  exhibiting  the  painted  images, 
h«  concludeil  that  the  choroides  was  the  real  seat  and 
cause  of  vivkm,  and  not  the  retina. 

This  discovery  and  conclusion  gave  a new  turn  to  tlie 
question,  and  the  disrpiisitions  of  pliilosophen.  Must  of 
the  before-mentioned  persons  entered  into  the  dispute, 
some  a4loptmg  the  one  opinion  and  some  the  other,  but 
without  coming  u>  any  settled  and  general  division.  Dr. 
Poricrfii  ld  agr<-es  with  the  m(jst  part  of  optical  writers, 
that  the  retina  is  the  true  seat  of  vision  ; and  that  though 
it  i*  CNpandeil  over  the  whole  concave  surface  of  the  eye 
as  far  as  the  ligamentuin  Ciliarc,  yet  it  is  not  all  equally 
sensible.  While  Mr.  Walker,  with  several  otbeis,  is  of  a 
contrary  upiiiicin:  towards  the  dose  of  his  disquiMliou  on 
viffiun  this  author  adds  cousistently  with  the  theory  just  de- 
livered, '*  1 should  Conclude,  that  we  have  a decided  pro<  f 
that  the  posterior  part  of  the  retina  is  utterly  iiiseusible, 
since  at  the  entrance  of  the  nerve,  wheie  it  exists  in  the 
greatest  quaniily,  it  can  be  deinunstraicd  to  be  so;  and 
that  vision  is  w&uting  at  this  spot  precnady,  because  where 
the  nerve  eatt  rs  there  is  no  choroidrs  lo  rctleri  iIh*  ra)  s to 
the  sen.sihle  anteiiur  jvortion.”  Dr.  IUdd,aUu  dvcidcdly 
concludes,  **  Wv  have  reason  to  believe  that  the  rays  of  light 
make  sonic  impression  on  the  n-tina  ; but  wc  are  not  con- 
scious of  this  impn-M«i«»n ; nor  have  anatomists  or  philo- 
sophers been  able  to  discover  lliu  nature  and  effects  of  it ; 


whether  it  produce  a vibration  in  the  none,  or  motion  of 
some  subfile  fluid  in  the  nerve,  or  something  diflereiit  from 
cither,  to  which  we  cannot  giveaname.*'  5ec  an  account 
of  the  several  arguments  of  the  different  writers,  at  the 
end  of  Dr.  Priestley's  History  of  Optics. 

Alter  the  Contrary  ideas  and  disquisitions  of  all  the 
oplician^and  physiologists  about  the  prclerence  due  to  the 
om*  or  the  other  of  the  two  coats,  the  retina  and  the  cho* 
ruides,  we  have  just  aren  a small  pamphlet,  part  of  a pro-  ^ 
raised  greater  work,  the  production  ot  a clergyman  ol  the 
name  of  Horn,  on  ” The  Seat  of  Vision,'*  in  Kvo,  1H13. 
lo  this  little  piece,  after  a neat  aud  concise  account  of  the 
different  hypotheses  and  arguiuenis  of  his  predecessors  iu 
this  line,  the  author  relates  some  ingenious  expcrimeulis 
accompanied  with  rvfloctions  on  the  subject,  and  finally  • 
deduces  a theory  which  appeals  more  rational  and  satis- 
factory than  any  of  the  former.  He  discburges  the  rCtims 
and  the  choroides  each  from  the  sole  and  exclusive  office 
that  had  been  assigned  lo  it  by  the  lurmcr  contending 
parlies,  and  assigns  to  each  its  necessary,  but  subordinate 
office,  in  the  faculty  of  vision,  the  principle  an«l  uUiinata 
part  being  performed  by  the  optic  nctvc,  which  conveys 
the  sensation  immediately  lo  the  sensorium  in  the  bniin. 

After  some  pertinent  reflections  ibis  author  adds,  Per- 
suaded, therefore,  that  1 had  actually  discovered  the  true 
origin  of  the  retina,  and  that  it  had  in  conserjurnce  lost  all 
claim  to  superior  sensibility,  and  to  the  principle  function 
in  vision,  1 was  induced,  from  a general  survey  of  the  or- 
gan, to  conclude  tbatthc  i^ole  UK'  of  this  transparent  mem- 
brane, in  the  mechanism  of  vision,  is  to*produce  rcfli*c- 
tion,  in  a manner  similar  to  the  polished  surface  of  a me- 
tallic reflector,  or  pirbaps  it  might,  with  more  propriety, 
be  compared  to  glass,  the  choroides  behind  aiivweitiig  the 
purpose  of  the  metallic  coating  upon  the  convex  surface 
of  a mirror. 

in  proK'CUlingthis  inquiry,  several  circumstances  con- 
tributed lo  direct  my  attention  to  the  optic  nerve,  as  the 
grand  organ  of  vision.  In  surveying  the  gctiemi  structure 
of  the  eye,  t was  |H)rticular>y  struck  with  the  magnitude 
of  this  nerve,  and  the  singular  inaniicr  of  its  ternunaiiua 
in  the  concave  surface  ul  the  globe.  'I  hc  opuci  do  oot, 
like  every  other  pair  of  m-rves,  terminate  m branches  ; 
they  arc  the  lars-i-st  in  the  system,  yet  the  entire  nervous 
substance  pfr/oraia  the  globe  ptrptsuiicu/urljff  presenting 
iu  its  concavity  a well  detined  circujnr  bas€^  fringed  with 
the  choroides.  mid  coveix'd  with  tV  retina.  The  base  wtu 
not  only  rendered  remarkably  distinct,  by  ihe  following 
experiment ; but  at  ihe  same  time  1 obscrvid  a beautiful 
effect  producctl  by  light  upon  the  nerve.  Having  procu- 
red the  eye  of  an  ox  recently  killed,  after  dividing  it  trans- 
versely, apd  abstracting  the  vitreous  humour  from  its  pos- 
terior portion,  leaving  about  4 lines  of  the  nerve  atlocbid, 

1 placed  the  scgn.t  ui  of  the  globe  in  a suitable  aperture 
mad<’  in  a wintl«nv-«>hmter,  with  the  concave  stirlace  in- 
wards. Thus  »itUMtcd,  having  darkened  the  chamber,  the 
b^-  of  the  iicive  exhibited,  in  Hs  little  h*  misplii-rr,  an  up- 
pear»nce  b<‘uiiufully  distinct  and  luminous,  having  a 
striking  resemblance  to  tiie  sun,  as  sevMi  through  one  uf 
those  brownish  fogs  with  which  the  atmosphere  is  sonic- 
times  charged  in  the  winter  season.  'Ilic  light  which  pro- 
ductal  this  phenomeuan,  must  have  pervaded  Uic  whole  cx-- 
teni  ol  the  nerve;  for,  being  cmnplruly  inclosed  by  the 
mu’^len  and.  fat,  it  was  impossible  that  auy  lateral  light 
could  tiHve  contributed  to  the  appearance.  Tlie  same 
phenomenon  may  be  seen,  though  wiUi  less  effect,  by 
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hoUin^  a simitar  portion  of  the  globe  between  the  eye  aud 
a lighted  candle. 

**  The  reader  mu5t  have  anticipated,  and  ther^ore  will 
now  readily  cuinprehend  the  manner  in  which  I conceive 
vision  to  be  accomplished.  Kays,  from  all  points  of  such  ob> 
jectH  us  are  oppi^sed  td,  the  organ,  puss  through  the  pupil, 
an<l,  after  refracb<'n  in  the  different  humours,  delineate 
pe  rfect,  hut  inverted  piciurflt,  on  the  retina  at  the  bottom 
of  the  eye;  the>e  pictures  are  instantly  reflected,  in  their 
various  colours  nmi  >hades,  »n  the  anterior  portion  of  the 
cotiCHvity  ; another  retiecUon  from  hence  miles  images  of 
the  ( xtcriial  objects  near  the  middle  of  the  vitreous  hn» 
mour,  in  the  r uatuml  urdcr  and  position;  those  images 
make  due  impn^^ioiiv  on  the  opposite  base  of  the  nerve, 
which  are  trammicte-d  by  it  to  the  brain  : thus  the  sensa- 
tion  h produced,  and  vision  performed. 

Lver  since Scheincr  exhibited  those hrautiful  pictures' 
on  the  retina,  philosophers  have  supposed  the  mind,  some* 
k<nv,  atVected  by  (be  iinprt  siioiis  made  on  (his  memhrnne; 
but,  mistaking  (he  proper  organ,  they  always  found  the 
optic!)  phraoinenn,  and  the  sensations  nf  vision,  at  vari* 
ance,  and  laboured  in  vain  to  reconcile  them.  However, 
having  demonsirateil,  that  neither  the  retina,  nor  thecho- 
roides,  is  the  immediate  seat  of  vision  ; and  having  re* 
stored  the  optic  nerve  to  that  dignified  function  in  the 
theory  which  it  naturally  possesses  in  the  organ,  all  the 
inferior  instruments  will  be  found  harmoniously  coeperat* 
ing  with  it,  in  producing  the  varuius  phenomena  of  vision. 

**  It  is  no  longer  a question,  why  (he  optic  rrerve  has  sp 
very  large  a trunk  bestowed  on  it ; why  (be  whole  nervous 
substance  enters  (he  globe  perpmdiathriy^  and  its  dteuiar 
base  appears  within,  datitute  of  the  choroides.  If  the 
medullary  substance  had  n^  t perforated  the  globe,  or  if  the 
chuivide  membrane  had  covered  the  base  of  the  nerve; 
111  either  case,  it  is  evident,  there  could  have  been  no  im* 
pression  made  by  the  images  in  the  eye  on  the  nervous 
substance;  consequently,  in  such  a disposition  of  tkjngs, 
there  would  have  berii  no  vision. 

**  However,  notwithstanding  thlv  surprising  coincidence 
of  things,  in  favour  of  the  base  of  the  narvv,  as  the  ini* 
mediate  instrument  of  vision,  those  conversant  with  the 
subject  may  have  foreseen  what  ihi-y  dtvro  an  insuperable 
objection,  which,  as  soon  as  it  appears,  they  expect  to  find 
me  drop,  and  the  wholesupcrstructiirc  I have  been  raising 
come  to  the  ground.  In  short,  it  is  nothing  less  than  tbe 
well-known  fact,  demonstrated  by  the  experiment  of  Ma- 
riotte,  that  the  organ  is  loiaJly  insensible  (6  the  impression 
of  light,  at  the  very  spot  that  1 have  fixed  on  as  the  proper 
seat  of  vision.  • 

This  phenomenon,  I confess,  appeared  for  some  lime 
a formidable  obstacle  ; still,  I felt  a certain  confidence 
powerfully  inciting  me  to  perseverance.  More  disposed 
to  suspect  some  error  in  the  conclusions  drawn  by  philo> 
sophefs  from  the  experiment,  than  to  doubt  those  princi- 
ples, in  the  structure  of  the  organ,  by  which  (ho  visual 
image  is  not  only  rectified,  anil  other  difficult  phenomena 
solved,  but  upon  which  I conceived  a satisfactory  theory 
of  vision  miglit  bc  established;  1 proceeded,  (he  more 
anxiously,  to  seek  another  solution  of  this  optical  diffi- 
culty, than  that  commonly  received. 

**  This  insensible  spot  in  the  organ  of  vtsiun  is  indeed 
fhc  hidden  rock,  ou  which  the  must  specious  theories  have 
been  lost.  Fbilosopbers  have  been  guilty  of  a fatal  over- 
sight«-»they  have  totally  mistaken  the  real  cause  of  this 
wonderful  defect  in  vision ; and  cousequently  have  left  tbe 
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most  beautiful.  If  not  the  most  important  department  of 
physical  science,  enveloped,  in  mystery,  and  surrounded 
with  difficuUids,  which  they  c'mfrss  to  be  inexplicable. 
The  following  optica)  facts  will  at  odcc  dispr;!  the  dark- 
ness which  has  so  long  hung  over  this  region  of  philo- 
sophy. 

• “ If  take  a convex  lens,  and  place  it  in  the  window 
shutter  ol  a dark  room,  and  the  eye  be  successively  di- 
rected towards  it,  three  effects  will  be  produced.  When 
the  eye  is  situated  farther  from  the  lens  (ban  the  focus  of 
parallel  rays,  a very  distinct,  but  diminished  landscape, 
with  all  the  objects  inverted,  is  seen  in  the  lens.  On  (be 
contrary,  if  the  eye  be  )m&ited  within 'the  local  distance, 
the  objects  appear  in  thi  ir  natural  position,  enlarged,  but 
very  indistinct.  Now,  iindoubtedly,  the  medium  distance 
between  these  two  situations,  in  wiucb  the  appearances  of 
the  objects  are  so  ver>  diflerent,  is  the  true  focus  of  the 
lens,  and  the  place  where  the  images  would  be  peimed  on 
a sheet  of  paper,  interposed.  But  when  the  eye  is  brought 
l»  occupy  this  point,  no  image  whalerrr,  in  the  lens,  ini- 
presses  the  organ  ; a circular  spot  only  is  perc<*ivcd,  uni- 
formly miged  with  the  prevailing  colour  of  the  landscape  : 
for  jusianci,  if  the  ground  be  covered  with  snow  the  lens 
appears  white;  if  the  surrounding  scenery  consists  nf  ver- 
dant fields,  Woods,  6cc,  the  colour  exhibited  by  the  Icii'*  is 
green ; or  if  the  prospect  be  upward  to  the  sky,  tbe  lens  in 
iIiLh  Case  usvumrh  on  asure  hae. 

“ Thus,  the  cause  of  that  mysterious  defect  in  the  field 
of  vision  is  detected  ; the  above  fact  iiflording  a clear  de- 
monstration of  theeffcctproduced  on  (he  Iwise  ol  ihe  opiic 
nerve,  by  the  famous  experiment  with  the  patch  upon  the 
wall.  Let  the  wail  in  this  experiment  be  blue,  or  green, 
or  any  colour  whuuver.lhe  paper  is  donstaiitly  lost  in  tlic 
gencael  hue  of  tiie  groitnd  upon  which  it  is  fixed.  But  if 
the  loss  of  the  object  procivded  Irom  a real  iiiaensibility 
of  the  nerve,  or  retina  at  this  place,  whairvcr  the  colour 
^ the  wall  taigbt  a very  perceptible  darA- spot  would,' 
invariably,  be  subsuiutcd  in  its  stead.  So  far  is  this,  how- 
ever, from  being  the  effect  produced  by  the  expeniueiit, 
that,  when  the  wall  happens  to  be  while,  and  even  a black 

Eis  fixed  upon  ii,  no  obscurity  can  be  discerned : (be 
patch  is  entirely  lost,  and  an  umtorm  whiteness  takes 
posxession  of  its  place. 

After  this  mduetjon  of  fact#,  confirmed,  by  the  laws 
of  optic#,  the  conclusion  can  no  lunger  be  doubtful,  that 
the  surprising  defect  in  vision,  discovi  red  by  Mariut(e,is 
neither  to  be  attributed  (•>  any  insensibility  in  the  retina, 
nor  (o  the  nerve  itself,  which  is  the  true  seat  of  vision  ; 
the  I'benomenon  procer'dssolely  from  the  pupil.  When  the 
base  of  tli«*  uerv-e  is  brought,  by  distorting  the  organ,  into 
a straight  direction  with  the  pupil  ami  the  object,  the  pen- 
cils of  ray>,  proceeding  from  (he  pupil,  have  their  foci  on 
the  base  ol  the  nerve ; and  therefore,  agreeably  to  the  phe- 
nomenon of  the  lens  above  described,  that  portion  of  tbe 
cornea  and  humours  in  the  axis  of  the  eye,  equal  to  the 
diam'-ter  of  the  pupil,  is  tinged  with  the  colour  of  the 
ground  upou  w^hich  the  paper  is  fixed ; tberefore,  while 
(he  object,  situated  in  a line  with  the  pupil  and  base  of  the 
nerve,  makes  no  impression  upon  this,  still,  the  surround- 
ing  objects  have  (heir  forms  distinctly  painted  upon  and 
reflected  from  the  retina.  The  images,  thus  formed  in  the 
vitreous  buinour,  make  the  same  impressiuus  upon  tbe  base 
of  ibc  nerve,  as  in  ordinary  vision:  and  hence  a faithful 
representation  is  made  to  tbe  mind  of  the  whole  scene,  ex- 
cept that  portion  in  the  centre  corresponding  to  (be  di* 
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mt‘»!iiuns  of  thi-  pupiJ,  ^cr,”  Sec  Mr.  HoriA  tract  above 
refrrrxd  to?  . 

Vision,  in  Oplici.  The  laws  of  vision, brought  und'*r 
mathematical  demonst  rations,  raakr  the  subject  of  optics, 
taken  in  the  greatest  latitude  of  that  word : for,  among 
mathematical  writers,  optics  is  generally  taken,  in  a more 
restricted  signiheation,  fur  the  doctrine  of  direct^isluif: 
catoptrics,  for  thb  doctrine  of  roflecied  vision  ;'and  diop- 
trics, for  that  of  refracted  vision. 

Dirfvt  or  Simple  Vision,  is  that  which  is  performed  by 
mi'ansof  direct  rays;  that  is,  of  rays  passing  directly,  or 
in  right  lines,  from  the  radiant  point  to  the  eye.  Such  is 
that  explained  in  the  preceding  article. 

Hejlected  Vision,  is  that  which  ispcrforim-it  by  rays  re- 
flected from  spcculnms,  or  mirrors.  The  laws  of  which, 
see  under  RarLSCTioN,  and  Mirror. 

Refracted  Vision,  is  that  which  is  performed  by  means 
of  rays  refracted,  or  turned  out  of  their  way,  by  passing 
through  niediiims  of  difl'ereut  density;  chiefly  through 
glasses  and  leiv>cs.  The  laws  of  this,  see  under  the  article 
UtPRACTION. 

Arch  qf  Vision.  See  Arch. 

Distinct  Vision,  is  that  by  w^ich  an  object  is  .seen 
distinctly.  .\n  object  is  said  to  be  seen  distinctly,  when 
Its  outlines  appear  clear  and  well  dt-hned,  and  the  several 
parts  of  it,  if  not  too  small,  arc  plainly  distinguishable,  so 
that  they  can  easily  be  compared  one  with  another,  in  re- 
spect to  their  flgure,  sise,  and  colour. 

In  order  to  such  distinct  vision,  it  had  commonly  been 
thought  that  all  the  rays  of  a pencil,  flowing  from  a phy- 
sical point  of  an  object,  must  be  exactly  united  in  a phy- 
sical, or  at  least  in  a seiuible  point  of  the  retina.  But 
l)r.  Jurin  has  made  it  appear  from  expcTtmenis,  that  such 
an  exact  union  of  rays  is  not  always  necessary  to  di;|tincc 
vision,  ile  shows  that  objects  may  be  seen  with  suflicicni 
distinctness,  though  the  pencils  of  rays  issuing  from  the 
-points  of  them  do  nut  unite  precisely  fh  the  same  |>oint  on 
the  retina;  but  that  since,  in  this  case,  pencils  from  either 
point  either  meet  before  they  n*ach  the  retina,  or  lend  to 
meet  beyond  it,  the  light  that  coroes  from  them  must  cover 
a circular  spot  on  it,  and  will  (herefure  paint  the  image 
larger  than  pt*ru*cl  vision  would  represent  it.  Whence  it 
follows,  that  every  object,  placed  either  too  near  or  too  re- 
mote for  ]>erfect  vision,  will  appi'ar  larger  than  it  is  by  a 
poiiutnhra  o?  light,  caus4*d  by  the  circular  spares,  which 
are  illuminafed  by  pencils  of  rays  proci'cding  from  the  ex- 
tremities of  the  objtMU 

'I’be  smallest  distance  of  perfect  vision,  or  that  in  which 
the  rays  of  a single  pencil  are  collected  into  a pliysical 
point  on  the  retina  in  the  generality  of  eyes,  Dr.  Jurin, 
from  a number  of  obHervaliniis,  states  at  5,  6,  or  7 inches. 
The  gr<‘atest  distance  of  distinct  and  ]>erfect  vision  he 
found  was  more  difficult  to  determine  ; but  by  consider- 
ing the  proportion  of  all  the  parts  of  the  eye,  and  (he  re- 
fractive power  of  each,  with  the  interval  that  may  be 
discerned  betwora  two  stars,  the  distance  of  which  is 
known,  he  fixes  ii,  in  some  cases,  at  14  feel  5 inches; 
though  Dr.  Poru-rfitld  had  rmircted  it  to*‘J7  inches  only, 
with  respect  to  his  own  eye. 

For  other  observations  on  this  subject,  sec  Juriu's 
Kssay  on  Distinct  and  Indistinct  Vision,  at  the  end  of 
Smith's  Optics;  and  Robins’s  lUin.4rki  011  the  i^ame,  in 
his  Math.  Tracts,  vol.  t?,  pa.  27S  &c.  Sec  also  an  inge- 
nious paper  on  V^ision  in  the  Philos.  Trans.  17d3,  pa.  lb'9, 
by  Dr.  Thomas  Young. 
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fVeW  0/ Vision.  Sec  Fikld.  • 

VISUAL,  relating  to  sight,  br  seeing. 

Visual  Angle,  is  the  angle  under  which  an  oycct  is 
teen,  or  which  it  subtend<».  See  As'CLK. 

Vistf  A L IJnc.  See  Lin r. 

V'isuAL  Point,  in  Perspective,  is  a point  in  the  hori- 
zontal line,  where  all  ihe  ocular  rays^  unite,  '(  bus,  a 
person  standing  in  a long  simieht  gallery,  and  lo<iking 
forward  ; the  »ide^,  floor,  aud  cieling  seem  to  m(*rt  aud 
touch  one  another  iu  this  point,  or  common  centre. 

\’ist!AL  arc  lines  of  light,  conceived  to  come 

from  an  object  to  the  eye. 

Vn  iCLI.IO,  or  Vitf-LLO,  a PoHsh  mathematicinn, 
of  the  13lh  century,  as  he  flourished  about  1^*54.  Wc 
have  of  his  a large  Treatiae  on  Optics,  the  best  edition  of 
which  is  that  of  1.772.  Vitellu  was  the  first  opitcai  writer 
of  any  cunvoqtience  among  the  11  cwlern  Kuropeans.  He 
collected  oil  that  was  given  by  Luclid,  Archimedes, 
Ptolemy,  and  Albazen;  though  bis  work  is  of  but  liulc 
use  in  the  present  day.  ' 

V’i'l'UKOUM  Huntotir,  or  Vitreus  Humor,-  denotes  the 
third  or  glassy  humour  of  the  eye;  thus  calird  from  its 
re&emblunce  to  melted  glass.  It  lies  under  the  crystal- 
line ; by  the  impression  of  which,  its  fore  part  is  rendered 
Concave.  It  greatly  exceeds  in  quantity  both  the  uqueoua 
and  crystalline  humours  taken  together,  and  coiiM^qucnily 
occupies  much  the  greHte<il  part  of  the  caviiyof  the  globe 
of  the  eye.  Scheiuer  says,  that  the  refractive  power  of 
this  humour  is  a medium  between  those  of  the  aquequs, 
which  diM-s  not  ditfi  r much  from  water,  and  of  the  crystal-, 
line,  which  is  marly  the  same  with  glass.  IHwksbcc 
makes  its  rtdractive  power  ibe  same  with  that  of  water; 
and,  according  to  Unbrrtsun,  iis  specific  gravity  agrees 
iivuily  with  ibal  of  water. 

VITRUVIUS  {Marcus  Vitruvius  Pollio),  a ce- 
ll brated  Roman  architect,  of  whom  however  nothing  par- 
ticular is  known,  but  what  is  to  be  colU*cted  trom  his  ten 
houlfs  L><‘  .Aichitectuni,  still  extant,  in  (be  preface  to 
the  sixth  took  he  states,  that  be  was  carifully  educated 
by  his  parents,  and  instructed  in  the  whole  cirde  of  arts 
ami  sciences  ; a circuuslunce  which  he  spt  aks  of  with 
much  gratitude,  laying  it  down  as  certain,  that  no  man 
can  be  a complete  architect,  without  some  knowledge 
and  skill  in  every  one  of  them.  . And  in  the  preface  to 
the  first  bo4>k  be  informs  us,  that  he  was  known  to  Julius 
Cicsar;  that  be  was  aftezwurds  recommended  by  Oclavin 
to  bur  brother  Augustus  Cresar;  and  that  he  was  so  fa- 
voured and  providetl  for  by  this  emperor,  ics  to  be  out  of 
all  fear^of  po'verty  as  long  lu  he  might  live. 

It  is  supposed  (hat  Vitruvius  was  born  either  at  Rome 
or  Verona ; but  it  is  not  known  which.  His  books  of  ar- 
chitecture are  addressed  to  Augustus  Ca^r,  and  not 
only  show  consummate  skill  in  that  particular  science, 
but  nlM>  very  uncommon  genius  and  natural  abilities. 
C’ardan,  in  his  I6'th  book  De  Subtilitatc,  ranks  Titnj- 
vius  as  one  of  the  12  persons,  whom  he  suppoM*^s  tu  have 
excelled  all  men  in  the  iorce  of  genius  and  invention ; and 
would  not  have  scrupled  tu  havi  Livrn  him  the  first  place, 
if  It  could  be  imagined  that  he  had  delivered  nothing  but 
bis  own  discnverii's.  Those  12  persons  were,  Luclid, 
Archimedc|,  Apollonius  Pergxiis,  Aristotle,  Archytas  of 
Tarefltuin,  Vitruvius,  Achindus,  Mahomet  Ibn  Mosea 
the  inventor  or  improver  of  Algebra,  DunsScotus,  Richard 
Subset  sumamed  the  Calculator,  Galen,  and  lleber  of 
Spain. 
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Tlic  arciii|cciuru  ot  V'itruvius  hiu  bgi'it  often  printed  ; 
but  the  bi'kt  t-diliun  i»  that  of  Ara»U’rdam  in  ib-fp*  Per- 
fault  also,  the  noted  French  architectf  gave  an  excellent 
French  traiislutiun  of  the  wine,  with  the  additiuii  uf  notes 
Hnd  hgurea;  the  hrsi  edition  uf  whicii  was  published  at 
Paris  in  Hi73f  and  the  second,  much  improved,  in  I6d4. 
<— Mr.  William  Newton  too,  an  ingenious  urchiteci,  and 
late  surveyor  (o  the  works  at  Greenwich  lluspiul,  pub- 
lished in  1780  &c,  curious  cummcnturics  on  Vitruvius, 
tllustr.iied  with  tigures;  to  which  is  added  a description, 
with  ligtires,  of  the  Military  Machines  used  by  tbe  An- 
cients. 

V'lVlANl  (VixcENTiu),  a celebrated  Italian  muthe- 
umtician,  was  born  at  Fluifnce  in  l621  or  l6S9.  He 
was  the  last  disciple  of  the  illustrious  Galileo,  and  liu'd 
with  from  the  17th  to  tbe  ^Oih  )ear  of  his  age.  After 
tbe  ihuth  of  his  great  master,  he  passed  two  or  three) cars 
uiore  in  pr<)secuting  geometneal  studies  without  interrup- 
tion; and  in  this  time  it  was  that  he  formed  (be  design  uf 
bis  Restoration  «»f  Aristuus.  'I*his  ancient  gi-omctrician, 
who  was  contemporary  with  Kuclid,  had  composed  five 
books  of  problems  De  Lucis  Sulidis,  (he  bare  propositions 
of  uiiich  were  collected  by  Pappus,  but  the  bo<>ks  nic 
entirely  lost;  which  Viviani  undertook  to  restore  by  the 
force  of  his  genius. 

He  discontinued  this  work,  however,  before  It  was 
finished,  in  order  to  apply  himself  to  another  of  the  same 
kind;  and  that  was,  to  restore  the  5th  book  of  Apollo- 
nius’s Conic  Sections.  While  he  was  engaged  in  this,  tbe 
famous  BorelH  found,  in  the  library  uf  toe  grand  duke  of 
Tuscany,  an  Arabic  manuscript,  with  a Latin  inscription, 
which  imported,  that  It  contained  the  8 books  of  Apollo- 
nius's Conic  Sections;  of  which  (he  8tb  however  was  not 
found  to  be  there.  lie  carried  this  manuscript  to  Rome, 
ill  order  to  translate  it,  with  tbe  assistance  of  a professor  - 
of  tbe  Oriental  language’s.  Viviani,  very  unwilling  to  lose 
the  fruits  of  his  labours,  procured  a certihcaic  that  be 
did  not  understand  tbe  Arabic  language,  and  knew  nothing 
ol  that  manuscript:  be  was  so  jealous  on  this  head,  that 
he  would  uoteven  suffer  Borrlli  to  send  him  an  account  of 
any  thing  relating  to  it.  At  length  he  finished  his  book, 
and  published  it,  16'59»  i»  folio,  with  this  title,  Dc  Maxi- 
mis  & Minimis  Geometrica  Divinutio  in  <|uinlum  Coni- 
• coruru  Apollunii  Pergaei.  It  was  found  that  he  had 
more  than  divined;  as  ho  sc’cmed  superior  to  Apollonius 
hiniM’lf. 

After  this,  Viviani  was  obliged  to  interrupt  his  studies 
for.  the  service  of  his  prince,  in  an  affair  of  great  import- 
ance, which  was,  to  prevent  the  inundations  of  the  Tiber, 
in  which  Cassini  and  be  were  employed  fur  some  time, 
though  nothing  was  entirely  e.xecuted. 

In  16(>4  ho  liad  tbe  honour  <d'  a pension  from  Louis  the 
14tb,  a prince  to  whom  he  was  not  subject,  nor  could 
indeed  be  useful.  In  consequence  be  resolved  to*  ffiiish 
his  Divination  on  .^risteus,  with  a view  to  tledicatc  it  to 
that  prince;  but  he  was  interrupted  in  this  task  again  by 
public  works,  and  some  iiegociations  which  his  royal 
maitLT  intrusifd.  to  him.— In  l(i66  be  was  honoured  by 
the  grand  duke  with  the  title  of  his  first  mathematician.-^ 

He  resolved  thri-e  problems,  which  ha.l  been  proposed  to 
all  the  mathematicians  of  Europe,  and  dedicated  the 
work  to  the  memory  of  Mr.  Chapeluin,  ufidi-r  the  title  of 
Knodatio  Problematum  &c.— He  proposv'd  the  problem 
uf  the  quadrable  spherical  surface,  uf  which  Leibnitaaiid 
rHmpiial  gave  solutions  by  the  Calculus  Differcntialis. 
VoL.  II. 
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— In  l66y,  he  was  choarn  to  fill,  in  the  Royal  Academy 
of  Sciences,  a place  among  the  8 foreign  assiiciates.  'Phis 
new  favour  reanimated  his  zeal;  and  he  published  three 
books  of  his  Divination  on  Aristeus,  at  Florence  in  1701, 
which  he  dedicated  to  the  king  of  France.  It  is  a thin 
folio,  entitled,  De  I^cis  iiolidis  si-cumla  Divinaiio  Geo- 
melrica,  ilscc.  This  was  a second  edition  enlarged;  th<f 
first  having  Ik-ch  printed  at  J'lorence  in  l6/3. — Viviani 
employed  the  fortune,  which  he  h.id  raised  by  the  boun- 
ties of  his  pnnee,  in  building  a magnifict  nt  house  at  Flo- 
^■ncc ; in  w hich  he  placed  a bust  of  Galileo,  with  several 
inscriptions  in  honour  of  that  great  man ; and  died  In 
170J,  at  81  ye  ars  of  ago. 

\ iviani  hud,  says  lontonellc,  that  innocence  and  sim- 
plicity of  manners  which  pernonrcommoidy  preserve,  who 
have  lihv  commerce  with  men  than  with  books;  without 
that  rouglinevs.  und  a certain  savage  liercemss,  which  those 
often  acquire  wlio  have  only  to  deal  with  books,  not  with 
men.  He  was  affable,  modest,  a steady  and  faithful 
friend,  and,  what  includes  many  virtues  in  one,  he  wo» 
grateful  in  the  highest  degree  for  favours. 

ULL.AGE,  q/  a Caik,  in  Gauging,  is  so  much  us  it 
wants  of  being  full. 

LLLOA  (Don  Antonio  de),  a learned  Spaniard, 
w;is  born  in  17l^i  and  died  in  17P5.  His  progress  in 
science  was  so  rapid,  that  at  the  age  of  18  be  was  asso- 
ciated with  George  Juan  and  la  Cohdamiiic, at  the  iiutancc 
of  Louis  the  I5th  of  France,  and  under  the  patronage  of 
tbe  king  of  Spain,  to  proceed  to  South  America,  to  make 
observations  for  ascertaining  the  figure  of  the  earth.  He 
Continued  in  America  till  1744,  w hen  returning,  be  was 
taken  prisoner,  and  brought  to  England,  wliere  he  was 
elected  a r.  n.s.  He  was  afterwards  made  guvernor  of 
Loui»iana.  An  account  of  his  voyage  was  published  at 
Madrid  in  1748,  in  5 vols.  4to. 

ULTERIOR,  ill  Geography,  is  applied  to  some  part 
of  a country  or  province,  which.  With  regard  to  the  rest 
of  that  country,  is  situate  on  the  farther  side  of  a river, 
or  mountain,  or  other  boundary,  which  divides  the 
country  into  two  parts. 

ULTIMATE  Ratios.  See  Prime,  &e. 
ULTRAMUNDANE,  beyond  the  world.  Is  that  part 
of  the  universe  supposed  to  be  without  or  beyond  ibe  li- 
mits of  our  world  or  system. 

UMBILICUS,  and  Umbilical  Pot’a/,  in  Geometry, 
the  tame  with  focus. 

U.MBRA,  a Shadow,  See  Light,  Shadow,  Penum- 
bra, kc. 

UNCIA,  a term  generally  used  for  the  12ih  part  of 
a thing ; in  which  sense  it  occurs  in  Latin  writers,  both 
for  a weight,  called  by  us  an  ounce,  and  a measure 
called  an  inch. 

UNCI^  in  Algebra,  first  used  by  Victa,  are  the  num- 
bers prefixed  to  the  letters  in  the  terms  of  any  power  of 
a binomial ; now  more  usually,  and  generally,  called  co- 
cfHcirnts  Thus,  In  the  4th  power  of  a -»•  6,  vi*,  a* 

4n*6  ^ b\  the  uneix  are  I,  4,  4,  1, 

Dnggs  showed  how  to  find  these  uncise,  one  from 
another,  in  any  power,  independent  of  the  foregoing 
powers.  They  are  now  usually  found  by  what  is  called 
Newton's  binomial  theorem,  which  it  the  same  rule  as 
Briggs’s,  but  in  another  form.  See  Binomial. 
UNDECAGON,  is  a polygon  of  eleven  sides. 

If  the  side  of  a regular  undccagon  be  J,  its  area  will  bo 
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n teng.  of  7SA  degrees ; and  there- 
fore if  this  number  be  multiplied  by  the  square  of  the  side 
of  any  other  regular  undecagon,  the  product  will  be  the 
area  of  that  undecagon.  my  Mensuration,  pa.  85, 
&c,  4th  edit. 

UNDETERMINED,  is  sometimes  used  for  Ikdeter- 

IflNATB. 

US'DULATORY  .Votion,  is  applied  to  a motion  in  the 
air,  by  which  its  parts  are  agitated  like  the  wasTS  of  the 
sea  ; as  is  supposed  to  be  the  case  when  the  string  of  a 
musical  instrument  is  struck.  This  undulntury  motion  of 
the  air  is  suppos'd  the  matter  or  cause  of  sound.^ln- 
atcod  of  the  undulatory,  some  authon  choose  to  call  this 
a vibratory  motion. 

UNEVEN  Number,  the  same  as  odd  number,  or  such 
as  cannot  be  divided  by  9 without  leaving  1 remaining. 
The  s^ics  of  uneven  numbers  are  I,  3,  5,  7,9*  dtc.  Sec 
Kumbbr,  and  Odd  Number. 

UNFORMED  Stars,  are  such  as  were  tiU  comained 
in  the  constellations.  Rut  on  the  modern  celistial  globes, 
the  constellations  arc  made  to  include  thoM^  uniurmi'd 
stars. 

UNGULA,  in  CJeomelry,  is  a part  cut  off  a cylinder, 
cone,  Jkc,  by  a plain-  passing  obliquely  through  the  base, 
Aiul  purl  of  the  curve  surface;  so  called  rrom  its  resem- 
blance to  the  (iiiiguln)  hmd  of  a hum*  ^cc.  For  the 
contents  he  of  such  ungulas,  see  iny  Mensuration,  pa. 
iCl,  ^c,  4th  edition. 

UNICt)RN,  in  Astronomy  See  Mokoceros. 

UNIFORM  or  Equable  Motion,  is  that  by  tvhich  a 
body  always  w ith  the  same  ci'lerity,  or  t»ver  equal 

spaces  in  equal  time*..  Sec  MoTi«»N.— In  uniform  mo- 
tions, the  spaces  di-scrib«-d  i*r  pa'**.***!  over,  arc  in  the  com- 
pound ratio  of  the  limes  ami  sehirilio ; but  the  spares 
are  simply  as  tlie  times,  when  the  velocity  is  given  ; and 
as  the  velmities,  wheu  the  lime  is  given. 

Dkiform  .Va«rr,  In  Natural  Philosophy,  is  that 
which  is  ail  of  the  same  kind  and  texture. 

UNISON,  in  Music,  is  when  two  S4>unds  arc  exactly 
alike,  or  the  same  note,  or  tone.  What  constitutes  a 
unison,  is  the  equality  of  the  number  of  vibrations,  made 
In  the  same  time,  by  the  two  sonorous  bodies.^li  is  a 
notf-d  phenomenon  in  music,  that  an  intenM*  sound  being 
raised,  either  with  the  voice  or  a simorous  body,  another 
aoDoroiis  bewiy  near  it,  whose  tone  is  either  unison  or 
octave  to  that  tone,  will. sound  its  proper  note,  unison  or 
octave,  to  the  given  note,  I’hc  experiment  is  easily  tried 
with  the  strings  of  two  instruments ; or  with  a voice  and 
harpsichord;  or  a bidl,  or  even  a drinking-glass. 

This  phenomenon  is  thus  accounted  for:  One  string 
being  struck,  and  the  air  put  into  a vibratory  motion  by 
it;  every  other  string,  within  the  reach  of  that  motion, 
will  receive  some  impression  from  it:  but  t-ach  string  can 
only  move  with  a determinate  velocity  of  recourses  or 
vibrations;  and  all  unisons  prnci'fd  from  equal  vibra- 
tions; and  other  concords  from  other  proportions  of  vi- 
bration. The  unison  string  then,  keeping  equal  pace  with 
the  sounding  siring,  ns  having  the  same  measure  of  vibra- 
tions, must  have  its  motion  continued,  tind  still  improve*!, 
till  at  length  its  motion  become  sensible,  and  it  give  a 
distinct  »*und.  Other  concordmg  strings  have  their  mo- 
tions propa-.’ati'd  in  different  degrees,  according  to  the 
frequency  of  the  coincidence  of  their  vibrations  wiili  those 
(d  ibc  sounded  string : the  octave  therefore  most  sensibly; 


then  the  .Sth ; after  which,  Ibe  crossing  c4  the  motions 
prevents  any  sensible  effect. 

l*his  is  illustrated,  as  Galileo  first  suggested,  by  the 
pendulum,  which  being  set  a-raoving,  the  motion  may 
be  continued  and  augmented,  by  makmg  frequent,  light, 
coineident  impulses  as  blowing  on  it  when  the  vibration 
is  just  finished:  but  if  it  be  touched  by  any  cross  or  op- 
posite motion,  and  that  frequently,  the  motion  will  be 
interrupted,  and  cease  altogether.  So,  of  two  unison 
strings,  if  the  one  be  forcibly  struck,  it  communicates 
motion,  b\  means  of  the  air,  to  the  other;  and  both  per- 
forming their  vibrations  together,  the  motion  of  that  other 
will  be  improved  and  heightened  by  the  frequent  iinpulsew 
received  from  the  vibrainms  of  the  first,  because  given 
precisely  when  the  other  has  finished  its  vibration,  and  i» 
ready  to  return ; but  if  the  vibrations  of  the  chtgds  be 
unt-qual  in  duration,  then-  will  bi-  u crossing  of  motions, 
more  or  less,  according  to  file  proportion  ^ the  inequa- 
lity; by  which  the  motion  of  the  unltAjched  siring  will  be 
so  checked,  as  never  to  be  S4*n>ible.  And  this  we  find  to 
br  the  ra-ve  in  til)  Consonances,  except  unison,  octa^-e, 
and  the  fifth. 

UNIT,  Unite,  or  Unity,  in  Aritbmeiic,  the  namber 
one,  or  one  single  individual  part  of  discrete  qtianlily. 
See  Nvmrkk  —The  place  of  units,  is  the  first  place  on 
the  right  hand  hi  integer  numbers.-— Acci^rding  to  Euclid, 
unity  is  not  a number,  for  he  defines  number  to  be  a mul- 
titude of  units. 

UNITY,  thealistract  or  quality  which  constitutes  or 
dem*minutes  a thing  oar. 

U.MVEllSE,  a collective  name,  signifying  the  aisem- 
hlage  of  heaven  and  curih,  with  all  things  in  them.  The 
Ancients,  and  after  them  the  CaUesitins,  tmagme  ihe  uni- 
verse to  be  infinite;  nnd  the  reason  they  give  is,  that  it 
implies  H coiitradiclion  tosuppoM*  it  finite  or  bounded; 
sinre  It  is  imp>*ssibte  not  to  conceive  space  beyond  any 
limits  that  can  be  as'ignc-*! ; which  space,  according  to 
the  Cartesians,  is  body,  ami  consc-quemly  part  of  the  uni- 
verse. 

UNEIKF.  ihtantities,  in  Algi-bra,  are  such-  as  are  ex- 
pressed by  different  letters,  or  by  different  powe  rs  of  the 
same  letter.  Thus,  a,  and  b,  end  n*,  und  ah  are  all  un- 
like quantities. 

Unlike  are  the  different  signs  and  — . 

UNLIMITED  t*r  Indetermmate  Pmbtetn,  is  such  a one 
as  ailmits  of  many,  or  even  of  infinite  answers.  As,  to 
divide  a given  triangle  into  two  equal  parts ; or  to  de- 
scribe a circle  through  two  given  points.  Sec  Diopuasc- 
TINE  and  IvinETEHMlN.VYC- 

VOID-Spr/cr,  in  Physics.  See  Vacuum. 

VOLTAISM,  (irGAi.rAtiiaM,rs  a curiousand  import- 
ant branch  of  electricity,  depending  on  metallic  combina- 
tions first  accidentally  disci»vend  by  prole*.w*r  Galvant, 
of  Bologna,  about  the  year  1790.  As  we  arc  indebted  to 
that  gentleman  for  the  earliest  insulate<l  facts  which  paved 
the  way  to  this  science  ; so  it  appears  we  arv-  indebud  to 
professor  Volta  for  their  explanation,  and  application  te 
purpiw,es  of  real  utility;  and  to  sir  Humphry  Davy  for 
the  grand  and  simple  law  of  milure  by  which  they  ope- 
rate iti  the  production  of  effects. 

For  a history  of  the  dicovery  and  practice  of  this  cu- 
rious branch  of  electricity,  set*  mir  article  Galvanism. 

^'’O^XJTE,  in  Architecture,  a kind  of  spiral  scroli,  and 
used  in  the  Ionic  and  Composite  capitals ; of  winch  it 
makes  (he  principal  characteristic  umJ  ornameul. 
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VORTEX,  or  Whirlwind,  in  Meteorology,  a tudden, 
rapid,  violent  motion  of  (he  air,  in  circular  whirling  di- 
rrctiuni. 

^'nRTF.x  ual»o  u«cd  fur  ancdJyor  whirlpool,  or  a body 
of  water,  in  certain  and  rivers,  which  runs  rapidly 
round,  forming  a sort  of  cavity  in  the  middle. 

V'oRTEX.  in  (be  Cartesian  Philueophy,  is  a system  or 
collection  of  purticles  of  matter  moving  the  same  way,  and 
about  the  aatne  axis. — Such  vortices  are  the  grand  ma- 
chines bywhich  these  philosophers  attempt  to  solve  most  uf 
the  motions  and  other  phenomena  of  the  heavenly  bodies. 
And  accordingly,  the  doctrine  of  these  vortices  makes  a 
great  part  of  the  Cartesian  philosophy. 

The  matter  of  the  world  they  hold  to  have  been  di- 
vided at  (he  beginning  into  inmimembie  small  equal  par* 
licit's,  each  endowed  with  an  equal  degree  of  motion,  both 
about  its  own  centre,  and  separately,  so  as  to  Constitute  a 
fluid.  Several  systems,  or  collecliuns  of  ihis  matter,  they 
furtVr  slate,  have  been  endowed  with  a qpmmon  motion 
about  certain  points,  as  common  centres,  placed  at  equal 
distances  und  that  the  maitera,  moving  round  these, 
compotfcd  so  many  vortices. 

Tlicn,  the  primitive  particles  of  the  matter  they  sup* 
pose,  by  these  intutine  motions,  to  become,  as  it  were, 
ground  into  spherical  figures,  and  so  to  compose  globules 
of  divers  magnitudes;  which  they  call  the  matter  of  the 
second  element:  and  the  particles  rubbed,  or  ground  ofl* 
them,  to  bring  them  to  that  form,  they  call  the  matter  of 
the  (irst  element.  And  since  there  would  be  more  of  the 
flnt  clement  tlian  would  siifhcc  to  fill  all  the  vacuities 
between  the  globules  of  the  second,  they  suppose  the  re- 
maining part  to  be  driven  towards  the  centreof  the  vortex, 
by  the  circular  motion  of  the  globuhs;  and  that  being 
there  amassed  into  a sphere,  it  would  produce  a body  like 
the  sun. 

This  sun  being  thus  formed,  and  moving  about  its  own 
axis  with  the  common  inatlcr  of  the  vortex,  would  neces- 
sarity  throw  out  some  [>arts  of  its  matter,  through  ihe 
vacuiliis  of  the  globules  of  (he  second  element  constitut- 
ing the  vortex;  and  ibis  especially  at  such  places  as  arc 
f^rthi'st  from  its  poles ; receiving,  at  ibe  same  time,  in, 
by  these  poles,  as  much  as  it  loses  in  its  equatorial  parts. 
And,  by  this  means,  it  would  be  able  to  carry  round  with 
it  those  globules  that  are  nearest,  with  the  greater  velo- 
city ; and  the  remoter,  with  lcs>>.  And  by  this  means, 
those  globules  which  are  nearest  (he  centre*  of  (he  sun, 
must  bie  smallest;  because,  were  they  greater,  or  equal, 
they  would,  by  reason  of  their  velocity,  have  a greaU*r 
centrifugal  force,  and  recede  from  the  centre.  If  it 
should  happen,  that  any  of  these  sun-llkc  bodies,  in  the 
centres  of  tlie  several  vortices,  should  be  so  incrustated, 
and  weakened,  nt  to  be  carried  about  in  the  vortex  of  the 
true  sun ; if  it  were  of  less  volidity,  or  had  less  motion, 
than  tbe  globules  towards  the  extremity  of  the  solar 
vortex,  it  wuultJ  descend  towards  the  sun,  till  it  met  with 
gb^bules  of  the  same  solidity,  and  susceptible  of  the  same 
degree  of  motiou  with  itself;  and  thus,  being  fixed  then*, 
it  would  be  for  cvrr  after  carried  about  by  tbe  motion  of 
the  vurtitx,  without  either  approaching  any  nearer  to  the 
sun,  or  receding  from  it  ; an<i  so  would  become  a planet. 

Supposing  then  all  this;  we  are  next  to  imagine,  that 
our  s)siom  was  at  first  divided  into  several  vortices,  in 
the  Centre  of  each  of  w hich  was  a lucid  sphericul  body  ; 
and  that  some  of  these,  being  gradually  incrustaied,  wi*re 
swallowed  up  by  others  which  were  larger  and  more 


powerful,  till  at  longlh  they  were  all  destroyed,  and  re- 
ceived by  the  largest  solar  vortex  ; except  some  few  wliich 
were  thrown  oA'  in  right  lines  from  one  vortex  (o  another, 
and  so  became  comets. 

But  this  doctrine  of  vortices  is,  at  best,  merely  hypo- 
thetical. It  docs  not  pretend  to  show  by  what  laws  and 
means  the  celestial  motions  arc  cflected,  so  much  as 
by  what  means  they  possibly  might,  in  case  it  should  have 
so  pleased  tbe  Creator.  But  we  have  another  principle 
which  accounts  for  tbe  same  phenomena  as  well,  and  far 
U'ttcr  than  that  of  vortices;  and  which  wc  plainly  find 
has  an  actual  existence  in  the  nature  of  things ; and  this 
is  gravity,  or  the  weight  of  bodies. 

There  is,  in  tbe  PbiluaophicalTransaciions,  a Physico- 
maihematical  deimmstratiun  of  :.bc  impossibility  and  in- 
sufficiency of  vortices  to  account  fbr  the  Celestial  Phe- 
nomena; by  Mulls,  dc  Sigomo.  See  No.  sect.  vi. 
pa.  409  et  scq.~*rhis  author  endeavours  to  show,  that 
the  mechanical  generation  of  a vortex  is  impo^ible;  and 
that  it  has  only  an  axifugal  force,  and  nut  a centrifugal 
and  centripetal  one  ; (hut  it  is  not  suflicient  for  explain- 
ing gravity  and  its  properties;  that  it  destroys  Kepler's 
astronomical  laws;  and  iheiefure  he  cuncludes,  with  New- 
ton, that  tbe  hypothesis  of  vortices  is  fitter  to  disturb  than 
explain  the  cck-siial  millions.  Wo  must  refer  to  the  dis- 
sertation itself  for  the  proof  of  these  asserlions.  SeeCaa- 
TEsiax  Philosophy. 

But  these  vortices  having  lung  since  U'cn  cxcladcd  by 
all  philosophers,  us  utterly  inconsistent  with  the  laws  and^ 
phenomena  of  the  universe,  it  is  useless  to  dwell  loogjsr 
upon  them, 

VOSSIUS  (Gerard  John),  one  of  the  most  learned 
and  laborious  writers  of  the  17th  century,  was  of  a con- 
siderable family  in  the  Netherlands ; and  was  born  iu 
1577,  in  (he  Palatinate  near  Heidelberg,  at  a place  where 
his  father,  John  Vossius,  was  minister.  He  first  learned 
Latin,  Greek,  and  Philosophy  at  Dort,  where  his  father 
had  settled,  and  died.  In  1595  be  went  to  l^eyden,  where 
he  farther  pursued  these  studies,  in  conjunction  with  laa- 
thcmatics,  in  which  science  be  made  a considerable  pro- 
gress. He  became  master  of  arts  and  doctor  in  philoso- 
phy in  1598  * and  soon  after,  director  of  the  college  at 
Dort ; then,  in  i6l4,  director  of  (he  theological  college 
Just  founded  at  Leyden  ; and,  in  l5l8,  professor  of  elo- 
quence und  chronology  in  the  academy  there,  tbe  same 
year  in  which  ap|icarcd  his  History  of  the  Pelagian  Coo- 
troversy.  'I  bis  history  procured  him  much  odium  and 
disgrace  on  the  continent,  but  an  ample  reward  in  Eng- 
land, where  archbishop  Laud  obtained  leave  of  king 
Charles  the  1st  for  V'ossius  to  hold  a [ircbcndary  in  the 
church  of  Canterbury,  while  he  n-sided  at  L.eydcn : this 
was  in  when  be  came  over  to  be  installed,  took  a 

doctor  of  laws  di'grce  at  Oxford,  and  then  returned.-— 
In  Ui3fl  be  was  called  to  Amsterdam  to  fill  the  chair  of 
a professor  of  history*;  where  Im  died  in  l649>  at7‘2  years 
of  age ; attcr  having  written  and  published  os  many 
works  as,  when  they  came  to  be  collected  aud  primed  at 
Amsterdam  in  1695  &c,  made  6 volumes  folio,  writings 
which  will  lung  continue  to  be  read  with  pleasure  and  pro- 
fit. The  principal  of  these  are, — 1.  Etymologicon  Lingu* 
l^iime. — 2.  De  Origiue  & Progressu  Idololatria*, — 3.  De 
Hii^turicis  Grtecis. — i.  De  llisloricis  I.atini>.— 5.  Ue  Arte 
Grammatica. — fi.  De  Vitiis  bermonis  A*  Glossematis  La- 
tino-Barbaris.— 7.  Institutionrs  Oratorie.^6.  Inslilu- 
liooct  poetics. — .9.  Art  Historica. — 10.  Dc  quatuor  Ar- 
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tibu»  popularibu!!,  Grainmaticf,  Gymnasticr,  Musicr,  6t 
Graphice.  — 11.  Do  Philologin.— 12.  Ue  Univeria  Ma- 
tbescos  Natuni  Sc  Conaiitutione. — 13.  Dc  Philo»ophia.— 
14.  Do  Philoiophorum  Scctis. — 15.  Dc  Vcterum  Pocta- 
rum  I’emporibus. 

Vossius  (Deni%),  son  of  the  forrgoinv,  died  at  C2 
yean  of  age,  a prodigy  of  learning,  whose  incessant  studies 
brought  on  him  so  iinmature  a death.  There  are  of  his, 
among  other  smaller  pieces,  Notes  <»n  Caesar's  Commen- 
taries, and  on  Maimonides  on  Idolatry. 

VoHSiua  (Francis),  brother  of  Denis  and  son  of 
Gerard  John,  died  in  10'45,  after  having  published  a Latin 
poem  in  1640,  on  a naval  victory  gained  by  the  celebrated 
V^RnTroinp. 

V'^ossius  {(«t;aARD),  brother  of  Denis  and  Francis, 
and'son  of  Gerard  John,  wrote  Notes  upon  Paterculus, 
which  were  printed  in  16S9.  He  was  one  of  the  most 
learned  critics  of  the  I'th  century;  but  died  in  lb40, 
like  his  two  brothers,  at  a very  early  age,  and  before  ibeir 
father. 

Vossius  (Isaac),  was  the  youngest  son  of  Gerard 
John,  and  the  only  one  that  survived  him.  lU  was  born 
at  Li'ydcn  in  IfilS,  and  was  a man  of  great  talents  and 
learning.  His  father  was  his  only  preceptor,  and  his 
whole  time  was  spent  in  study.  His  merit  n^rummended 
him  to  a correspondence  with  queen  Christina  of  Sweden, 
who  employed  him  in  some  literary  cumimsaions.  At 
her  request,  he  made  several  journeys  into  Sweden,  where 
he  bad  the  honour  to  leach  her  the  Greek  language; 
though  she  afterwards  discarded  him  on  hearing  that  he 
intended  to  write  against  Salmasius,  for  whom  she  had 
a particular  n*gard.  In  l6()3  he  received  u liandsome 
present  of  money  from  l.ouis  the  14th  of  France,  aecum- 
panied  with  a complimentary  letter  from  the  minister 
Colbert. — In  16/0  he  came  over  to  LnglanJ,  when  hv  was 
created  doctor  of  laws  at  Oxford,  and  king  ('harits  the 
3d  made  him  canon  of  ^Vindsor  ; though  he  knew  his 
character  well  enough  to  sny,  (here  was  nothing  that  Vos- 
iius  refused  to  believe,  exct'pting  (be  Rible.  He  appears 
indaed,  by  his  publications,  which  are  neither  so  numerous 
nor  so  useful  as  his  fulher's,  to  have  been  a most  credu- 
lous man,  while  he  afforded  many  circumstances  to  bring 
his  religious  faith  m question.*  He  died  at  his  lodgings 
in  Windsor  Castle,  in  l689;  heaving  behind  him  the  best 
private  library,  as  it  was  then  supposed,  in  the  world; 
which,  to  the  shame  and  reproach  of  Fiigiand,  was  suf- 
fered to  be  purchased  ami  cnrriv<)  away  by  the  university 
of  Leyden.  His  publications  chielly  were: — 1 Periplus 
Scylucis  Curyundensis,  i\c,  l6S9 — 2 Justin,  with  Sou'S, 
1640.— 3.  Ignatii  Kpistol  t , A Karnabar  I'pistola.  1646'.*— 
4.  Pomponius  Mela  dc  Situ  Orbi*,  164H,— 5.  Disscriatio 
dc  vera  iCtatc  Mumli,  Ac,  l6’5y.—-6.  De  Septuaginta 
rnterpretibus,  Ac,  I66I.— -7.  De  Luce,  Ki62. — 8.  De 
Motu  M.nrium  A Ventorurn. — 9-  Dc  Nili  A aliorum  Flii- 
minum  Origine.— 10.  De  Poematuni  Cantu  A Viribus 
Hythmi,  1673.— 11.  De  Sibyllinis  aliisque,  quip  Christi 
natalein  pra;cessere,  16?9- — 12.  Catullus,  A in  cum 
Isaaci  Vossii  Observaiioncs,  l(^84. — 13.  Variarum  Ob- 
servationum  liber,  1685,  in  which  arc  contained  the  fol- 
lowing pieces:  viz,  De  Antiqii:r  Roma;  A aliarum  qua- 
rundam  Urbium  Magnttudine;  De  Artibus  A Scientiis 
Sinarum  ; De  Origine  A Progressu  Pulveris  Bcllici  apud 
F.uropafos;  De  Trireroium  A Liburnicarum  Construc- 
lione;  De  Kmendaiione  l/ingitudinum;  De  patefiicicnda 
jH-r  Septentrioncm  ad  Japotu-nses  A Indos  Navigatione ; 


De  apparentibus  in  Luna  circulis;  Diurna  Telluris  con- 
versionr  omnia  gravia  ad  medium  tendere. 

VOUSSOiHS,  vault-stones,  are  Hie  stone*  wrhich  im- 
mediatily  form  the  arch  of  a bridge,  Ac,  being  cut  some- 
what in  the  manner  of  a irunciited  pyramid  or  wtnlge, 
their  under  sides  conslituiing  the  nitrado*,  to  which  their 
joints  or  ends  slwuld  be  every  where  in  u per]>endicular 
direction. 

'Phe  length  of  the  middle  viiussoir,  or  key-sloiio,  nn»l 
which  is  the  least  of  all.  should  Ik*  about  or 
the  span  of  the  ttreh  ; from  hence  these  slum's  sIm>uI41  l>c 
made  larger  and  largtT,  nil  the  way  down  to  ihe  iinpo*!  ; 
llmi  they  may  the  better  sustain  Ihe  great  weight  whirls 
n’sls  upon  them,  without  being  crushed  or  broken,  an/I 
that  they  may  also  bind  the  Hnm  r together. 

T/i  find  the  just  length  of  the  vou'-soirs,  or  the  figure 
of  the  extra/lm.  when  that  of  the  mirario*  is  given ; srr 
the  Principles  of  Bii/lges  in  my  Tracts,  or  Kmersoii's 
Coniiruciion  of  Arches,  in  his  volume  of  M>scellunu*s. 

UKANIUUKGH,  or  ce)<*stiul  (own,  ihe  name  of  a ce- 
lebrated observatory,  in  a castle  in  the  little  inland 
Wieneu,  in  the  Sound;  built  by  the  celebrated  Danish 
asirontmter,  Tycho  Hr.ih4,  who  furnished  it  with  instru- 
ments fur  observing  the  course  und  motions  of  the  heavenly 
bodti's.— This  observat/»ry,  which  was  fim>lied  about  (he 
year  15H0.  liad  not  sub.ststed  above  17  years  when  Tycho, 
who  little  thought  to  have  erected  an  edifice  of  s/i  sh/>rt 
a duration,  and  who  had  even  published  the  figure  arul 
position  of  the  heavens,  which  he  had  choH’ii  for  the  mo- 
ment to  lay  the  first  stone  in,  was  obliged  to  abamloii  hia 
country.  Soon  after  this,  the  ps-rsoDs  to  whom  the  pr/^ 
perly  of  the  island  was  given,  demolished  the  building  : 
part  of  the  ruitiH  was  dispersid  into  divers  places:  the 
rest  served  t/»  build  'Fyeho  a handsome  rent  uport  his  an- 
cient estate,  which  to  this  day  bears  the  name  of  Tlrani- 
burgh  ; and  it  was  here  that  Tycho  c/rmposed  his  cata- 
logue of  the  Marv.  Its  latitude  is  55^^  54^  north,  nn/l 
longitude  13*^  47' east  ofGiwnwich. 

M.  Picart,  making  a voyage  to  Uraniburgh,  found  that 
Tycho’s  mcridiaii  liiu',  there  drawn,  deviated  from  the 
meridian  of  the  world  ; which  seems  to  confirm  the  con- 
jecture of  s/mc  persons,,  that  the  ptKiiiun  of  the  meridian 
line  may  vary. 

UUANfil-ITE;  the  same  as  Acrolitr. 

URANUS,  a new  primary  plamt,  discovered  by  Dr* 
llervchel  at  Bath,  in  the  night  of  March  13,  1781.  It  is 
sometimes  mUo  called  the  G/*orgian  Planet,  and  the  New 
Planet,  from  its  having  b/’en  newly  or  lately  discovered, 
also  HersebePs  Planet,  from  the  name  of  its  discoverer, 
'and  the  Planet  I ierschel,  or  simply  Herschel.  The  planet 
is  denoted  by  this  character 

This  planet  is  the  rrmotcsi  of  all  those  that  are  yet 
known,  though  not  the  largest,  being  in  point  of  magni- 
tude less  than  Saturn  and  Jupiter,  its  light,  says  Dr. 
Herschel,  is  of  a blueish-white  colour,  and  its  brilliancy 
between  that  of  Venus  and  the  m/>on.  With  a telescope 
that  magnifies  about  300  times,  it  appears  to  have  a very 
well  defined  visible  disk;  but  with  instruments  of  a small 
power,  it  can  hardly  be  distinguished  from  a fixed  star  of 
between  (he  6th  and  7th  magnitude.  , In  a very  fine  clear 
night,  when  the  m«»un  is  absent,  a good  eye  wjll  perceive 
it  without  a tcU*fCopo. 

From  the  observations  and  calculations  of  Dr.  Herschel 
and  other  astronomers,  the  elements  and  dimensions  Ac 
of  this  planet,  have  been  c/dlectcd  as  below. 
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PUcc  of  ibc  node  - • - - 2‘  ll'*  4i»’  30* 

Place  uf  the  aphelion  in  1795  U 23  33  33 
Inclination  of  the  orbit  • - • • 43  33 

Time  of  the  perihelion  passage*  S^-pt.  7»  1799 
Kxcenlriciiy  of  the  orbit  - - - ’S  JOS 

Half  the  gnater  axis  - - - I9‘0818  of  Earili’silist. 

Rcvulutiun  -------  83}  sidereal  )cars 

Diameter  of  the  planet  > . • 34217  miles 

Fropor.  of  diam.  to  the  earths  • 4*3177  to  1 

Its  bulk  to  the  earlh’s  - • • 80*4926  to  1 

Its  density  as  - - - - - - *2204  to  1 

Its  quantity  of  mutter  - - - l7'74o6  to  1 

And  heavy  bodies  fall  on  its  surface  18  feet  8 inches  in 

one  second  of  time.  See  Planet,  3cc. 

Dr.  11.  has  als^t  discovered  6 satellites  belonging  to  this 
planet ; the  periodica)  revolutions  of  which  are  com- 
pleted in  the  n'spectivo  times  following 1st,  3d  2lh 
23m;  2d*  8d  17h  !m  9s;  3d,  lOd  23h  4m;  4th,  13d 
lib  3m  2s;  3th.  38d  1h  49m;  Otb,  I07d  l6b  40m. 
The  orbits  of  these  satellites  make  very  large  angles  with 
tbc  ecliptic  ; and  it  has  biTn  asserted  that  their  real  mo- 
tion is  retrograde;  but  this  is  probably  an  optical  illu- 
sion. 

UR'^.4.  in  astronomy,  the  Bear, a name  common  to  two 
constcHaliims  of  the  northern  hrroispbcrr,  near  tbc  pule, 
distinguishcil  by  Major  and  Minor. 

Ursa  or  the  Great  Bear,  one  of  the  48  old 

constellations,  and  p«Thaps  mure  ancient  than  many  of 
the  othei^  ; bring  familiarly  known  and  alluded  to  by  the 
oldest  writers,  and  is  mentiomd  by  Homer  as  observed  by 
navigators.  It  is  supposed  that  this  • unsteilation  is  that 
mentioned  in  the  book  of  Job,  uihIet  the  name  of  Chesil, 
which  our  translation  has  rendcri-d  Orton,  where  it  is 
said,  **  C'unst  thou  loose  the  bands  of  Chesil  (Orion)  K* 
It  is  farther  said  that  the  ancients  represented  each  of 
these  two  constelUtiom  under  tlie  form  of  a wa:.gon 
drawn  bv  a team  of  horses,  and  the  Greeks  originally 
called  them  wagg«ms  and  two  bears;  they  arc  to  this  day 
popularly  called  the  wains,  or  waggons,  and  the  greater 
of  them  Charles's  Wain.  Hence  is  remarked  the  pro- 
priety of  the  e.xprrssion,  “ loose  the  bands  3ec/'  the 
binding  and  loosing  being  terms  very  applicable  to  a har- 
ness, ^c. 

Perhap't  the  F-ayptians,  or  whoever  else  were  the  people 
that  invented  the  con^telUtinns  placed  those  stars,  which 
are  near  the  pole,  in  the  figure  of  a l>car,  as  being  an 
animal  iniiabiting  towards  the  north  pole,  and  making 
neither  long  journeys, nor  swift  motions.  But  the  Greeks, 
in  their  U'>ual  way,  have  adapted  some  of  their  fables  to 
it.  They  say  this  bear  was  Callisto,  daughter  of  Lycaun, 
king  of  Arcadia;  that  being  debauched  by  Jupiter,  he 
afterwards  placed  her  in  tbc  heavens,  as  well  as  her  son 
Arclurus. 

The  Greeks  called  this  constellation  Arclosand  Hclicr, 
from  its  turning  round  the  pule.  The  Latins  from  the 
name  of  the  nymph,  as  variously  written,  Callisto,  Me- 
gisto,  and  Plemisto,  and  frmn  the  Arabians,  sometimes 
Ferrtrum  Majus,  the  Great  Bier.  And  the  Ursa  Minor, 
they  called  Feretrum  Minus,  the  Little  Bier.  The  liulians 
have  followed  the  same  custom,  and  call  them  Cataletto. 
They  spoke  also  of  the  Pheniciuns  being  guided  by  the 
Lesser  Bear,  but  the  Grvt'ks  by  tbc  Greater. 

llierc  arc  two  remarkable  stars  in  this  nunstcllaiion, 


via,  those  in  the  middle  of  his  body,  considered  as  the 
two  himiermost  of  the  wain,  and  called  the  pointers,  be- 
cause they  always  point  nearly  in  a dir«>ction  towards  the 
north  pole  star,  and  so  are  useful  in  linding.oui  this  star. 

The  stars  iti  Uisa  Major,  are,  according  to  Ptolemy’s 
catalogue,  33 ; in  Tjeho’s  36  ; in  lleveliuss  7 J ; but  in 
tbc  Britannic  catalogue  87- 

Ursa  Minor,  tbc  Uule  Bear, called  also  Arclos  .Minor, 
Phcenice,  and  C)  nusuia,  one  of  the  48  old  ConstelUiioiis, 
and  near  the  iirurlh  {>o)e,  the  large  star  in  the  tip  of  its 
tail  being  very  near  u»  it,  and  tb«*nce  cnlkd  ihc  pole-star. 

The  Fuetiicians  guideii  their  navigation^  by  this  cuii- 
steilatiun,  fur  which  reason  it  was  calb'd  Plibnice,  or  lliu 
Phenician  constellation-  U was  also  called  C'ynusura  by 
the  Greeks,  because,  according  to  some,  that  was  ono 
of  (he  dogs  of  the  huntress  Callisto,  or  the  Orest  Bear; 
but  according  to  others  Cyn*>sura  was  one  of  the  Idieun 
nympbs  that  nursed  the  iniaul  Jupiter;  and  some  say 
that  Callisto  was  uiiotber  of  them,  and  (hat,  for  their  care, 
they  were  takrii  up  logetlicr  to  the  skies. — Ptolemy  places 
in  this  consU-llution  S stars,  Tycho  7«  IJeveltus  J2,  and 
Flamsteed  24. 

UltSUb(NiciiOLAs  Raimarus),  a very  extraordinary 
character,  and  tlistingui?>hed  in  the  science  of  astrt.nomy, 
was  born  at  Henstedt  in  Ditbmursen,  in  the  duchy  of 
HoUtein,  about  the  year  1530.  He  was  a swinvlierd  in 
his  youth,  and  did  not  bt*gm  to  read  till  ho  was  18  years 
of  age;  but  then  he  cmplo)ed  all  the  hours  be  could 
spare  from  his  daily  labour,  in  learning  to  read  and  write. 
He  afterwards  applied  himself  to  study  the  Languages ; 
and,  having  a strung  genius,  made  a rapid  progress  in 
Greek  and  Latin.  He  quickly  learned  also  the  French 
language,  (ho  mathetuaiics,  astronomy,  and  philovophy; 
and  most  of  them  without  the  assistance  of  a master. 

Having  left  iiis  native  country,  he  gained  a maintenance 
by  teaching;  which  he  did  in  Deumark  in  1584,  and  on 
the  fnmtiers  of  Pomerania  and  Poland  in  1.5S5.  it  was 
ill  this  place  that  he  invcntcil  a new  system  of  astronomy, 
very  little  dilfti^ent  from  that  of  i’yehu  Brah4.  This  he 
communicated,  in  1386',  to  the  Lndgrave  of  Htsse,  which 
gave  rise  to  a terrible  dispute  between  him  and  'I'yclio. 
This  celebrated  astronomer  charged  him  with  being  n 
plagiary  ; who,  as  be  ndatcdf  happening  to  come  u iib  his 
master  into  bis  study,  saw  there,  drawn  on  a piece  of 
paper,  the  hgurc  of  bis  system  ; and  afterwards  insolenljy 
boasted  that  he  himself  was  the  inventor  of  it.  Ursus, 
on  this  accusation,  wrote  furiously  against  Tycho,  colled 
the  honour  of  his  invention  in  question,  ascribing  the 
system  to  Apollonius  IVrgieus  ; and  in  short  abused  him 
in  so  brutal  a manner,  (hat  be  was  like  to  Ix'  probxutcd 
for  it.  Ursus  was  a^fterwards  invited  by  the  emperor  to 
teach  the  mathematics  in  Prague;  from  jr hie ti  cily,  to 
avoid  the  presence  of  Tycho,  he  wiilnlrew  silently  in 
1389i  and  died  soon  after. 

He  made  some  improvement  in  trigonometiy,  and  wrote 
several  books,  which  discover  the  marks  of  his  hasty 
studies;  bis  erudition  being  indigested,  and  his  style  in- 
correct, as  is  almost  always  lu  be  observed  of  persons 
that  arc  Ule-learned. 

VULPECUL.'\  €t  Ahser,  thcFoxani/  (ioote,  in  Astro- 
nomy, one  of  the  new  constellations  o(  the  northern  hemi- 
sphere, made  out  of  (he  unformed  stars  by  Hevelius,  in 
which  he  reckons  27  stars;  but  Flamsteed  counts 33- 
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or  VVadoixo,  in  Guiuujry,  u stopple  of  paper, 

’ * hay,  straw,  old  rope-yam,  or  low,  rolicil  firmly  up 
like  a ball,  or  a short  cylinder,  and  forced  into  a gun  up 
to  the  powder,  to  keep  it  close  in  the  chamber ; or  secure 
the  shut  from  rolling  out,  as  well  as,  according  to  some, 
to  prcveiil  the  inflamed  powder  from  dilating  around  ihu 
sides  of  the  ball,  by  its  windage,  as  it  passes  along  the 
chacc,  whiclr  it  was  thought  would  much  diminish  the 
effort  of  the  powder.  Rut,  from  (he  accurate  experiments 
lately  made  at  Wcsolwich,  it  has  nut  been  found  to  have 
any  such  effect. 

WADHOOK,  or  Woem,  a long  pole  with  a screw  at 
the  end,  to  draw  out  the  wad,  or  the  charge,  or  paper 
from  a gun. 

WAGCiONKR,  in  Astronomy,  is  the  constellation 
Ursa  Major,  or  the  Crreat  Hear,  called  also  vulgarly 
Charles's  Wain. 

Waggoner  is  also  used  for  a routier,  or  book  of 
charts,  describing  the  M^as,  (heir  coasts,  ^c. 

W-AEEs  (William),  r.  r.s.  by  his  natural  talents  and 
close  application,  rose  from  a low  situation,  little  con- 
nected with  learning,  (o  some  of  the  first  ranks  in  litrrary 
pursuilrt.  We  observe  his  early  labours  in  the  correspon- 
dence of  tlie  I-aditV  Diary,  that  very  'iveful  little  work, 
which  has  formed  most  of  our  eminctd  muthematicinns. 
Here,  and  in  some  other  periodical  publications  f»r  many 
years  is  obsiTvcd  the  gradual  improvi-ment  of  Mr.  W.  iti 
the  various  malhctnalical  sciences.  Mr.  W.  was 
a fit  person  to  be  sent  to  a <lislant  courdry  (Hudson’s 
Bay),  to  observe  the  transit  of  Venus  over  the  sun  1769; 
and  the  manner  in  which  he  discharged  that  trust  did 
honour  to  his  talents.  On  his  return  he  communicated 
to  the  Uoyal  Society  an  excellent  pap<‘r  of  observations 
made  at  that  station,  which  was  inserted  their  Trans- 
actions, vo).  for  1769;  and  the  yvur  following  came  out 
his  general  observations  titade  at  Hudson's  Hay,  in  a large 
4to  volume.  Mr.  W.  next,  in  the  character  of  astroiui- 
mer,  accompanied  Capi.Cuok,  in  his  first  voyage,  1772— 
1774;  and  again  in  bis  other  voyage  of  177h^l/79- 
In  1777  came  out  his  Observations  on  a voyage  with 
Capt.  Cook;  and  in  177H  Remarks  cm  Dr.  Forster’s  Ac- 
count of  the  Voyage,  in  which  he  showed  considerable 
talents  as  a controversial  writer.  Soon  after  bis  return 
from  the  last  voyage,  Mr.  W.  was  elected  a r.  r.s.  where 
he  proved  a very  useful  member;  and,  on  the  dculh  of 
Mr.  Daniel  Harris,  he  was  appointed  ^mathematical  master 
toChrist’s  Ho^ital,  London ; and,  some  years  after,  secre- 
tary to  the  board  of  longitude;  both  which  ofiicea  he 
held  till  the  time  of  his  death,  which  happened  in  1/98, 
at  about  64  yi'ars  of  age. 

In  1781,  Mr.  W.  published  an  Enquiry  into  the  State  of 
the  Population  in  England  and  Wales:  and  in  1794  his 
treatise  on  the  Longitude  by 'rimekeepers.  Mr.  W.  pob- 
Fished  an  ingenious  n^toration  of  one  of  the  lost  pieces 
of  Apollonius:  and  it  has  been  said  he  w.'is  author  of 
one  of  the  dissertations  on  the  achronical  rising  of  the 
Pleiades,  anne.xcd  to  Dr.  V'incent’s  V'oyage  of  Nearchus, 
1797.  Iksldes  all  these,  Mr.  \V.  wrote  some  ingenious 
papers  in  the  Philos.  I’rans.  and  in  various  ficnodical 
publications,  particularly  the  Ladies’  Diaries,  sometimes 


signed  with  his  own  name,  and  sometimes  under  certain 
fictitious  signatures,  as  G,  CcUi,  Felix  M'Cnrihy,  81c. 

WALLIb  (Dr.  John),  an  amiiienl  English  malbcma- 
tician,  aus  the  son  of  a clergyman,  ond  born  at  Ashford 
in  Kent,  Nov.  *23,  I616.  Aher  being  instructed,  at  diflie- 
rent  schools,  in  grammar  learning,  in  Latin,  Greek,  and 
Hebrew,  with  the  rudiment^  of  logtc^  music,  and  the 
French  language,  he  was  placed  ia  Emanuel  college, 
Cambridge.  About  1640  he  eiitereti  into  orders,  and  was 
chosen  fellow  of  Quern's  college.  He  kep:  bis  fellowship 
till  it  was  vacated  by  his  marriage,  but  quitted  bis  col- 
lege to  be  chaplain  to  sir  Richard  Darley ; after  a \*ear 
spent  in  this  situation,  he  pawed  two  more  asebapiam  tu 
lady  Vere.  While  he  lived  in  this  family,  he  cultivated 
the  art  of  deciphering,  which  proved  very  useful  lo  him 
on  several  occasions:  he  met  with  reuaidv  and  prefer- 
ment  from  the  government  at  home  for  clecipht-rir^  letters 
for  [hem  ; and  it  is  said,  that  the  elector  ui  Brandenburg 
sent  him  a gold  chain  niid  im  dal,  for  explaining  for  him 
some  letters  written  in  ciphers. 

in  1843  he  published  Truth  Tryed,or  Animadversionai 
on  Lord  Hnioke's  treatise,  called  The  Nature  of  Truth 
Ac;  staling  himveif  **  a minister  in  London,"  probably 
of  St.  Cabrul  1-onchurch,  the  sequestration  of  which  had 
been  granted  to  him. — Jn  1044  he  was  chosen  or>e  of  the 
scribes  or  secretaries  lo  the  assembly  of  divines  at  West- 
minster. 

Academical  studies  being  much  interrupted  by  the 
civil  wars  in  both  the  universities,  many  learned  men 
from  them  resorted  to  London,  and  formed  asavmbUea 
there.  Walliv  belonged  to  one  of  these,  the  members  of 
which  met  once  a week,  to  discourse  on  philosophical 
matters;  and  this  society  was  the  rise  and  beginning  of 
that  which  was  afterwards  incorporated  by  tlie  nane  of 
the  Royal  Society,  of  which  Wallis  was  one  of  the  moat 
early  members. 

I'lie  Savilian  professor  of  geoMetry  at  Oxford  being 
ejected  by  the  parliamentary  visitors,  in  16*49,  Wallis  was 
appointed  to  succeed  him,  and  he  opened  his  lectures  (here 
the  same  year.  In  1650  he  published  some  Animadver- 
sions on  a book  of  Mr.  Baxter’s,  entitled,  **  Aphorisrea 
of  Justification  and  the  Covenant."  And  in  1653,  iri 
Lalin,  a Grammar  of  the  English  torque,  for  the  use  of 
foreigners;  to  which  was  added,  a iract  De  Loquela  sell 
Sonorum  Formaiioue,  Ac,  in  which  be  considers  philoso- 
phically the  formHlton  of  all  sounds  used  in  urticulata 
speech,  and  sbous  how  the  organs  being  put  into  certain 
positions,  and  the  brenth  forced  out  from  the  lungs,  the 
person  will  thus  be  made  to  speak,  whether  he  Ivear  him- 
self or  aot.  Pursuing  these  refieclioii6,  he  was  led  to 
think  it  possible,  that  a deaf  person  might  be  taught  to 
speak,  by  being  ditrclrd  so  to  apply  tbc  oiguns  of  speech, 
as  the  sound  of  each  letb*r  required,  which  children  learn 
by  imitation  and  frequent  attempts,  rather  than  by  art. 
He  made  a trial  or  two  with  success;  and  pcirticulariy  oa 
one  Popham,  which  involved  him  in  a dispute  with  Dr. 
Holder,  of  which  some  account  has  already  been  given 
in  the  life  o^that  gentleman. 

In  16*54  he  took  the  degree  of  doctor  in  divinity  ; and 
the  year  after  became  engaged  in  a long  controversy  with 
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Mr.  Hobbes.  This  philosopher  having^  in  lb6d,  printed 
bis  treatise  UeCorpore  Pbilosophico,  L)r.  WaiUs  the  same 
year  wrote  a confutation  of  it  in  lAtin,  under  the  title  of 
KlencliU*  Gonmetrite  liobbmtUL* ; which  so  pri-wi^ked 
Hobbes,  that  in  16‘56  he  publishtnl  it  in  iCoglibb,  with  the 
addition  of  wbat  he  called,  **  Six  Lessons  to  the  Profeseors 
of  Mathematics  in  Oxford.**  Upon  this  Dr.  Wallis  wrote 
an  aiMwer  in  English,  entitled,  **  Due  Correciioo  for 
Mr.  {To()bes;  or  i^hooUdiscipline  for  nut  saying  liis  Lc8> 
sons  right/*  16'56;  to  which  blr.  Hobbcf>  replied  in  a 
pamphlet  calU'd  ZTIFMAI,  dec,  or  Marks  of  the  ab* 
surd  Geometry,  Rural  Ijingaage,  Scottish  Church-politics, 
and  Rarl>arism«,  of  John  Wallis,  16'57."  This  was  im* 
mediately  re-joined  to  by  Dr.  Wallb,  in  Hobbiuni  Puncti 
Dispunctio,  16*57.  And  bore  this  controversy  swias  to 
have  ended,  at  this  time:  but  in  l6hl  .Mr.  Hobbes 
printed  Ksatninalio  5c  Eineiidailo  Matlu-tuuticoruin  Ho* 
diernoruin  in  m*x  Dialogts;  which  occiiMoned  Dr.  Wallis 
to  publish  the  next  year,  Hobbius  HiMUtuntiinorumcwos, 
nddreneil  to  Mr.  Boyle. 

In  1<)57  our  author  collected  and  pubhshetl  bis  malbe- 
malicul  woiks,  in  two  parts,  entitiixi,  Mnthesis  Universa- 
lis, in  4(0 ; and  in  1658,  Cotnmercium  Epistolicuiu  d« 
Qutestionihus  quitusdain  Mathematicis  nuper  habitum, 
in  4to  ; which  u-ws  a collection  of  letters  written  by  him- 
self and  inanv  learned  iik'II,  as  Lord  Bmunker,  bir  Kc- 
nelm  Dtgby,  Fermat,  Schooten,  and  others. 

VValliH  was  this  year  chosen  Ciist«w  Aichivorum  of  the 
univcriiiiy.  On  this' occasion  Mr.  ^luhbe,  who,  on  ac- 
count of  his  friend  Mr.  Hid>bev,  iiad  b<  fore  wageil  war 
also  against  Wallis,  published  n pump  let,  entitled,  **The 
iSaviliaii  Professor's  Case  8tated,”  1058.  Dr.  WhIIis  re- 
plied to  this:  and  .Mr.  Stubla!  republi^ied  1m!h  rase,  with 
eislarseineiils,  urid  a vindication  nifuinst  the  * x<  entumv  ut 
Dr.  WhHis. 

.On  the  Uestoraiion  it  appears  he  nu  t with  great  respect ; 
the  king  thinkins  fnvourHbly  of  him  on  arcount  ui  some 
services  he  had  done  both  to  hinuH-lt  and  bis  lather 
Charles  thv  firvt.  He  was  iherehtre  c nfirmed  in  his 
places,  also  admitted  one  of  the  king's  chaplains  in  ordi- 
nary, and  appointed  one  of  the  divines  empowered  to  n*- 
vise  the  Br^ok  of  Common  Prayer.  He  complied  with  the 
terms  of  the  act  <d  unvlormity,  and  continued  a steady 
conformist  till  his  death.  He  was  a very  uw’ful  member 
of  the  Royal  Society  ; and  kept  up  a literary  com*vpond> 
ence  with  many  learned  im  n.  In  Ih'/O  he  published  bis 
Mechnnica;  sive  de  Motu,  4to.  In  I(i76  he  gave  an 
edition  of  ArchirruNliv  .xyntcuMtni  Aronariiis  5e  Dimensio 
Circuli;  and  in  16*82  he  published  from  the  manuscripts, 
Ciaudii  Piolomci  Opus  Harmoniruin,  in  Greek,  with  a 
laitin  version  and  notes ; to  which  be  afterwards  added, 
Appendix  de  vetcrum  H/irmonica  ad  hodiernam  compa- 
rata,  6cc.  In  16*85  he  published  some  theoiogiciil  pied's ; 
and,  about  l69Ck  vvas  engaged  in  a dispute  with  the  Uni- 
tarians; also,  in  l6<)2,  in  another  dispute  about  the 
aabbath.  Indeed  his  books  on  siibjecis  of  divinity  are 
very  numerous,  but  nothing  near  st>  important  as  his  ma- 
(beraatical  works. 

In  |6B5  he  published  bis  History  and  Priicticc  of  Al- 
gebra, in  folio;  a work  replete  with  harned  and  useful 
matter.  Ib*ide*  the  works  above-mentiondl,  he  pub- 
lished m.iny  oihcrs,  partirularly  his  .Arillumtic  of  Infi- 
nites, a book  of  gt'uius  and  good  invetititm,  and  perhaps 
almost  his  only  work  that  is  so,  for  be  was  much  m<>re 
distinguished  for  bis  industry  and  judgment,  than  for  his 


genius-  Also  a nuhilude  oT  papers  in  the  Pkilus.  Trans, 
in  almost  every  volume,  from  the  1st  to  the  85th  volume, 
in  1697,  the  curators  of  the  university  press  at  Oxford 
thought  it  for  the  honour  of  the  university  to  collect  the 
doctor’s  matbematical  works,  which  had  been  printed  se- 
parately, some  in  Latin,  some  in  English,  and  published 
them  all  together  in  Latin,  in  5 vols.  folio,  I699. 

Dr.  Wallis  died  at  Oxford  the  28ih  of  October,  I7OS, 
in  the  88th  year  of  bis  age,  leaving  behind  him  one  son 
ni>d  two  daughters.  We  are  informed  that  he  was  of  a 
vigorous  coDbtitution,  and  of  a mind  which  was  strong, 
calm, .serene,  and  not  easily  ruSkd  or  discomposed.  He 
speoks  of  himself,  in  his  fetter  to  Mr.  bmiih,  in  a strain 
which  shows  him  to  have  been  a very  cautious  and  pru- 
dent man.  w hatever  his  scervt  opinions  and  attuchmenia 
might  be:  he  concludes,  **  it  hath  been  my  endeavour 
all  along  to  act  by  moderate  principlca,  btdng  willinf, 
whatever  side  was  upperniml,  to  piomole  any  go^  design, 
for  (ho  true  iiiierest  of  religion,  of  learning,  and  of  (he 
pulilic  goml.** 

^V.ALMLSLEV  (CiiAatEs),  B.D.  r.iua.  wosanEn^ish 
BenediciirK-  monk,  and  a Humau  Catholic  bishop;  also 
senior  bishop  and  vicar  apostolic  of  the  western  district, 
as  well  as  doctor  of  theology  in  the  borbonoe.  He  died 
at  Biiiii  in  I7.d7,  in  the  76*(b  year  of  his  age,  and  (be 
41st  of  his  episcopacy  Dr.  W.  was  the  last  survivor  of 
ihoae  eii  im-nt  mathematicians,  wIki  were  concerned  in 
regulating  the  chronological  style  m England,  which  pro- 
duced a change  of  the  style  in  this  cuuniry,  in  (he  year 
1758.  Besides  some  ingenious  astronomical  essays  in  (kr 
Philos.  Tram,  he  published  Several  *^parnte  works,  bulh 
on  lUHthimattCs  and  theology;  as,  1.  Analyse  des  Me- 
sureg  des  Uupports  et  dcs  Angles,  4to,  l749»  Ining  an 
extinsion  and  explanation  of  Cotes 9 llarnionin  Mensum- 
rum.  8.  Tin  urie  du  Monument  <U->  Ap^ide^,  8vu,  1749- 
3.  De  Itia^qualiiMlibu^  Motuoin  Lunmium,  4io,  1758. 
An  e.xplaiialion  u(  the  ApiKalypw*,  Ijn-kiei's  Vision, &c; 
By  the  (ire  at  Balh  ii(  (he  lime  of  (he  riots,  several  valuable 
manuscripts,  which  lie  had  been  compiling  during  a well- 
spent  life  of  labour,  and  travelling  through  many  coun- 
tries, were  irretrievably  U»si. 

Ward  {Dr  Sktm),  an  English  prelate,  chiefly  famoBS 
for  ht^  knowledge  in  matbrmatics  ajid  ustroiuniiy,  was  (be 
eon  of  an  attiM’ney,  and  bi>rn  at  Buntingford,  flertfurd- 
shire,  In  l6l7  or  l6l8.  From  hence  lu.'  was  removed 
and  plact'd  a student  in  hidiiey-college,  Cambridge,  in 
165*.  Here  he  applied  with  great  vigour  to  his  studies, 
pnrticuluriy  to  the  mathematics,  uiid  was  chosen  fellow 
of  his  colli'ge.  In  1640  he  wa*.  pitched  uj>on  by  ibe  vice- 
chancellor  In  b(*  prtavuricalor,  which  at  Oxford  » called 
lerrte-filius ; whose  office  it  was  to  make  a willy  speech, 
and  to  laugh  at  any  thing  or  any  body  : a privilege  which 
he  exercised  to  freely,  tiiat  (he  vice-chancellor  nctually 
suspi'nded  him  from  his  dt^ree;  (bough  he  reversed  the 
cenvure  (he  day  following. 

'I'hc  civil  war  n«»w  breaking  out,  Ward  was  involved 
not  a little  in  the  consequences  «f  it.  He  was  eject^ 
from  his  fciiow-ihtp  for' retiising  the  Covenant;  against 
which  he  soon  after  joined  willi  wverul  olher!*,  in  drawing 
up  (hat  celebrareil  treatiie,  which  was  afterward'  printed. 
B<-iiig  now  obliged  to  leave  Cambridge,  he  r< 'idl'd  for 
some  tiniB  with  certain  friends  about  London,  and  at  other 
times  at  Aldbury  in  Surrey,  with  the  noted  nuthenistician 
Oughtred,  where  he  prosecuted  his  ma(homa(ical  studies, 
11c  afterwords  lived  for  (he  most  part,  (ill  1649,  with  Mr. 
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Ralph  Freeman  at  Aspcndm  in  I irrrfnrdshire,  whoso  sons 
he  mslruciecl  us  lht*ir  pn'Cfptor;  afUT  which  be  resided 
some  tnombs  with  lord  Weiitnan,  of  Thame  Park,  in  Ox- 
fordshire. 

He  had  not  been  long  id  this  family  before  the  visita- 
tion of  the  university  of  Oxford  bepan;  the  rffeci  of 
which  was,  that  muiiy  learned  and  rmtncnl  perstms  were 
turneii  out,  ami  ainoti^  ihrm  Mr.  Cvrravcs,  the  Savilimi 
profrsMJf  of  Aslnauimy:  this  prntlcman  laboured  to  pro- 
cure Ward  for  hiv  successor,  w hose  abilities  as  an  astro- 
nomer were- universally  known  and  ackiiowlodj»ed  ; and 
effected  it;  I>r.  Wallis  succeeding  to  the  Geometry  pro- 
fessorship at  the  same  time.  Mr.  Ward  then  entered  him- 
self of  Wadhnm  college,  for  the  sake  of  Dr.  W'llkins,  who 
wras  the  w^irden;  and  he  lost  no  time  in  bringing  the 
astronomy-  lectures,  which  had  long  been  negU^U'd  and 
disusi'd,  into  repute  again;  and  fur  this  pur|>0!K'  he  read 
them  very  constantly,  never  missing  one  reading  tlay,  dur- 
ing the  time  he  field  the  lecture. 

Jn  lf»54,  both  the  Savilian  professors  did  their  exercises, 
in  order  to  prucctHl  doctors  in  divinity;  ami  when  they 
wen*  to  be  presented,  Wallis  claimed  precedency.  'J'fiis 
OCCasinne<!  a dispute ; which  being  decided  in  lavuur  of 
Ward,  who  was  really  the  senior,  Wallis  went  out  grand 
compounder,  and  so  obtained  the  priority.  In  I059t 
Ward  was  chosen  prc'*ideni  of 'IVinity  college;  but  was 
obliged  nt  the  Restoration  to  resign  that  place.  Ho  had 
rccomjietm*  made  him,  hewrever,  by  being  presented  in 
l6(k)  to  the  rectory  of  St.  Luorence  Jewry.  The  same 
year  he  was  also  insialled  precentor  of  the  church  of  Kxc- 
tcr.  In  he  became  fellow  of  the  ^oyal  Society, 

and  dean  of  I'xeter;  nnd  the  year  following  he  was  ad- 
vanced to  the  bishopric  of  the  same  church.  In  l66? 
he  was  translMted  to  the  see  of  Salisbur)-:  and  in  16‘71 
was  made  chiinCellor  of  the  order  of  the  garter;  an  honour 
which  he  afterwards  procured  to  be  permanently  annexed 
to  the  see  of  Salisbury,  after  it  had  been  held  by  Inymen 
for  above  I.W  )ears 

Dr.  Ward  was  one  of  those  unhappy  persons  who  have 
the  misfortune  to  survive  their  senses,  which  happened  in 
consequence  of  a fcv»  r badly  cured  : he  lived  til)  the  Re- 
volution, but  without  knowing  any  thing  of  the  matter; 
and  died  in  Januniy  l68p,  about  71  y(*ars  of  age.  He 
WO.H  the  author  of  several  Latin  works  in  asln>numy  and 
different  parts  of  the  malhemBlics,  which  were  thought 
excellent  in  their  day;  but  their  use  has  U'en  super.voiied 
hy  later  improvements  and  the  Newtonian  philosophy. 
Some  of  these  were, 

I.  A Philosophical  Tssay  towards  an  F.viciion  of  the 
Being  and  Attributes  of  God,  ike.  1652. — 2.  De  C-ometis, 
&c;  4to,  l65:t.—3.  In  hmaelis  Bullialdi  Astronomia 
Inquisitio;  4to,  l6.^3.~4.  Idc^a  Trigouoinetrix  deiiiun- 
atrata;;  4to,  1654. — 5.  Astronoium  Geometrica;  8v(>, 
1656.  In  this  wrork,  a method  is  proposed,  by  which 
the  astronomy  of  the  planets  is  gi'otnetrically  n*»olved, 
either  on  the  Klliptical  or  Circular  motion;  it  bt-ing  in 
tlic  third  or  last  part  of  this  work  that  hr  proposes  and 
explains  what  is  called  Ward  s ('ircular  Hypothesis. — 
C.  Exercituiio  epivtoiicH  inThomm  Hobbii  Pbilosnpliiam, 
ad  D.  Joannem  Wilkins;  1656,  Hvo 

But  that  by  which  he  has  chiefly  signaiirrd  himself,  as 
to  astronomical  invention, is  his  celebrated  approximation 
to  the  true  place  of  a planet,  from  a given  mean  anomaly, 
fuundtHl  on  an  hypothesis,  that  the  motion  of  a planet, 
though  it  bo  really  performed  in  an  elliptic  orbit,  may 


yet  lie  considered  as  equable  as  to  angular  velocity,  or  with 
an  uniform  circular  motion  round  the  upper  focus  of  the 
ellipse,  or  that  next  the  aphelion,  as  a centre.  By  this 
means  he  rendered  the  praxis  of  calculation  much  easier 
than  any  that  could  be  used  in  ri*sulviug  whut  has  been 
commonly  called  Kepler’s  prc»blem,  in  which  the  cui’quaie 
ahuniiily  was  to  be  immediately  investigated  from  that  of 
the  mean  elliptic  one.  His  hypotht-sis  ugrets  prcl^’  well 
with  tbos4'  orbits  which  are  elliptical  but  In  a very  small 
degree,  as  that  of  the  Harth  and  Venus : but  in  others, 
that  are  more  elliptical  orexcenlric,  as  tho<>e  of  Mercury, 
Miim,  &c,  this  approximuiion  stood  in  need  of  a correc- 
tion, which  WHS  made  by  Huliiald.  Both  the  method,  and 
the  correction,  aie  v*ery  well  explained  and  demonstrated, 
by  Keill,  in  this  Astronomy,  lecture  24. 

WARGLN'riN  (p£TLa),aii  ingenious  Swedish  mathe- 
matician and  astronomer,  was  born  Sept. 22,  1717,  and 
died  Dec.  13,  1783.  He  became  secretary  to  the  .Aca- 
demy at  Stockholm  in  1749,  when  he  was  only  32  years 
of  age ; and  he  became  succt'ssivrly  a mcrnbi'r  of  most  of 
the  literary  academies  in  Europe,  as  London,  Paris,  Pe- 
tersburg, Gottingen,  Upsal,  Copenhagen,  Dronibeiro, &c. 
In  this  country  he  is  probably  most  known  on  account  of 
his  tables  for  computing  the  eclipses  of  Jupiter’s  satel- 
lites, which  are  annexed  to  the  Nautical  Almanac  of 
1779.  1 know  not  that  be  has  published  any  separate 

work  ; hut  his  communications  were  very  numerous  to 
several  of  those  Acaderniei  of  which  he  was  a member  ; 
as  the  Academy  of  Stockholm,  in  which  are  52  r»f  hi> 
memoirs^  in  the  Philosophical  'I'ransaciiuns,  the  Upsal 
Acta,  the  Paris  Memoirs, &c. 

WARING  (Edward),  m.d.  and  p,  r.s.  was  born 
about  the  year  1736,  near  Shrewsbury,  were  also  he 
died,  August  15,  1793.  m the  sixty-third  year  of  his  age. 
.After  bis  early  education  at  that  place,  he  was  sent  to 
Magdalen  cullege,  Cumbridge,  in  1753.  iletc  his  talents 
fur  abstruse  calculations  soon  dislinguisbed  him  ; so  that, 
on  taking  his  first  degree,  in  1757,  he  whs  ranked  us  senior 
w rangier,  or  the  first  student  of  the  year,  .Mr.  John  Jebb 
l«‘ing  the  second  on  the  list.  The  Lucasian  profissorship 
of  mathematics  in  the  university  becoming  vacant,  by  the 
death  of  Mr.  John  Colson,  in  1759,  Mr-  W.  was  elected 
to  that  ollice  iti  Jan.  1760.  On  this  occasion  some  re- 
markable circumstances  took  place.  Before  his  election, 
Mr.  W.  gave  a small  specimen  of  his  abilities,  as  a proof 
of  his  fiinmv  for  that  office,  by  the  publication  of  the  first 
chapter  of  bis  Miscellanea  Analylica.  'Ihis  specimen 
was  attacked,  and  his  election  opposed,  by  De.  Powell, 
of  St.John’s  cullege,  with  the  view  of  wrving  his  friend 
Mr  Maseres  (the  present  cursitor  Laron  of  the  e.vchcquer), 
llieii  a candidate  also  fur  the  vacnnl  professorship.  'I'his 
op}K>sition  produced  several  curious  pamphli  ts  between 
the  two  pariifs,  by  Dr.  Powell  nnd  Mr,  .Maseies  on  the 
one  side,  nnd  by  Mr.  W’aring,  assisted  by  bis  friend  Mr. 
Wilson  (afterwards  onn  of  the  judges,  sir  John  Wilson), 
on  the  other  side ; which  however  ended  in  the  success 
.and  election  of  the  latter. 

In  1762  -Mr.W.  published  complete  his  Miscellanea 
Analylica,  one  of  the  most  abstruse  books,  written  on 
the  absirusest  parts  of  Algebra;  which  might  at  least 
have  the  otfectof  extending  the  author's  title  to  ingenuity. 
Mathematics  however  did  not  engross  the  v»hulc  of  his 
attention  : lie  could  allow  some  part  of  bis  time  to  the 
study  of  medicine;  and  in  1/67  he  was  admitted  to  the 
degree  of  m.  u.  though  he  never  after  practised  as  a phy- 
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»ician.  ?^(athematic$  again  ei^agcd  hU  chief  aUcntiuiij 
and  he  kucieMively  prcaluced  n number  of  piccea,  of  a like 
abstruke  kind  a»  the  former;  several  of  which  were  in>> 
»crtcd  in  diflerent  volumes  of  the  Philos. Trans.,  and  cume 
he  published  in  sepamte  works;  as,  (haMeditationes  Ana* 
lytictc,  in  1770;  the  proprieUtes  Algcbraicurum  Curva- 
rum,  m \77'ii  and  the  Meditationas  Analytics,  in  1770'< 
To  these  ini^ht  be  added  a work,  written  in  his  retire- 
meat,  on  morals  and  metaphysics;  of  which  a few  copies 
only  wore  printed,  nnd  presented  to  his  friends.  As  also 
a pamphlet  published  at  Cambridge,  in  which  algebraic 
<;uantilics  arc  iraiislaU'd  into  probable  relations,  and  some 
theorems  on  probabilities  thence  deduced.  In  the  sarou 
pnmpblet  arc  farther  added  some  new  propokifipns  on 
chances,  on  the  values  of  lives,  on  survivorships, 

Most  of  these  essays  give  proofs  of  the  strong  powers 
of  the  uuthor's  tnind,  both  in  abstract  science,  and  its  ap- 
plication to  philosophy:  though  they  labour,  in  common 
uuii  his  nibrr  works,  under  the  disavaiUage  of  being  con> 
\cyvii  in  a very  uuattractivi*  forrov 

In  his  dispoMtion  and  character,  Dr.  W.  is  represented 
as  of  indoxibic  integrity,  great  mmlesty,  plainness,  and 
simplicity  of  lUuiiDers  ; of  a meekness  and  a diffidence  of 
mmd  to  such  n degri'e,  as  to  be  always  embarrassed  before 
strangers.  His  e.xtreme  short-sightedness  too,  joined  to 
the  natural  want  of  order  and  method  in  his  mind,  which 
appeared  remarkably  even  in  bis  band-writing,  rendered 
hiv  mnihematical  compositions  so  confused  nnd  embar- 
rassed, that  in  roanuscripi  they  were  often  utterly  inexpli' 
cable:  u circumstance  which  may  account  (pbthe  nu- 
merous ty|a>grjphicH)  errors  in  his  publications'. 

Besides  the  works  before-mentioned,  Dr.  Waring  gave 
a number  of  valuable  papers  to  the  Philosophical  Traos- 
aciions  of  the  Uoyal  Society. 

WATCH,  a small  portable  machine,  or  movement,  for 
measuring  time;  having  its  motion  commonly  regulated 
by  a spiral  spring.  Perhaps,  strictly  speaking,  watches 
are  nil  such  movements  as  show  the  parts  of  time ; as 
clocks  are  such  as  proclaim  them,  by  striking  on  a bell, 
dec.  But  commonly,  the  term  watch  is  appropriated  to 
such  as  are  carried  in  the  pocket ; and  clock  to  the  large 
roovements,  wbelhor  they  strike  the  hour  or  not. 

Spring  or  Pendulum  W.stchs.s  stand  on  much  the 
xame  principle  with  pimdulum  clocks.  For  if  a pendu- 
lum, describing  small  circular  aroi,  make  vibrations  of 
unequal  lengths,  in  C((ual  times,  it  is  because  it  describes 
the  greater  arc  with  a greater  velocity;  so  a spring  put  in 
motion,  and  making  greater  and  less  vibrations,  as  it  it 
more  or  less  slrongt  and  as  it  has  a greater  or  le»s  degree 
of  motion  givua  it,' performs  them  nearly  in  equal  limes. 
Hence,  as  the  vibrations  of  the  pendulum  had  bi’cn  ap- 
plied to  large  clocks,  to  rectify  the  inequality  of  their 
motions;  so,  to  correct  the  unequal  motions  of  the  ba- 
lance in  watches,  a spring  is  added,  by  the  isochronism 
of  whose  vibrations  the  correction  is  to  be  effected. 
The  spring  is  usually  wound  into  a spiral;  that,  in  the 
little  compass  allott^  it,  it  may  be  as  long  as  possible ; 
and  may  have  strength  enough  not  to  be  mastered,  and 
displaced  by  the  ineqaalitim  of  the  balance  it  is  to  regu- 
late. 'I'hc  vibrations  of  the  two  parts,  vis,  the  spring  and 
the  balance,  should  be  of  the  same  length ; but  so  ad- 
justed, as  that  the  spring,  being  more  regular  in  the  length 
of  Its  vibrationf  than  the  balance,  may  occasionally  com- 
municate its  precision  to  the  latter. 

The  Imitniion  qf  Spring  or  Pockti  \foichetf  is  due  to  the 
VoL.  II. 


l^lh  century.  It  is  true,  as  weareioformed,  in  the.histoiy  of 
Charivs  the  5th,  that  a watch  was  presented  to  that  prince: 
but  this  was  probably  no  more  than  a kind  of  clock  to  be 
set  on  a table : some  resemblance  of  which  we  have  still 
remainiog  in  the  ancient  pieces  made  before  the  year  l670. 
Some  accounts  also  state,  the  hrst  watches  were  made  at 
Nuremberg  in  1500,  by  Peter  Hell,  and  were  called 
Nuremberg  eggs,  on  account  of  tbeir  oval  form.  And 
lartbcr,  that  the  same  year,  (ieorge  Purbacb,  a matbero^ 
lician  of  Viemm,  employed  a watch  that  pointed  to  so* 
conds,  for  astronomical  observations,  which  was  probably 
a kind  of  clock-  In  effect,  it  is  between  Hooke  and  Huy- 
gens that  the  glory  of  this  excellent  invention  lies : but  to 
which  of  them  it  properly  belongs,  has  been  greatly  dis- 
puted; the  English  -ascribing  it  to  the  former,  and  the 
French,  Dutch,  die,  t>the  latter.  Dcrham,  in  his  Arti- 
ficial ClockmaktT,  says  positively,  that  Dr.  Hooke  was 
the  inventor;  and  adds,  that  he  contrived  various  means 
of  regulation  : unu  was  with  a loadsboua:.  another 
with  u tender  straight  spring,  one  end  of  wbidl  played 
backward  and  forward  with  the  balance;  to  that  the 
balance  was  to  the  spring  as  the  ball  of  a pendotum, 
and  the  spring  as  ibe  rod  of  the  same:  a third  me- 
thod was  with  (WO  balances,  of  which  there  were  diven 
kinds  ; some  havinga  spiral  spring  to  the  balance  for  a re- 
gulator, and  otbrn  without.  But  the  way  that  prevailed, 
and  which  still  continues  in  mode,  was  with  one  balance, 
and  one  spring  running  round  the  upper  part  of  the  verge 
of  it:  though  this  has  a disadvaotaget  which  thoso  with 
two  sprites,  dec  were  free  from;  in  that,  a Hidden  jerk,  or 
confused  shake,  will  alter  its  vibrations,  and  disturb  it  very* 
much. 

The  time  of  these  inventions  was  about  the  year  1656; 
as  appean,  among  other  evidences,  from  an  inscaption  on 
one  of  the  double-balance  watches  presented  to  king 
Charles  tho  second,  vis,  Rob.  Hooke  inven.  1659.  T.  Tom- 
pion  fecit,  1075.  The  invention  soon  came  into  repute 
both  at  home  and  abroad  ; and  two  of  die  machines  were 
sent  for  by  the  dauphin  of  France.  Soon  after  this,  M- 
Huygens’s  watch  with  a spiral  spring  got. abroad,  and  ex- 
cited uncommon  interest  in  England,  as  if  the  longitude 
could  be-fouod  by  it.  It  is  certain  however,  that  this  in- 
vention was  latrr  than  the  year  l6?3,  when  his  book  De 
Horol.  Osciilat.  was  published  ; in  whieb  there  is  no  men- 
tion of  this,  though  bespeaks  of  several  other  contrivances 
in  the  same  way. 

One  of  these  (be  lord  Bmunker  sent  for  from  France, 
where  M.  Huygens  obtained  a patent  for  them.  Tbb 
waich  agreed  with  Dr.  Hooke's,  in  the  application  of  the 
spring  to  the  balance ; only  that  of  Huygens  had  a longer 
spiral  spring,  and  its  pulses  and  beats  were  much  slower  ; 
also  the  balance,  instead  of  turning  .quite  round  at  Dr. 
Hooke's  did,  turnetl  several  times  every  vibration.  Huy- 
gens also  invented  divers  other  kinds  of  watches,  some  of 
them  without  any  siring  or  chain  at  all,  which  be  called 
pendulum  watches. 

Mr.  Derham  suggests  that  he  suspects  Huygens's  fancy 
was  6rsl  set  to  work  by  some  intelligence  be  might  have  of 
Hooke's  invention  from  Mr.  Oldenburg,  or  some  other  of  v 
his  correspondents  in  England : though  Mr.  Oldenburg 
vindicates  himself  against  that  charge, in  (he  Philos.  Trans. 

Nos.  1 18  and  1 29. 

Watches,  since  theft  first  invention,  have  gone  on  in  a 
continued  course  of  iroprovcincot,  and  they  have  lately 
been  brought  to  great  perfection,  both  in  England  and  in 
4 F 
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Franco,  but  more  especially  the  former,  particularly  owing 
to  the  great  encouragement  that  has  been  given  to  them 
by  the  board  of  longitude.  Some  of  the  chief  writers  and 
improvers  of  watches,  arc,  Lc  Roy,  Cummins,  Harrison, 
Mudge,  Emery,  and  Arnold.  See  Derham’s  Artihcial 
Clockmakcr;  Cummins’s  Principles  of  Clock  and  Wa.tch 
work;  Mud^’s  Thoughts  on  the  Means  of  improving 
Watches,  Ac. 

Stiiking  Watches,  are  such  as,  besides  the  proper 
watch  part,  for  measuring  lime,  have  a clock  port,  for 
striking  the  hours,  Ac.  These  arc  real  clocks;  only 
moved  by  a spring  instead  of  a weight ; and  arc  properly 
Called  pocket-clocks. 

Repeating  Watches,  are  such  as,  by  pulling  a string, 
Ac,  repeat  the  hour,  quarter,  or  minute,  at  any  time  of 
the  day  or  night.—This  rcpetitiolb  was  the  invention  of 
Mr.  Barlow,  being  first  put  in  practice  by  him  in  larger 
movements  or  clocks,  at^ul  the  year  l6/b.  The  contri- 
vance immediately  set  the  other  artists  to  work,  who  soon 
devised  many  ways  of  cficcting  the  same.  But  its  appli- 
cation to  pt>cket-watches  was  out  known  before  king  3ames 
the  secotjd’s  reign;  when  the  ingenious  inventor  above 
mentioned  was  soliciting  a patent  for  it.  The  talk  of  a 
patent  engaged  Mr.  Quare  to  resume  the  thoughts  of  a 
like  contrivance,  which  he  had  in  view  some  years  bef*ore : 
he  nowcficclcdit;  and  being  pressed  to  endeavour  to  pre- 
vent Mr.  Barlow’s  patent,  a watch  of  each  kind  was  pro- 
ducid  before  the  kir^  and  council ; on  trial  of  which,  the 
pirfcrcivcc  was  given  Mr.  Quare ’s.  The  dirtcrencc  be- 
tween them  was,  that  Barlow's  was  made  to  repeat  by 
• pushing  in  two  pieces  on  each  side  the  watch-box  ; one  of 
which  repeated  the  hour,  and  the  other  the  quarter: 
whereas  Quare's  was  made  to  repent  by  a pin  that  stuck 
out  near  the  pendant,  which  being  thrust  in  (as  is  now 
done  by  forcing  in  the  pendant  itsclt)  repeated  lK>lh  the 
hour  and  quarter  with  the  same  thrust. 

the  Mechaniwi  0/  a Watch'. 

m 

Watches,  ns  well  ns  clocks,  arc  composed  of  wheels  und 
pinions,  with  a regulator  to  direct  the  quickness  or  slow- 
ue&s  the  wheels,  and  of  a spring  which  communicates 
motion  to  the  whole  machine.  But  the  regulator  and 
spring  of  a watch  arc  vastly  inferior  to  the  weight  and 
pendulum  of  u clock,  neither  of  which  can  be  employed 
in  watches.  Instead  of  a peuduluni,  therefore,  they  are 
obliged  to  use  a balance  (pi.  40,  fig  4}  to  direct  tlie  mi>> 
tionofa  watch  ; and  of  a spring  (fig.  6),  which  serves,  in- 
stead of  a weight,  to  give  motion  to  the  wheels  and  ba- 
lance. 

The  wheels  of  a v^atch.likc  those  of  a dock,  arc  placed 
in  a frame,  formed  of  two  plates  and  four  pillars.  Fig.^ 
represents  the  inside  of  a watch,  after  the  plate  (fig.  5)  is 
taken  ofl*.  a is  the  barrel  which  contains  the  spring  (fig. 
b) ; the  chain  isrolU'd  about  the  barrel,  with  one  end  of  it 
fixed  to  ibc  barrel  a,  and  the  other t<»  the  fusee  n. 

When  a w.itch  is  wound  up,  the  chain  which  was  upon 
the  barrel  winds  about  the  fusee,  and  by  this  means  (he 
spring  is  stntched ; for  the  interior  end  of  the  spring  is 
fixed  by  a spring  to  the  iniiiiovcabiti  axis,  ubouL  which  the 
barrel  revolves;  the  exterior  eud  of  the  spring  is  a^so 
fixed  to  the  inside  of  the  barrel,  which  turns  upon  an  axis. 
It  is  there  easy  to  perceive  how  the  spring  extends  itself, 
and  how  its  elasticity  forces  the  baurd  to  turn  round,  and 
consequently  causis  the  chain  which  is  upon  the  fusee  to 
unfold  and  turn  the  fusee  ; the  motion  of  the  fusee  U com* 


muuicated  to  the  wheel  ct ; then  by  means  of  tbr  teeth, 
to  the  pinion  c,  which  carries  the  wlnel  D ; (hen  to  the 
pinion  d,  which  carries  the  wheel  e ; then  to  the  piniun  e, 
wbioh  carries  tbc  wheel  r ; then  to  the  pinion  /,  upon 
which  is  the  balance-whetd  c,  whose  pivot  runs  in  the 
piece  A,  called  ihe  poiance,  and  b called  a tollower,  which 
arc  fixed  on  the  plate  fig.  5.  This  plate,  of  which  only  a 
part  IS  represented,  is  applied  to  tliat  of  fig.  3,  in  such  a 
maniur,  that  the  pivots  ol  the  wheels  enter  mtu  holes  made 
in  tbc  plate  fig.  3.  'I'lius  the  impn-ssed  force  of  tbc  spring 

communicated  to  lire  wheels:  and  tbc  pinion y'  being 
then  connected  to  the  wheel  r,  obliges  it  to  turn  (fig.  7). 
This  wheel  acts  on  the  pailals  of  (he  verge  H 2.  (fig.  4) 
the  axis  nf  which  carries  (he  balance  hh  (fig.  4).  The 
pivot  I,  in  the  end  of  the  verge,  <-niers  into  tiic  holecin  the 
potance  a (fig.  5).  In  this  figure  the  pailals  are  repre- 
sented ; but  the  balance  is  nn  the  other  side  of  the  plate, 
as  may  be  seen  in  fig.  11.  The  pivot  3 of  the  balance  en- 
ters into  a bole  of  the  cock  bc  (fig.  iO),  us  represented  in 
fig.  12.  Thus  the  balance  turns  between  the  cock  and 
the  potance  e (fig.  3),  as  in  a kind  of  cage.  Tbc  action  of 
the  baUnce-w:hei  l upon  the  pallats  1, 2,  (tig.  4)  is  the  same 
with  (hat  of  the  same  wheel  111  (be  clock;  i.  c.  inawatch 
(be  balaiice-whetd  ciiiises  the  balance  to  vibrate  backwards 
and  forwards  like  a pendulum. 

At  cacb  vibration  of  the  balance  a pallut  allows  a tooth 
of  the  bulancc-wix-e)  to  esca|ie;  so  that  the  quickness  of 
the  motion  of  the  whiels  is  entirely  determined  by  the  ce- 
lerity oflhc  vibrations  of  the  balance,  and  these  vibrations 
of  the  Ual^fiiCi-  and  motion  of  the  wheels  are  produced  by 
the  action  of  the  spring.  * 

Hut  the  quickness  or  slowness  of  the  vibrations  of  the 
balance  depends  not  solely  on  the  action  of  the  great 
spring,  but  chiefiy  on  the  action  of  the  spring  a3r,  called 
the  spinil  spring  (fig  IS)  situated  under  the  balance  H, 
and  rcpniienied  in  (tig.  U) ; the  exterior  end  of  the  spiral 
is  fixed  to  the  pin  a (tig.  13).  'I'his  pin  is  applied  near  the 
plate  in  a (fig.  II) ; the  interior  end  of  the  spiral  is  fixed 
by  a peg  to  the  centre  of  the  balance.  Hence  if  the  ba- 
lance be  turned  upon  itself,  the  plates  remaining  immove- 
able, the  spring  will  extend  itself,  and  make  the  balance 
perform  one  revolution.  ' Nmv,  after  the  spiral  is  thus  ex- 
tended, if  the  balance  bc  left  to  itself,  llic  elasticity  of  the 
spiral  will  bring  back  (he  balance,  and  in  this  manner  the 
aileniate  vibrations  of  the  balance  are  produced. 

In  fig.  7 all  (he  wheels  above  described  arc  represented 
in  such  a manner,  that  we  may  easily  perceive  at  first  sight 
how  (he  motion  is  communicated  from  the  barrel  to  the 
balance. 

In  fig.  S are  represented  the  wheels  under  the  dial-plate, 
by  which  the  hands  are  moved.  'I  he  pinion  a is  made  to 
fit  tight  on  the  prolonged  pivot  of  the  wheel  d (fig.  7),  and 
is  called  a cannon  pinion.  This  wheel  revolves  in  an  hour. 
The  end  of  (he  axis  of  the  pinion  a,  upon  w hich  the  mi- 
nute hand  is  fixed,  is  square;  the  pinion  (fig.  h)  is  indent- 
ed into  (lie  w heel  which  is  carried  by  the  pinion  «. 
Fig.  9 is  a w heel  fixed  on  a barrel,  into  (be  cavity  of  which 
the  pillion  a enters,  und  on  which  it  turns  freely.  This 
wheel  revolves  iu  12  hours,  and  carries  along  with  it  (he 
hour-hand. 

W.VrKU,  in  Physiology,  a clear,  insipid,  and  colourless 
fluid,  cuagulable  into  a transparent  solid  substance,  called 
ice,  when  placed  in  a temperature  of  32^  of  Fabrenheil's 
thermometer,  or  lower,  buf  volatile  and  lluid  in  every  de- 
gree of  heat  above  that;  and  wlien  pure,  or  freed  from 
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^et«rAj{enrous  particles  is  reckoned  one  of  tbe  four  elc<* 
in^>. 

^ sumo  late  expcHmcnls  of  Messrs.  Lavoisier*  Walt* 
Cavendish,  l^icstivy,  Kirvrau,  ^c,  it  appears,  that  water 
consists  of  dcphlogisiicated  air,  and  inflammable  air  or 
phlogiston  intimately  unilcd;  or*  as  Mr.  Watt  conceives, 
of  those  two  principles  deprived  of  part  of  their  latent 
heat.  And  in  some  instances  it  appears  that  air  and  wa- 
ter arc  mutually  convertible  into  each  other.  Thus,  Mr. 
Cavendish  (Philos.  Trans,  vol.  pa.  128)  recites  several 
cx|)criroenis*  in  which  he  changed  common  air  into  pure 
water,  by  decomposing  it  in  conjunctiun  with  inflamma- 
ble air.  Dr.  Priestley  likewise,  having  decomposed  de> 
pblogisticatcd  and  inflammable  air,  by  bring  4hem  toge- 
ther by  the  electric  explosion,  found  a manitest  docompo- 
tition  of  water,  which,  as  Dearly  as  ho  could  judge,  was 
equal  in  weight  to  that  of  the  decompos'd  air.  He  also 
made  a number  of  other  curiousexperiments,  which  seemed 
to  favour  the  idea  of  a conversion  of  water  into  air,  with- 
out absolutely  proving  it.  l*hc  difficulty  which  M.  Deluc 
ond  others  have  found  in  expelling  all  air  Irom  water,  it 
best  accounted  for  on  the  supposition  of  the  generation  of 
air  from  water;  and,  admitting  that  the  comenion  of  wa- 
ter into  air  is  etfected  by  the  intimate  union  of  what  is 
called  the  principle  of  heat  with  tbe  water,  it  appears  suf- 
ficiently analogous  to  other  changes,  or  rather  combina- 
tions, of  substaners.  Is  iiot^  says  Dr.  Priestley,  the  acid 
of  nitre,  and  also  that  of  vitriol,  a thing  as  unlike  to  air 
os  water  is,  their  properties  being  as  remarkably  diAervnt  / 
And  yet  it  is  demonstrable  that  the  acid  of  nitre  is  con- 
vertible into  the  purest  respirable  air,  and  probably  by  ihe 
ubion  of  the  same  principle  of  beat.  Philos*  Trans,  vol. 
73,  pa.  4U  Ac.  ' 

indeed  there  seems  to  be  water  in  all  bodies,  and  parti- 
cles of  almost  all  kinds  of  matter  in  water ; so  that  it  is 
hardly  over  sufficiently  pure  to  be  considered  as  an  ele- 
ment. Water,  if  it  could  be  had  alone  and  pure,  Hocr- 
baavc  argues,  would  have  all  the  requisites  of  an  element; 
and  be  as  simple  as  fire ; but  there  is  no  expedient  hitherto 
discovered  for  procuring  it  so  pure.  lUin  water,  which 
seems  the  purest  of  all  those  we  know  of,  is  replete  with 
infinite  exhalations  of  all  kinds,  which  it  imbiU's  from  the 
air:  so  tfaatf  if  filtered  and  distilled  a thousand  ^imes, 
there  still  remain  faeces.  Besides  this,  and  the  numberless 
impurities  it  acquires  after  it  is  raisi'd,  by  mixing  with  all 
sorts  of  effluvia  in  the  atmosphere,  and  by  falling  upon  and 
running  over  the  earth,  bouses,  and  other  places.  There 
is  also  fire  contained  in  all  water ; as  appears  from  its 
fluidity,  which  is  owing  to  fire  alone.  Kor  can  any  kinds 
of  filtering  through  sand,  stone,  Ac,  free  it  entirely  from 
salts  Ac.  Nor  have  all  the  experimenis  that  have  been 
invt'nteti  by  the  philosophers,  ever  been  able  lo  derive  wa- 
ter pcrlectly  pure.  Hence  Boerbaave  says,  tliat  he  is  con- 
vinced no  person  ever  saw  a drop  of  pure  water ; tjiat  the 
utmost  of  its  purity  known,  only  amounts  toils  being  free 
from  this  or  that  kind  of  matter;  and  that  it  can  never, 
for  instance,  be  quite  deprived  of  salt ; since  air  will  al- 
ways accompany  water,  and  uir  always  contains  salt,  v 

Water  seems  lo  be  difluss'd  everywhere,  and  to  be  pre- 
sent in  all  space  wherever  there  is  matler.  There  are 
hardly  any  bodi(*s  in  nature  but  what  wdl  yield  water: 
it  is  even  asserted  that  lire  itself  is  not  without  it.  A 
•ingle  grain  of  the  fiery  salt,  which  in  a momdnt’s  time 
will  penetrate  through  a man’s  hand,  readily  imbibes  half 
its  weight  of  water,  and  melts  even  in  tbe  driest  air  pos- 


sible. Among  innumerable  instances,  barlshotn,  kq)t  40 
years,  and  turned  as  hard  and  dry  as  any  metal,  so  that 
it  will  yield  sparks  of  fire  when  struck  against  a flint,  yet 
bdng  put  into  a glass  vessel,  and  distilled,  will  aflford  kth 
part  of  its  quantity  uf  water.  Bones  dead  and  dried  26 
years,  ami  thus  become  almost  ip  hard  as  iron,  yet  by  dis- 
tillation have  yielded  half  their  weight  of  water.  And 
the  hardest  stotves,  ground  and  divlilled,  always  discover 
A portion  of  it.  But  hitherto  no  experiment  shows,  that 
water  enters  as  a principle  into  the  combination  of  me- 
tallic matters,  or  even  into  ilutt  of  vkmciblc  sloturs. 

From  such  cunatderalionv,  phtlo^ophers  have  been  led 
lo  hold  tiio  opinion,  that  all  tltin^i»  wore  made  of  water. 
Basil  V’aK'oiioe,  Furaoehus,  Van  lUlnu-nt,  and  others 
have  mamluim.-d,  that  water  is  the  eK  nu-Dlal  matter  or 
stamen  of  all  things,  and  suffices  ulone  for  the  produc- 
tion of  all  the  viMbh*  creation.  1‘huslno  Newton  : All 

birds,  iH'a^ts,  uod  tithes,  ituvects,  trees,  and  vegetables, 
with  tbeir  several  perlv  d«  out  of  water,  and 

watery  tinctures,  and  sails;  and  by  putrefaction  they  all 
return  again  to  watery  substances.”  And  the  same  doc- 
trine is  held,  and  oimfirraed  by  experiments,  by  Van  Hel- 
monr,  Boyle,  and  others.  ^ 

But  Dr.  Woodward  endeavours  to  shpw  that  tbe  whole 
is  a mistake.— Water  containing  extraneous  corpuscles, 
some  of  wbicii,  according  to  him,  are  the  proper  roatici 
of  nutrition  ; the  water  being  still  found  to  afford  so  much 
the  less  nourishment,  the  more  it  is  purified  by  distill*- 
liun.  So  that  water,  as  such,  does  nut  seem  to  bo  the 
proper  nutriment  of  vegetables;  but  only  the  vehicle 
which  contains  the  nutritious  particles,  and  carries  them 
along  with  it,  through  all  the  parts  of  the  plant. 

Hclmoni  however  carries  bis  system  still  farther,  and 
imagines  that  all  bodies  may  be  reconverted  into  water. 
His  alkahest,  he  afflrnft,  adequately  resolvca  plants,  ani- 
mals, and  minerals,  into  one  liquor,  or  more,  according 
to  their  several  internal  diflrrcnces  of  parts  ; and  the  al- 
kahest, being  abstracted  again  from  these  liquors  in  tbe 
same  weight,  and  with  the  same  virtaes,  as  when  it  dis- 
solved them,  the  liquors  may,  by  frequent  cohnbations 
from  chalk,  or  snmO  other  proper  matter,  be  totally  de- 
prived of  their  seminal  endowaicnls,  and  at  last  return  lo 
tbeir  first  rngUer ; which  is  insipid  water.  ^ 

Spirit  of  wirte,  of  all  other  spirits,  seems  freest  from 
water:  yet  Helmont  affirms,  it  may  be  so  united  with 
water,  as  to  become  water  itself.  He  adds,  that  it  is  ma- 
terial water,  only  under  a sulphureous  disguise.  And  the 
same  thing  he  observoa  uf  nil  salts,  and  of  oils,  which 
may  be  almost  whollj^hanged  into  water. 

So  standard  /or  the  fVeight  and  Parity  of  Watxb.— 
Water  hardly  ever  cootioues  two  momenls  exactly  of  the 
same  weight ; by  n^ason  of  the  air  and  fire  contained  in 
it.  The  expansion  of  water  in  boiling  shows  what  effect 
the  different  degrees  of  fire  have  on  the  gravity  of  water. 
This  makes  it  difficult  to  fix  the  specific  gravity  of  water, 
in  order  to  settle  iu  degree  of  purity..  However,  the 
purest  water  we  can  obtain,  according  to  the  experiments 
of  Hawskbee,  is  860  limes  heavier  than  atmospheric  air: 
or  according  to  the  experiments  of  Mr.  Cavendish,  the 
thermometer  being  at  60^  and  the  barometer  at  29i,  about  | 
800  times  as  heavy  us  air:  and  according  to  tbe  experi- 
ments of  sir  Geo.  bhuckburgh,  when  the  barometer  is  at 
2^*27  and  the  thermometer  at  63^  water  is  836  liraei 
heavier  than  air;  whence  also  may  be  deduced  this  gene- 
ral proportion,  which  may  be  accounted  a standard , via, 
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tbst,  Ivhen  the  btrometer  » at  50^  and  the  tbermomater  globe  of  ^4d ; when  the  waur  being,  as  they  say,  ince- 
at  then  water  is  S90  times  heavier  than  air;  also  pable  ot  coudensation,  rniiier  than  yield,  transuded 
that  in  sueb  a state  the  cubic  foot  of  water  weighs  1000  through  the  pores  uf.  the  inrul,  so  that  the  ball  was 
ounces  avoirdupois,  and  that  of  air  l*22i,  or  itcariy,  found  wet  all  over  the  outside  ; lil)  at  length  ttiaking  a 
also  that  of  mercury  13600  ounces;  and  for  otlMr  states  cleft  in  the  gold,  it  squirted  out  with  great  vehemence, 
of  the  thermometer  and  barometer/  the  allowance  is  after  But  the  truth  of  the  conduMons  drawn  iroin  this  Floren* 
this  rale,  viz.  that  the  column  of  mercury  in  the  barometer  tine  experiment  has  been  very  justly  qucstiunnl ; Mr. 
varies  its  length  by  the  10  thousandth  part  of  itself  for  a Canton  having  proved  by  accurate  experiments,  (hat  water 
chonge  of  each  single  degree  of  temperature,  and  water  Is  actually  cuinpmsed  even  by  the  wciglit  of  the  utmo> 
changes  by  part  of  its  height  or  magnitude  by  sphere.  See  Ct>Aii>aESMiOM. 

each  degree  of  the  same.  However,  we  have  not  any  very  Besides,  the  diminution  of  size  which  water  suffers 
exact  standard  in  air ; for  water  being  so  much  heavier  when  it  passes  to  a less  ilegrt-e  of  heat,  sufTiciemly  shows 
than  air,  tbe  mbre  water  there  is  contained  in  the  air,  the  that  the  particles  uf  this  fluid  arc,  like  itiose  ul  all  other 
heavier  of  course  must  the  uir  be;  as  indead  acoDsidem-  known  subgtanccs,  capable  of  approaching  nearer  toge^ 
ble  part  of  tbe  weight  of  the  atmosphere  seems  to  anse  ther. 

from  the  water  that  is  contained  in  it.  DUcA  Water,  is  often  usod  as  an  object  for  the  micro* 

Pr&pertieB  and  Effects  of  Watbr. — Water  is  a very  vo-  scrope,  and  seldom  fails  to  afford  a great'  variety  of  ani* 
Utile  body.  It  is  entirely  reduced  into  vapours  and  dis-  malcules;  often  appearing  of  a greenish,  reddiili,  or  yel* 
sipated,  when  exposed  to  the  action  of  fire  and  uncon*  lowisb  colour,  from  the  great  multitudes  of  them.  And 
fined.  to  tbe  same  cause  is  to  be  ascribed  the  green  skim  on  the 

Water  heated  in  an  open  vessel,  acquires  no  more  than  surface  of  such  water.  Dunghill  water  is  also  full  of  an 
A certain  determinate  degree  of  heut,  whatever  be  the  in>  immense  crowd  of  animalcules. 

tensity  of  tbe  fire  to  which  it  is  exposed  ; which  greatest  Fresh  Waver,  is  said  of  that  which  is  insipid,  or  with* 
degree  of  heat  is  when  it  boils  violently.  out  salt,  and  inodorous;  being  the  natural  and  purv  state 

It  has  been  found  that  tbe  degree  of  heat  necessary  to  of  the  rh-nu  ni. 

make  water  boil,  is  variable,  Httrd  Water,  or  Cmt/c  Water,  is  that  in  which  soap 

according  to  the  purity  of  the  Height  ui  tbrlHm  ut  Muituig  does  not  dissolvi*  completely  ur  uniformly,  but  is  curdled. 

water  and  the  weight  of  the  B»roawifr.  | The  dissolving  power  «d  hard  water  is  le»s  than  that 

atmosphere.  'Fhe  annexed  ta>  Iik-Im^.  soft ; and  hence  its  unfitness  for  washing,  blea;:hing,  dye* 

bic  shows  the  degree  of  beat  ing,  bailing  kitchen  vegetables,  Ctc.  The  hardness  of 

at  which  water  boils,  at  vari*  water  may  arise  cither  troni  salts,  or  from  gas.  Tliai 

ous  heights  of  the  barometer,  206'9  which  ari>i's  from  saln>,  may  be  discovered  nml  rcmi'diM 

being  a medium  between  those  207*7  by  adding  some  drops  of  a solution  of  fixed  alkali;  but 

resulting  from  the  expt'nmcnU  20S*5  the  latter  by  boiling,  or  exposure  to  tbe  open  air.— Spring 

of  sir  Geo.  Shuckburgh  and  M.  * 28|  209*4  waters  are  often  herd  ; but  river  water  soft.  Hard  waters 

Deloc.  29  210*3.  are  remarkably  indisposed  to  corrupt;  tiny  even  pre- 

Water  is  found  tbe  most  pe-  291  211*2  serve  putrcscibir  suintances  for  m considerable  length  of 

nclrativc  of  all  bodies,  after  2120  time:  hence  they  seem  to  be  best  fitted  f»r  kteping  at  sea, 

fire,  and  the  most  diflicult  to  | 212*8  especially  as  tltey  are  »o  easily  softened  by  a Little  alkaline 

confine;  passing  through  lea*  31  213*6  salt. 

ther,  bladders,  Ac,  which  will  ^ Water,  is  that  which  has  acquired  an  oflvnsive 

confine  air;  making  its  way  gradually  through  woods;  smell  and  taste  by  the  putrescence  of  animal  or  vegeta* 
and  is  only  retainable  in  glass  and  metals;  nay  it  was  deter-  ble  substances  contained  in  it.  ThU  kind  of  water  is  in 
mined  by  experiment  at  Florence,  that  when  shut  up  in  tbe  highest  degree  pernicious  to  the  human  constitution, 
a spherical  vessel  of  gold,  which  was  pressed  with  n great  and  capable  of  bringing  on  mortal  diseases  even  by  its 
force,  it  made  its  way  through  the  pores  even  of  the  gold  smell.  Quicklime  put  into  water  is  ureful  to  preserve  it 
itself.  longer  sweet;  or  even  exposure  to  the  air  in  broad  shat* 

Water,  by  this  pi'netrativo  qua^y  alone,  may  be  in*  low  vessels.  And  putrid  water  roay  be  in  a great  mea- 
ferred  to  enter  the  composition  of  all  bodies,  both  vege*  sure  sweclancd,  by  passing  a edrrent  of  fresb  air  through 
table,  animal,  fosMi,  and  even  roincral ; with  this  particu-  it, -'from  bottom  to  top. 

lar  circumstance,  tbit  it  is  easily,  and  with  a gentle  heat,  Rain  Water  may  be  considered  as  tbe  purest  distilled 
separable  again  from  bodies  it  had  united  with.  water,  but  impregnated  during  its  passage  through  the 

And  yet  the  same  water,  as  little  cohesive  as  it  is,  and  air  with  a considerable  quantity  of  pulre»cent  matter  ; 
as  easily  separated  from  most  bodies,  will  cohere  firmly  whence  it  is  superior  to  any  other  in  fertilising  the  earth, 
with  some  others,  and  bind  them  together  in  tbe  most  solid  Hence  also  it  is  inferior  for  domestic  purp«»>es  to  spring 
masses;  as  in  the  tempering  of  earth,  or  ashes,  clay,  or  or  river  water,  even  if  it  could  be  n*odily  procured: 
powdered  bones,  Ac,  with  ^ater,  and  then  dried  and  burnt,  but  such  asis  obtained  from  spouts  placed  bt’low  the  roofs 
when  the  masses  become  hard  as  stones,  though  without  of  bouses,  the  common  way  of  procuring  it  in  this  coun* 
the  water  they  would  be  mere  dust  or  powder.  Indeed  try,  is  evidently  very  impure,  and  becomes  putrid  in  a 
O it  appears  wonderful  that  water,  which  is  otherwise  an  short  time. 

almost  universal  dissolvent, should  nevertheless  be  a great  River  or  Rimnifig  Watch,  is  next  in  purity  to  snow  or 
coagulator.  distilled  water;  and  for  domestic  purposes  superior  to 

Some  have  imagined  that  water  is  incompressible,  and  both,  in  having  less  putrescent  mailer,  and  more  fixed 
therefore  non*elastic;  founding  their  opinkm  on  the  cele-,  air.  Thai  however  is  much  the  purest  that  runs  over  a 
btated  Florentine  expariment  above  mantioned,  with  the  clean  rocky  of  stony  bottom.  River  waters  generally 
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putrefy  MM)ncr  tbtn  those  of  sprinp.  During  the  putre- 
faction, they  throw  otT  a part  of  their  heterogeneous  mat- 
ter, and  at  length  become  sweet  n^ain,  and  purer  than  at 
first;  aftt-r  which  they  commonly  preserve  n long  time : 
this  is  retnarkably  the  cose  with  the  Thames  water,  taken 
up  about  iiiindon  ; which  U commonly  used  hy  seamen, 
in  their  voyages. 

Sail  Water,  such  as  has  much  salt  in  it,  »o  as  to  be 
sensihlt  t>»  the  taste. 

.S<a  Water,  or  Water  of  the  sea,  is  an  assemblage  of 
bodies,  in  which  water  can  scarcely  be  said  to  have  the 
principal  part : it  is  an  universal  colluvics  of  all  the  bo- 
dies in  nature,  sustained  and  kept  doating  in  water  as  a 
vehicle:  bt'ing  a solution  of  coinimm  salt, sal  caiharticus 
emarus,  a selenitic  substance,  and  a compound  of  mu- 
riatic acid  with  magnesia,  mix<‘d  together  in  various  pro- 
portions. It  may  1^  freshene<i  by  simple  distillation  with- 
out any  addition,  and  thus  it  has  sometimes  been  useful 
in  lung  voyages  at  sea.  Sea  water  by  itself  has  a pur- 
gative quality,  owing  lo  the  salt  it  contains ; and  has  been 
greatly  recommend^  in  scrophulous  disunh  rs.  Sm 
water  is  almul  3 parts  in  l6o  heavier  than  common 
water  ; and  its  temperature  at  great  depths  is  from  3^  to 
40  degrees;  but  near  the  surface  it  follows  Vnore  nearly 
the  temperatures  ot  the  air. 

Snow  Water,  is  the  purest  of  all  the  common  waters, 
when  the  snow  hu»  been  coih  eted  pure.  Kept  in  a warm 
place,  in  clean  glass  vessels,  not  closely  stopped,  but 
covered  from  dust,  &c,  snow  water  become#  in  time  pu- 
trid ; though  in  well-slopp<'d  bottles  it  remains  uiialteri*d 
for  several  years.  Hut  distilled  water  supers  no  ahera- 
lion  in  cither  circumstance. 

Spring  Watei  is  comnumty  impregnated  with  a small 
portion  of  imiicrfect  neutral  salt,  cMracU'il  irom  the  dif- 
ferent strata  through  which  it  percolates.  Soint-  contain 
R vast  quantity  of  stohy  matter,  which  they  deposit  as 
they  run  dong,  and  thus  form  masses  of  stone;  sometimes 
incrustating  various  animal  and  vegetable  matters,  which 
they  an*  thereh^re  said  to  petrify.  Spring  water  is  much 
used  for  domestic  purpo>u*s,  and  on  account  of  its  cool- 
ness is  an  agreeable  drink ; but  on  account  of  its  being 
usually  somewhat  hard,  is  inferior  to  that  which  has  run 
for  a considerable  way  in  a channel.  Spring  water  arises 
from  the  rain,  and  from  the  mists  and  moisture  in  the  at- 
mosphere. 'Phese  falling  upon  hilU  and  other  parts  of 
the  earth,  wak  into  (he  ground,  and  pass  along  till  they 
find  a vent  nut  again,  in  the  form  of  a spring. 

WAT£H*firffoc‘r,  in  Mechanics,  are  bellows,  for  blow- 
ing air  into  furnaces,  that  are  worked  by  the  focce  of 
water;  or  air  blown  in  by  the  fall  of  water. 

WATER-Oocir.  Sec  Clepsydra. 

WATER-£ag»ise,  an  engine  for  extinguishing  fires;  or 
any  engine  to  raise  water;  or  any  engine  moved  by  the 
force  of  water.  See  Engine,  and  STEAM-£iij^'ne. 

WATER-froge,  an  instrument  for  meacuriug  the  depth 
or  quantity  of  any  water.  See  Gage. 

WATER-f»flpef,  is  the  true  levd  which  the  surface  of  still 
water  lakes,  and  is  tbe  must  correct  of  any. 

W ATtH-ly}gi(tdt  in  Sea-Langnaga,  denotes  the  state  of 
a ship  when,  by  receiving  a gwut  quantity  of  water  into 
her  hold,  by  leaking,  dre,  she  has  U-come  hi^vy  and  in- 
active upon  the  sea,  so  os  (o  yield  without  resistance  to 
the  efibrl  of  every  wave  rushing  over  her  deck. 

WATaR-.WdcAinc.  See  Machine. 

WATER-ilfcaicirr.  -Salt,  K'a-coal,  &c,  while  on  board 


vessels  in  the  pool,  or  river,  arc  mensured  with  the  corn- 
liukhe)  heaped  up;  or  else  5 striked  iK'cks  arc  allowed  to 
the  bushel.  This  is  callAl  water- measure;  and  it  exceeds 
Winchester  measure  by  about  3 gallons  in  the  bushel. 

\\ ATum-iVicroicope.  See  Micuoscopc. 

Water-A/iW.  S.*e  Mill. 

Alotion  qf*  Water,  in  Hydraulics.  The  theory  of  the 
motion  of  running  water  i»  one  of  the  principal  objects  of 
b^Nlraulics,  and  to  which  many  eminent  mathematicians 
have  paid  their  uiieiilion.  Hut  it'  were  to  be  wished  that 
tlieir  tbeorits  were  more  consistent  with  each  other,  and 
with  cxpenence.  The  inquisitive  reader  may  consult 
Newton’s >Principia,  Itb.JS,  pr.  36',  with  the  comment. 
Dan,  Berisoullis  Hydrodyaamica.  J.  Bernuulli,  Hy- 
draulica,  0|»r.  tom.  4,  pa.  38j?.  Dr.  Jurin,  in  the  Philos. 
Trans,  No.  458.  GraveMiidef  Physic,  tlem.  Matbcm. 
lib.  3,  par.  2.  Maclaurin's  Flu».  art.  537.  Poleni  de 
C.uteliis,  Ximenes,  D'Alembert,  Hossu,  Uuat,  and  many 
others. 

Hut  notwithstanding  the  labours  of  all  these  eminent 
authors,  this  intricate  subject  still  remains  in  a great 
measure  obscure  aiwl  uncertain.  Even  the  simple  case  of 
the  motion  of  running  water,  when  it  issui's  from  a hole 
in  the  bottom  of  a vessel,  has  never  yet  been  determined, 
^ as  tugive  universal  satisfaction  to  the  learned.  On  this 
head,  it  i-v  now  pretty  generally  alloweil,  ihul  the  velocity 
of  the  issuing  stream,  ise<|ual  to  that  which  a heavy  body 
acquires  by  falling  through  the  height  of  the  fluid  above 
the  hole,  as  may  be  demonstrated  by  theory : but  in  prac- 
tice, the  quantity  of  the  effluent  water  is  much  less  than 
wrhat  is  givx'ii  by  this  theory,  owing  to  the  obstruction  to 
the  motion  in  the  bole,  partly  from  the  sides  of  it,  and 
p.irily  from  the  dificrenl  directions  of  the  parts  of  tbe 
water  in  entering  it,  which  thence  obstruct  each  other’s 
motion.  And  this  obstruction,  and  the  diminution  iu  the 
quantity  of  water  run  out,  is  still  the  more  in  proportiork 
as  the  hole  is  the  smaller;  in  such  sort,  that  when  tho 
hole  is  Very  small,  the  quantity  is  dimimsbed  in  the  ratio 
of  ^2  to  1 very  nearly,  which  is  the  ratio  of  the  greatest 
diminution;  and  for  larger  apertures,  tbe  diminution  is 
always  less  and  less  This  fact  is  ascertaint'd,  or  admitted 
by  Newton,  and  all  the  other  philosophers  above  raen- 
liunial,  with  some  small  variations. 

That  the  vel<»city  of  tbe  water  in  the  hole,  nr  at  least 
some  part  of  it,  as  that  fur  example  in  the  middle  of  the 
stream,  is  equal  to  (hat  above-mentioned,  is  even  evinced 
by  experiment,  by  directing  the  stream  either  sideways, 
or  upwards:  f<»r  in  tbe  former  case,  it  is  found  to  range 
upon  an  horiioiital  plane,  a distance  that  just  answers  to 
that  velocity,  by  the  nature  of  projectiles;  and  in  the 
latter  case,,  the  rises  nearly  to  the  height  of  the  water 
in  the  vessel  ; which  it  could  isot  do,  if  its  velocity  were 
not  equal  to  liiat  acquired  by  the  free  drsci-nt  of  a body 
through  that  height.  Hence  it  is  evident  then,  that  the 
particles  of  the  water,  which  are>in  the  bole  at  tbe  same 
moment  of  time,  do  not  all  issue  out  with  the  sane  veto* 
, city ; and,  in  tact,  the  vclnciiy  is  found  to  decrease  all 
the  way  from  the  nviddlc  of  the  bole,  where  it  is  greatest, 
towards  the  side  or  edee,  when*  it  is  the  least. 

At  a small  distance  from  tbe  hole,  iW  diameter  of  the 
vein  of  water  is  much  less  than  that  of  ihe  aperture  itself. 
Thus,  if  the  diameter  of  the  hole  bi*  I , the  diameter  of  the 
vein  of  water  just  without  it,  will  be  ,4*  0'84,  accord* 

ing  to  Newton’s  measure,  who  hrst  observed  this  pheno- 
menon ; and  fccording  to  Polcni's  measure  0*78  neatly. 
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By  the  experimems  of  Boat  (Frincipes  d'H^draoUqur)^ 

quantity  by  theory  i$  to  that  by  experiment,  for  a 
smalt  aperture  made  in  the  tliin*si(Jc  of  a reservoir,  as  8 
to  5.  When  a sh<irt  pipe  is  udJoil  to  the  hole  outwards, 
of  the  length  of  two  or  three  times  its  diameter,  that  ratio 
is  as  ^6'  to  13.  And  when  the  short  pi]>o 
is  all  within  side  the  vessel^  as  in  the  mar> 
gin,  the  same  ratio  becomes  that  of 3 to  2. 

Foteni  also  found  that  the  quantity  of  water 
flowing  through  a pipe  or  tube,  was  much 
greater  than  that  through  a hole  of  the 
same  diameter  in  the  thin  side  or  birttum 
of  the  vessel,  the  height  of  the  head  of  water  above  each 
being  the  same.  See  also  many  other  curious  circum- 
stances in  Uuat's  I'rincipes  alx^ve-mcnltoncdi 

Some  authors  give  this  rule  for  finding  the  height  due  to 
the  velocity  in  u flat  orifice,  or  a medium  among  all  the 
parts  of  it,  such  that  this  medium  velocity  being  drawn 
into  the  area  of  the  bole,  shall  give  the  quantity  per  >etoiid 
that  rjjns  through  : vis,  let  a denote  the  area  of  the  sur- 
face of  the  water  in  the  vessel,  a the  area  of  the  orifice  by 
which  the  water  issues,  and  it  the  height  of  the  water 
above  the  orifice;  ilicn,  as  Sa  — o : a : : ii  : A,  the 
beigbt  due  to  the  medium  velocity,  or  the  height  fimn 
which  a biidy  must  frivly  descend,  by  the  force  ol  gravity, 
lo  acquire  that  mean  velocity. 

Authors  are  not  yet  agreed  as  to  the  foice  wijh  which 
a vein  of  water,  spouting  from  a round  hole  in  the  side  of 
a vessel,  pnsM^  on  a plane  directly  opposc-il  to  the  moiiun 
of  the  vein.  Most  authors  agree,  that  the  pressure  of  ihi«. 
vein,  flowing  uniformly,  ought  to  be  equ.il  to  the  weight 
of  a cylinder  of  wuier,  whose  bosc  is  equal  to  the  o.-ilicc 
through  which  the  water^ows,  ami  its  height  equal  to  the 
height  of  ilic  water  in  the  vessel  above  the  hole.  The  ex- 
|>criini  nts  made  by  Mariotlb,  and  others,  seem  to  counte- 
nance this  opinion.  But  Dan.  Bernoulli  rejects  it,  and 
estimates  this  pn-ssure  by  ihc  weight  of  a column  of  the 
fluid,  whose  diameter  is  equal  to  the  contracted  vein 
(accurdingto  Newton’s  observation  above-mentione<l),  ami 
the  height  of  which  is  equal  to  double  the  altitude  due  to 
the  rial  velocity  of  the  s|K>utiiig  water;  and  this  piissiiru 
is  aKo  equal  lo  the  force  of  repulsion,  arising  froiu  the 
reaction  of  the  spouting  water  on  the  vessel.  The  inge- 
nious author  remarks  that  he  speuks  only  of  single  veins 
of  water,  the  whole  of  which  arc  received  by  the  planes 
on  which  they  press;  for  as  to  the  prcssuri's  exerted  by 
fluids  surrounding  the  bodies  they  press  upon,  ns  the  wind, 
ora  river,  the  case  Is  different,  though  confounded  with 
the  former  by  writers  on  this  subject.  Ilydrodynamica, 
pa.  289. 

Another  rule  however  had  been  adopted  by  the  Acade- 
micians of  Paris,  who  made  a number  of  experiments  to 
confirm  or  establish  it.  liist.  Acad.  Paris,  ann.  I679, 
sect.  3,  cap.  5. 

D.  Bernoulli,  on  the  other  hand,  thinks  his  own  theory 
is  stiflicieaTly  established  by  the  experiments  he  ri-lates; 
for  the  particulars  of  w hich  sec  the  Acta  Petropolitana, 
vol.  8,  pa.  122.  This  ingenious  author  is  also  of  opinion 
that  his  iheivry  of  the  quantity  of  the  force  of  repulsion, 
exerted  by  a vein  of  spouting  water,  might  be  usefully  ap- 
plied to  move  ships  by  pumping;  and  he  thinks  the  moiiun 
produced  by  this  repulsive  force  would  fall  little,  if  at  all, 
sixtii  of  tliHt  produced  by  rowing.  He  has  given  his  rea- 
sons and  computations  at  length  in  his  Hydrodynamica, 
pa.  293  Sic. 


Tliia  science  of  th^  pressures  exerted  by  water  or  other 
fluids  in  motion,  is  what  Bernoulli  calls  Hydrauhco-s/n/ica. 
This  science  diflere  from  hydrostatics,  which  considers  only 
the  pressure. of  water  and  other  fluids  at  rest;  whereas 
hydraulico-stalics  considers  Uu’  pressure  of  water  in  mo- 
tion. Thus  the  pressure  exerted  by  water  moving  through 
pipes,  upon  the  sides  of  I hose  pipes,  i' nn  hydraulico-stalical 
consideration,  and  has  been  erroneously  determined  by 
many,  who  have  given  no  other  rules  in  these  case's,  1 ut 
such  as  are  applicable  only  to  the  pri'ssure  of  fluids  at  rest. 
See  Hydrodynam.  pa.  2hb  Arc. 

Wateu-Z^oijc.  Sec  llTORONETtR,  and  AHr.oMETF.n 

Dr.  Hooke  contrived  a waler-|H)ise,  wliich  may  be  of 
good  service  in  examining  the  purity  ^cc  of  water.  It  (.*on- 
sisis  of  u round  glass  ball,  like  a bolt  head,  ub^ut  3 inches 
diameter,  with  a narrow  stem  or  neck,  the  24ii>  of  an  inch 
in  diameter;  which  b<’ing  poised  with  red  It-ad,  so  as  to 
make  it  but  little  heavier  than  pure  sweet  water,  and  thus 
fitted  to  one  end  of  a fine  balance,  with  a counterpoise  at 
the  other  end;  on  the  feast  addition  i>f  even  the  2000th 
part  of  salt  to  a quantity  of  water,  half  an  inch  ot  the  neck 
will  emerge  above  the  water.  Philos.  Trans.  No.  197* 

Raising  o/WAyiH,  in  Hydraulics.  Hie  great  advan- 
tage of  raising  water  by  engines  for  the  various  pur]>o»e» 
of  life,  is  well  known.  Maclimcs  have  in  all  agrs  been 
Contrived  with  this  view;  a di'tail  ol  the  best  of  which, 
with  the  theory  of  their  construction,  would  be  very  cu- 
rious and  instrurlive.  M.  Beitdor  has  exccute<l  this  in 
part  in  his  Architecture  Hydniulique.  Dr.  Desaguiicrs 
has  also  given  a description  of  several  engines  to  raise  water, 
in  his  Course  of  Kx]>erim«‘ntai  Philosophy,  vol.  2;  and 
there  arc  several  other  smaller  work**  of  the  same  kind. 

Kngines  for  raising  water  are  either  such  ns  throw  it  up 
with  a great  velocity,  as  in  jets;  or  such  as  raise  it  from 
one  place  lo  another  hy  a gi  nlle  motion.  Fur  the  general 
theory  of  these  engines,  see  BernnuHi’s  Hydrodynamica. 
-^Desaguhers  has  M'tlled  the  maximum  of  engines  fur 
raising  water,  liius:  A man  with  the  best  water  engine  cun- 
iiul  rain' above  one  hogshead  of  water  in  a minute,  10  feel 
high,  tu  hold  it  all  day  ; but  he  can  do  almusl  twice  as 
much  for  a minute  or  two. 

Watrh-.S/wm/.  St'e  .Spout. 

WATEU-lFAee/,  an  engine  for  raising  water  in  great  quan- 
tity out  of  u deep  well,  &c.  See  Peusian-B'Acc/. 

Water-HotAj.  See  Ruising  of  \\ att-r, 

W.AVF.,  in  Physics,  a volume  of  water  elevated  by  the 
action  of  the  wind  Arc,  upon  its  surface,  into  a state  of 
fluctuation,  and  accompanied  by  a cavity.  The  extent 
from  the  bottom  or  lowest  point  of  one  cavity,  uqd  across 
the  elevatiim,  to  the  bottom  of  the  next  cuvily,  is  the 
breadth  of  the  wave. 

Waves  are  considered  as  of  two  kinds,  which  may  he 
dislingnisht  d from  each  other  by  the  names  of  natural  and 
accident]ii  wavt*s.  The  natural  waves  arc  tbow'  which  are 
regularly  proporlmnevl  in  size  tu  the  strength  of  the  wind 
which  produces  thi'in.  The  accidental  waves  are  those 
occasioned  by  the  wind's  leading  on  ilwlf  by  repvrcuvsioii 
fr  m hills  or  high  shore*,  and  by  the  dashing  of  the  waves 
ihetmclves,  oiherwi<»«  of  the  natural  kind,  against  rucks 
and  shoals ; by  which  wieans  these  wav<*>  acquire  an 
elevation  much  above  w hat  they  can  have  in  their  natural 
state.  . 

Boyle  proved,  by  numerous  experiments,  that  the  most 
violent  wim)  iKver  penetrates  deeper  than  6 feet  into  the 
water : and  it  seems  a natural  consequence  of  this,  that 
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thr  water  moved  by  it  can  only  be  elevated  to  the  same 
hei^t  of  6 feet  from  the  level  of  the  surface  in  a calm ; 
and  thcic  6 feet  of  elevation  being  added  to  the  6 of  cx- 
cavation,  in  the  part  from  whence  that  water  so  elevated 
WHS  raised,  should  give  12  feet  fur  the  utmost  elevation 
of  if  wave.  This  is  a calculation  that  does  great  honour 
to  its  author ; as  many  experiments  and  observations  have 
proved  that  it  is  very  nearly  true  in  deep  seas,  where  the 
waves  arc  purely  rxatural,  and  have  no  accidental  causes 
to  render  them  larger  than  their  just  proportion. 

It  is  not  to  be  understood  hon-cve'r,  that  no  wave  of  the 
sea  can  rise  more  than  6 feet  above  its  natural  level  in  open 
and  deep  water;  for  some  vastly  higher  than  these  arc 
formed  in  violent  tempests  in  the  great  seas.  These  how« 
ever  are  not  to  be  accounted  waves  in  iheir  natural  stale, 
but  as  compound  waves  furitied  by  .the  union  of  many 
others ; for  in  ihe»e  wide  plains  of  water,  when  one  wave 
is  raised  by  the  wind,  and  would  elevate  itself  up  to  the 
exact  height  of  0 feet,  and  no  more,  the  motion  of  the 
water  is  so  great,  and  the  succession  of  tvaves  so  quick, 
that  wnile  this  is  rising,  it  receives  into  it  several  other 
waves,  each  of  which  would  have  been  at  the  same  height 
with  itself;  these  run  into  the  first  wave  one  after  another, 
as  it  is  rising;  by  which  mcanv  its  rise  is  continued  much 
longer  than  it  naturally  would  have  bi-en,  and  it  becomes 
accumulated  to  an  enormous  size.  A number  of  these 
complicated  waves  rising  together,  and  being  continued  in 
a tong  succession  by  the  continuation  of  the  storm,  make 
the  waves  so  dangerous  to  ships,  w Inch  the  sailors  in  their 
phrase  call  mountains  high. 

Dilferciit  waves  do  nut  disturb  one  another  when  they 
move  in  diflerenl  directions.  The  reasim  is,  that  whatever 
figure  the  surface  of  the  water  ha<v  acquired  by  the  motion 
of  the  waves,  there  may  in  that  Lk*  an  elevation  and  de* 
pression  ; as  also  such  a muliun  as  is  n*quired  in  the  mo> 
tion  of  a wave. 

Waves  are  often  produced  by  the  motion  of  a tremulous 
body,  which  also  expand  themselves  circularly,  though 
the  body  goes  and  rcturgs  in  a right  line : for  the  water 
which  is  raised  by  the  agitation,  descending,  forms  a ca> 
vily,  which  is  every  where  surrounded  with  a rising. 

The  Motion  qf  the  Wavf.h,  is  a subject  which  makes  an 
article  in  the  Newtonian  phil<wo|iby  ; that  author  having 
explained  their  motions,  and  calculated  their  velocity  from 
mathematical  principles,  similar  to  the  motion  of  a pen- 
dulum, and  to  the  reciprocation  of  wntcr  in  the  two  legs 
of  a b^it  and  inverted  syphon  or  tul>e. 

His  propr>sition  conecaning  such  canal  or  tube  is  the 
4ith  of  the  2d  book  of  his  Principia,  and  is  this:  *'  If 
water  ascend  and  descend  alternately  in  the  erected  legs 
of  a canal  or  pipe ; and  a pendulum  be  constructed,  whost* 
length  between  the  point  of  suspension  and  the  centre  of 
oscillation,  is  equal  to  half  the  length  of  the  water  in  the 
canal ; then  the  water  will  ascend  and  descend  in  the  same 
times  in  which  the  pendulum  oscillates.”  The  author 
hence  infers,  in  prop.  45,  that  the  velocity  of  waves  is  in 
the  subduplicatc  r^iiio  of  their  breadths;  ami  in  prop.  4ti, 
he  proceeds  **  To  find  the  velocity  of  waves,”  as  follows : 
**  Let  a pendulum  be  constructed,  whose  length  between 
the  p>int  of  suspension  and  the  centre  of  oscillation  is 
equal  to  the  bremlili  of  (he  waves;  ami  in  the  time  that 
the  pendulum  will  perform  <me  singleoscillation,  the  waves 
will  advance  furwani  nearly  a space  equal  to  their  breadth. 
That  which  1 call  the  breadth  of  the  waves,  is  the  trans- 
verse measure  lying  between  the  deepest  part  of  the  bob 


‘ tows,  or  between  till’ (ops  of  the  ridges.  Let  abcd&f  re- 
present the  vurface  of  stagnant  water  ascending  and  de-^ 
scending  in  successive  waves;  also  let  a,  c,  t,  &c,  be  (he 


tops  of  the  waves ; and  b,  d,  r,  &c,  the  intermediate  boK 
lows.  Because  the  motion  of  the  waves  is  carried  on  by 
the  successive  ascent  and  descent  of  the  water,  so  that  the 
parts  of  it,  as  a,  c,  r,  &c,  which  arc  highest  at  one  time, 
become  lowest  immediately  after;  and  because  the  motive 
force,  by  which  the  highest  parts  descend  and  the  lowest 
ascend,  is  the  weight  of  ibc  elevated  water,  that  alternate 
ascent  and  descent  vvill.be  analogous  to  the  reciprocal  mo- 
tion of  the  water  in  the  canal,  and  observe  the  same  laws 
as  to  the  times  of  its  ascent  and  descent ; and  therefore 
(by  prop.  44,  above-mentioned)  if  the  distances  between 
the  highest  places  of  the  waves  a,  C,  e,  and  the  lowest  n, 
D,  ?,  be  ecjual  to  twice  the  length  of  any  pendulum,  the 
highest  parts  a,  c,  r.,  will  become  the  lowest  in  the  lime 
of  one  oscillation,  and  in  the  time  of  another  oscillation 
will  ascend  again.  Therefore  between  the  passage  of  each 
wave,  the  lime  of  two  0!>ciliations  will  intervene;  (bat  is, 
the  wave  will  describe  its  breadth  in  the  time  that  the 
pendulum  will  oscillate  twice;  but  a pendulum  of4ximes 
that  length,  and  which  therefore  is  c(]ivil  to  the  breadth  of 
the  waves,  will  just  oscillate  once  in  that  time.  2.  £./. 

“ Coro/.  1.  Therefore  waves,  whcnc  breadth  is  equal  to 
Spy  inches,  or  3fj  feet,  will  advance  through  a space  equal 
to  their  breadth  in  one  second  of  time ; and  therefore  in 
one  minute  they  will  go  over  a sjiace  of  I95J  feel;  and  in 
an  hour  a space  of  1 1737  feet,  nearly,  or  2 miles  and  al- 
most a quarter. 

“ Coro/.  Q.  And  the  vclopty  of  greater  or  less  waves, 
will  be  augmented  or  diminished  in  tbcsubduplicatc  ratio 
of, their  breadth* 

“ These  things  (Newton  adds)  arc  true  on  the  suppose- 
(ion,  that  the  parts  of  water  usernd  or  descend  in  a right 
line;  but  in  fact,  that  ascent  and  descent  is  rather  per- 
formed in  a circle;  and  therefore  1 propose  the  time  de- 
fined by  this  proposition  as  only  near  (be  truth." 

S/i//ing  Waves  hjt  means  qf  Oi/.  This  curious  proper- 
ty, though  well  known  to  the  ancients,  as  appears  from  the 
writings  of  Pliny,  was  for  many  ages  either  quite  unnoticed, 
or  treated  as  fabulous  by  succeeding  philosophers.  Of 
late  i(  has,  by  means  of  l3r.  Franklin,  again  attracted  the 
attention  of  the  learned  ; though  it  appears,  from  some 
anecdotes,  that  seafaring  people  have  always  been  acquaint- 
ed with  it.  In  Marlin’s  description  of  (he  Western  Islands 
of  Scotland,  we  have  the  following  jiassage:  “ The  stew- 
ard of  Kilda.  wrlio  lives  in  Pabbay,  is  accustomed,  in  time 
of  a storm,  to  tic  a bundle  of  puddings,  made  of  the  fat 
of  sea-fowl,  In  the  end  of  his  cable,  and  lot  it  fall  into  the 
sea  behind  his  rudder.  'I’his,  he  says,  hinders  the  waves 
from  breaking,  and  calms  the  seu."  Mr. Pennant,  in  his 
British  Zooltigy,  vol.  iv,  uiuler  the  article  Sr^nl,  lakes  no- 
tice, that  when  these  animals  are  devouring  a very  oily 
fish,  which  they  always  do  under  water,  the  waves  above 
are  remarkably  smooth;  and  by  this  mark  the  fishermen 
know  where  to  find  them.  Sir  Gilbert  Lawson,  wboserved 
long  in  the  army  at  Gibraltar,  assured  Dr.  Tranklin,  that 
the  fishermen  in  that  place  are  accustomed  to  pour  a little 
oil  on  the  set,  in  order  to  still  its  motion,  that  they  may 
be  enabled  to  sec  (he  oysters  lying  at  its  bottom,  which  art 
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there*  very  large,  and  which  they  lake  up  with  a proper  in- 
Mrunu'ut.  A Mtiiilar  practice  obtains  among  ti^hcrincll 
in  \arious  other  part»,  and  Ur.  htankliu  was  informed  by 
un  old  sea*caplain,  that  the  H>hcrnicn  of  Lisbon,  when 
about  to  return  into  the  river,  if  they  saw  too  great  a surf 
on  the  bar,  would  empty  a bottle  or  two  of  oil  into  the 
sea,  which  would  suppress  the  breakers,  and  allow  them 
to  pass  freely. 

Thed*»cti»r  having  resolved  in  his  mind  all  these  pieces 
of  ihfurmaiion,  became  impatient  to  try  the  cx|M*rimenl 
himself.  At  Ubt  having  an  opportunity  of  observing  a 
large  pond  very  rough  with  the  wind,  he  dropped  a small 
quantity  of  oil  into  it.  But  having  at  first  applied  it  on 
the  lee*side,  the  oil  was  driven  back  agoin  upon  the  shore. 
He  then  went  to  the  windward  side,  and  poured  un  about 
a toa->spoun«fuU  of  oil ; this  produced  an  instant  culm  over 
a space M'veral  yarrU stjuare.  which  spread  aina/irigly,  and 
extended  itself  gradually  till  it  enmo  to  the  U>e*-side;  ma- 
king all  that  quarter  of  the  pond,  iKuhaps  half  an  acre, 
as  smooth  as  glass.  This  experiment  was  often  repeated 
in  diftcrent  places,  and  always  with  success.  Our  autlior 
accounts  for  it  in  the  following  manner: 

“ There  seems  to  be  no  natural  repulsion  betwwn  wetcr 
and  air,  to  keep  them  from  coining  into  ccmlMCl  with  each 
other.  Hence  wc  find  n quantity  of  air  in  water;  and  if 
wc  extract  it  by  means  of  the  air  pump,  the  .vame  water 
again  exposetl  to  the  air  will  soon  imbibe  an  equal  quan- 
tity.— Tbeiefore  nir  in  motion,  which  is  wind,  in  passing 
over  the  smootli  surface  of  water,  m.ay  rub  as  it  were  upon 
that  surface,  and  raise  it  into  wrinkle's  ; w hich,  if  the  wind 
continues,  are  the  elements  of  future  waves.  The  smalU 
est  wave  once  raised  docs  u»t  immediately  subside  and 
leave  the  neighbouring  water  quiet ; but  in  subsiding 
raises  nearly  as  much  of  the  W‘au*r  next  to  it,  the  friction 
of  (he  parts  making  little  dilfi'rrnre.  Thus  a stone  dropped 
into  a pool  raiK's  hrsi  a single  wave  round  it^  lf,  and  It-avct 
it,  by  sinking  to  the  bottom ; buttlial  first  wave  subsiding 
raisesa  second,  the  second  athird,  and  so  onin  circles  to 
Q great  e.\trnl. 

“ A small  ptiwrr  continually  operating,  will  prmluce  a 
great  action-  A finger  npplietl  to  a weighty  suspended 
bell,  can  at  first  move  il  but  little;  if  repeatedly  applied, 
though  with  no  greater  strength,  the  motion  increases  till 
the  bell  swings  to  its  utmost  height,  and  with  a force  that 
cannot  be  resisted  by  the  whole  strength  of  the  arm  and 
body.  Thus  the  small  fir-st  raised  waves  being  continual- 
ly acted  on  by  the  wind,  arc,  though  the  wind  docs  not  in- 
crease in  strength,  continually  increased  in  magnitude, 
riling  higher  and  extending  ihctr  haar^,  so  as  to  include  a 
Vast  mass  of  water  in  each  v>ave,  which  in  its  motion  acts 
with  great  violence.  But  if  iln  re  be  a mutual  n pulsion 
between  the  particles  of  oil,  and  no  attraction  between  oil 
and  water,  oil  dropped  on  water  will  not  be  held  together 
by  adhesion  to  the  spot  whereon  it  falls;  It  will  not  be  im- 
bibed by  the  water ; it  will  be  at  liberty  to  expand  itself ; 
and  it  will  spread  on  a surface  that,  besidn  being  smooth 
to  the  must  perfect  dpgr<-cof  polish,  prevents,  peihaps  by 
repelling  the  oil,  all  immediate  contact,  keeping  it  at  a 
minute  distance  from  iisclf;  and  tlic.expnnsii»n  will  con- 
tinue, till  the  mutual  repulsion  between  the  particles 
of  the  oil  is  weakened  and  retfuced  to  nothing  by  (heir 
distance. 

**  Now  I imagine  that  the  wind  blowing  over  water  thus 
covered  with  a film  of  oil  cannot  easily  catch  upon  it,  so 
as  to  raise  the  first  wrinkle*,  but  slides  over  it,  and  leaves 
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it  smootH  as  it  finds  it.  It  moves  the  oil  .a  little  indeed, 
which  being  lictwei  o il  and  the  water,  serves^  to  slide  %ith, 
and  prevents  friction,  as  oil  docs  iM-tween  those  parts  of  a 
machine  that  would  otherwise  rub  hard  together.  Hence 
the  oil  dropped  un  tlic  windward  side  of  u fmiid  proceeds 
gradually  to  heuard,  as  may  be  k cii  by  (hcsniuothneas  it 
carries  .with  il  quite  to  the  opprxsitc  side.  For  the  wind 
being  thus  prevented  from  raising  the  first  wrinkles  that  I 
call  ihccK  ments  of  waves,  cannot  produce  waves,  which 
arc  to  be  made  by  cuatinually  acting  on  and  enlarging 
those-  elements;  and  thus  ilu-  whole  pond  is  calmed. 

**  Totally  therefore  wc  might  suppress  the  waves  in  any 
rcquirt*d  place,  if  wc  could  come  at  the  windward  place 
where  they  lake  their  rise.  This  in  the  ocean  can  seldom 
if  ever  be  done.  But  perhaps  something  may  Im*  dune  on 
particular  occasions  to  m<^eratclhe  violence  of  the  waves 
when  wc  are  in  the  midst  of  them,  and  prevent  their 
breaking  vvhen  that  would  be  inconvenient.  For  when  the 
wind  blows  flesh,  there  are  continually  rising  on  the  back 
of  every  great  waveanumber  uf  small  ones,  which  roughen 
its  surface,  and  give  the  wind  hold,  as  it  were,  to  pu\h  it 
with  greater  force,  lliis  hold  is  diminished  by  preventing 
the  generation  uf  those  small  oiu-s.  And  pus>ibly  too, 
when  a wave’s  surface  is  oiled,  the  wind,  in  passing  over  it, 
may  rather  in  some  degree  pres*  it  down,  and  contribute 
to  prevent  its  rising  again,  instead  of  promoting  it. 

**  lliis,  as  more  conjecture,  would  have  little  weight,  if 
the  apparent  effects  of  puuring  oil  into  the  midst  of  waves 
were  nut  considerable,  and  as  yet  not  otherwise  accounteii 
for. 

When  the  wind  blow*  so  fresh,  as  that  (he  waves  arc 
not  sufficiently  quick  in  iiU'ying  its  impulse,  their  lops, 
b(‘ing  thinner  and  lighter,  are  pushed  forward,  broken,  and 
turned  uver  in  a w hite  foam,  Cumimm  waves  iiit  a vessel 
without  entering  it;  but  these,  when  large,  somelimea  break 
above  and  pf>ur  over  it,  doing  great  damage. 

**  That  this  effect  might  in  any  degr<*o  be  prevented,  or 
the  height  and  violence  uf  waves  in  the  sea  moderated,  we 
had  no  certain  account ; Pliny’s  authurily  for  the  practice 
uf  bcamen  in  his  time  l>cihg  slighied.  But  discoursing 
lately  on  this  subject  with  his  excellency  Count  Heniinck 
of  Holland,  his  son  the  honourabK*  captain  Beniinck,  and 
the  learned  professor  Allemand  (to  all  wboin  I showed  the 
expt'rimeiit  of  smoothing  in  o windy  day  the  large  piece 
of  water  at  the  head  uf  ihc  green  park),  a letter  was  men- 
tioned which  h;«!  been  received  by  the  count  from  Batavia, 
relative  to  the  saving  of  a Dutch  ship  in  a storm  by  pour* 
ing  nil  into  the  M*a.”  < 

WAY  qf"  a Shi}f,  is  MmK'timcs  used  for  her  wake  or 
track.  But  more  commonly  the  term  is  understood  uf  the 
coursi'  or  progress  w hich  she  make.*  on  tbe  water  under 
sail  : thus,  when  slie  begins  her  inotiun,  she  is  said  to  be 
under  way ; w hen  that  motion  incri'a^f  s,  she  is  said  to  have 
fresh  way  through  the  water ; when  she  goes  apace,  they 
say  she  has  a good  way ; and  the  account  of  her  rate  of 
sailing  by  the  Ing,  they  call,  keeping  an  account  uf  her 
wny.  And  b«  cause  most  ship*  are  upt  to  fall  a little  to 
the  leeward  of  their  true  course,  il  is  customary,  in  cast- 
ing up  the  log-board,  to  allow  something  for  her  let  ward 
way,  or  leeway.  Hcncq  also  a ship  is  said  to  have  liead- 
w.iy,  and  stern-way. 

\VAV-W1SCR,  an  instrument  for  measuring  the  road, 
or  distance  travelled  ; called  also  Plhaubulatob,  and 
Pedomf.tcr.  See  these  two  articles. 

Mr.  Lovell  Edgworth  communicated  to  the  Society  of 
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Arts,  an  account  of  a way-wiKr  af  his  invention;  for 
which  he  obtained  a silver  medal.  This  machine  consists 
ofa  nave,  furmed  of  two  round  flat  pieces  of  wood,  t inch 
thick  and  8 inches  in  diameter.  In  each  of  (be  pieces 
there  are  cut  eleven  grooves,  j of  an  inch  wide,  and  | deep ; 
and  when  (he  two  piecesare  screwed  together,  they  enclose 
elcNcn  spokes,  forming  a wheel  of  spokes,  without  a rim  ; 
the  circumference  4>f  the  wheel  is  exactly  one  pole  ; and 
the  Instnimeiit  may  be  easily  taken  to  pieces,  and  put  up 
in  a small  compass.  On  each  of  the  spokes  there  is  driven 
a ferfii,  to  prevent  them  from  wearing  out ; and  in  the 
centre  of  the  nave,  there  is  a square  hole  Co  receive  an 
axle.  Into  this  hole  is  inss*r(ed  an  iron  or  brass  rod,  which 
has  the  thread  of  a very  hoc  screw  worked  upon  it  from 
one  end  to  the  other  ; upon  ibis  screw  hangs  a nut  which, 
as  the  rod  turns  round  with  the  wheel,  advances  towards 
the  nave  of  the  wheel  or  recedes  from  it.  The  nut  dcM's 
this,  because  it  is  prevented  from  turning  round  with  (he 
axle,  by  having  its  centre  of  gravity  placed  at  some  di« 
stance  below  the  rod,  so  as  always  lu  hang  perpendicu> 
Jarly  like  a plummet.  Two  sides  of  this  screw  arc  filed 
away  tlat,  and  have  figures  engraved  on  them,  to  show  by 
the  progressive  motion  of  the  nut,  how  many  circumvolu- 
tions of  the  wheel  and  its  axle  have  boon  made:  on  one 
side  the  divisions  of  miles,  furlongs,  and  poles  arc  in  a di* 
rect  order,  and  on  the  other  side,  the  same  divisions  are 
placed  in  a retrograde  order. 

If  the  person  who  uses  ibis  machine  places  it  at  hU 
right  band  side,  holding  the  axle  loosely  in  his  hands,  and 
walks  forward,  (he  wheel  will  revolve,  and  the  nut  ad- 
vance from  the  extremity  of  the  rod  towards  the  nave  of 
the  wheel.  When  two  miles  have  been  measured,  it  will 
have  come  close  to  the  wheel.  But  to  continue  this 
measurcincni,  nothing  more  is  necessary  than  to  place  the 
wheel  at  the  left  hand  of  (be  operator  ; and  the  nut  will, 
us  he  continues  ibe  course,  recede  from  the  axle-tree,  till 
utiothcr  space  of  two  miles  is  measured. 

It  appears,  from  the  construction  of  this  machine,  that 
it  operates  like  circular  compasses  ; and  does  not,  like 
the  common  wheel  way-wiser,  measure  the  surface  of 
every  stone  and  molehill,  &c,  but  passes  over  most  of  the 
obstacles  it  meets  with,  and  measures  the  chords  only, 
instead  of  the  arcs  of  any  curved  surfaces  upon  which 
it  rolN. 

weather,  denotes  the  state  or  disposition  of  the  at- 
mosphere, with  regard  to  heat  and  cold,  drought  and 
moisture,  fair  or  foul,  wind,  rain,  bail,  frost,  snow,  fog, 
&c.  8cc  ATMosPHEaa,  Hail,  Hbat,  Fhost,  Raik,  6ec. 

There  does  not  appear  io  all  philosophy  any  circum- 
stance of  more  immediate  concern  to  us,  than  the  slate  of 
the  weather;  a«  it  isin,andby  means  of  the  atmosphere,  that 
all  plants  are  nourished,  and  all  animals  live  and  breathe; 
and  as  any  alterations  in  the  density,  hent,  purity,  &c,  of 
that,  must  necessarily  be  attended  with  proportionable 
ones  in  tbe  state  of  these. 

The  great,  but  n>gular  alterations,  a little  change  of 
weather  produces  in  many  pans  of  inanimate  matter, 
every  person  knows,  from  the  common  instance  of  bjiro- 
incters,  thermometers,  hygrometers,  &c  ; and  it  is  owing 
partly  to  our  inattention,  and  partly  to  our  unequal  and 
intemperate  course  of  life,  that  wo  oUo,  like  many  other 
animals,  do  not  fci-1  as  great  and  as  regular  cues  in  the 
tubes,  chords,  and  fibres  of  our  own  budi(*s. 

To  establish  a proper  theory  of  the  weather,  it  would  be 
necessary  to  have  registers  carefully  kept  in  divers  parts 
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of  tbe  globe,  for  a long  scrit  s of  years ; from  which  we 
might  be  enabled  to  determine  the  directions,  breadth,  and 
bounds  of  the  winds,  and  of  the  weather  they  bring  with 
them  ; with  the  correspondence  between  the  weather  of 
divers  places,  and  the  difference  between  one  kind  and 
another  at  the  same  place.  We  might  thus  probably  in 
lime  learn  to  foretell  many  great  emergencies;  as,  extra- 
ordinary heals,  rains,  frt>st5,  droughts,  dearths,  and  even 
plagues,  and  other  epidemical  diseases, &c. 

It  is  however  but  very  few,  and  partial  registers  or  ac- 
counts of  the  weather,  that  have  been  kept.  'Ihc  Royal 
Society,  the  I'rench  .Acaclemy,  and  a few  purticuiar  phi- 
iosopber>,  have  at  times  kept  su<  h registers  av  their  fancies 
have  dictated,  but  never  a n^gnltir  and  conc9|K<ndent  se- 
rira  in  many  places,  at  the  same  imu-.  followed 

with  particular  comparisons  and  deductiotis  from  the 
whole,  Ac.  The  mortof  what  has  bsvn  done  in  this  way, 
is  as  follows : Tbe  volumes  of  the  Rhilobophical 'I'rani- 
octioiu  from  year  to  year ; tbe  same,  for  iosinictions  and 
examples  pertaining  to  the  subject,  vol.  66,  part  2,  art. 
l6  ; Eras.  Bartholin  has  obscrvati>ms  of  the  weather  tor 
every  day  in  tbe  year  1071  ; Mr.  W.  Merle  made  the  like 
at  Oxford,  for  7 years ; l)r«  Plot  did  tbe  same  at  (be 
same  place,  for  the  year  l684 ; Mr.  Hillier,  at  Cape  Corse, 
for  the  years  l6d6  and  1G87 ; Mr.  Hunt  and  others  at 
Gresham  College,  for  the  years  1696  and  169^;  Dr.  Dcr- 
ham  at  Upminstcr  in  Esaex,  for  tbe  years  )6'9I,  lb'92, 
1697,  10*98,  1699.  1703.  1704,  1706;  Mr.Townley,  in 
Lancasbira,  in  J697,  1698;  Mr.  Cunningham,  at  Emin  in 
China,  for  the  years  1698,  l699t  1700, 1701  ; Mr.Locke, 
at  Oats  in  I-4sex,  l692;  Dr.  Scbeuchicr,  at  Zurich, 
1708;  and  Dr.  Tilly,  at  Pisa,  the  same  year  ; professor 
Toaldo,  at  Padua,  for  many  years;  Mr. T. Barker,  at 
Lyndon,  in  Rutland,  for  many  yeir^in  tbe  Philos.  Trans. : 
Mr.  Dalton  for  Kendal,  and  Mr.  Crosthwaile  for  Keswick, 
in  the  years  1788,  1789,  1790,  179U  I79?f  and  se- 
veral others.  The  register  now  kept,  for  many  yean,  in 
the  Philos.  Trans,  contains  an  account,  two  tiroes  every 
day,  of  the  iherroomctcr,  barometer,  hygrometer,  quan- 
tity of  rain,  direction  and  strength  of  the  wind,  and  ap- 
pearance of  tbe  atmosphere,  as  to  fair,  cloudy,  foggy, 
rainy,  Ac.  And  if  similar  rasters  were  kept  in  many 
other  parts  of  the  globe,  and  printed  in  sueb-like  public 
transactions,  they  might  readily  be  consulted,  and  a pro- 
per use  made  of  them,  for  establishing  this  science  on  the 
true  basis  of  experimenk. 

From  many  cxperirocnls,  some  general  observations 
have  been  made,  as  follow : That  barometers  generally  rise 
and  full  together,  even  at  very  distant  places,  and  a conse- 
quent conforiniiy  and  similarity  of  weather;  but  this  is 
the  more  uniformly  so,  as  tbe  places  are  nearer  together, 
as  might  be  expected.  That  the  variations  of  the  baro- 
meter arc  greater,  as  the  places  are  nearer  the  pole ; thus, 
for  instance,  the  mercury  at  London  haa  a greater  range 
by  2 or  3 lines  than  at  Paris  ; and  at  Paris,  a greater  than 
ut  Zurich  ; and  at  some  places  near  the  equator,  there  is 
scarcely  any  variation  at  all.  That  the  rain  in  Switaer- 
land  and  Italy  is  much  greater  in  quantity,  for  the  whole 
year,  than  in  Easex  ; and  yet  the  rains  are  more  frequent, 
or  there  are  more  rainy  days.  In  Essex,  than  at  cither  of 
those  places.  Thai  cold  contributes  greatly  to  rain  ; and 
this  opparemly  by  condensing  thesuspended  vapours,  and 
so  causing  them  to  descend:  thus,  very  cold  months,  or 
seasons,  are  commonly  followed  immediately  by  very  rainy 
ones ; and  cold  summers  are  always  wet  ones.  That  high 
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ridget  of  mounuiiiSf  as  the  Alps,  and  the  snowi  with 
which  they  are  covered,  not  only  effect  the  neighbouring 
place*  by  ihc  colds,  rain*,  vapours,  &c,  which  they  pro- 
ducc ; but  even  distant  countries,  as  England,  often  partake 
of  their  cfiecis.  See  a collection  of  ingenious  and  me- 
teorological observations  and  conjectun**,  by  Dr.  Frank- 
lin, in  his  Experiments,  &c,  pa.  182,  drc.  Also  a Me- 
teorological Register  kept  at  Mansfield  Woodhouse,  from 
1784  to  1794,  Nottingham  1795,  Hvo ; and  Kiiwio's  in- 
genious papers  on  this  subject  in  the  Transactions  of  ibe 
Irish  Academy,  vol.  5.  See  also  the  articles  Evapora- 
tion, Rain, and  Wind. 

Other  Prognostia  and  Observations,  are  as  follow  : 

That  a thick  dark  sky,  lasting  for  some  time,  without 
either  sup  or  rain,  always  becomes  first  fair,  and  then  foul, 
i.  e.  it  changes  to  a fair  clear  sky,  before  it  turns  to  rain. 
And  tbe  reason  is  obvious:  the  atmosphere  is  replete  with 
vapours  which,  though  sufficient  to  reflect  and  intercept  the 
sun's  rays  from  us,  yet  vranldcmily  to  descend  ; andwhilc 
the  vapours  continue  in  the  same  state,  the  weather  will 
do  so  too  : accordingly,  such  weather  is  commonly  attend- 
ed with  moderate  warmth,  and  with  little  or  no  wind  to 
disturb  the  vapours,  and  a heavy  atmosphere  to  sustain 
them;  the  barometer  being  commonly  high;  but  when 
the  cold  approaches,  and  by  condensing  the  vapours  drives 
them  into  clouds  or  drops,  then  way  is  made  for  the  sun 
beams  ; till  the  same  vapours,  by  farther  condensation,  be 
formed  into  rain,  and  fall  down  in  drops. 

That  a change  in  tbe  warmth  of  the  weather  is  followed 
by  a change  in  the  wind.  Thus,  the  northerly  and  south- 
erly winds,  though  commonly  accounted  the  causes  of 
cold  and  warm  weather,  are  really  the  effects  of  the  cold 
or  warmth  of  the  atrooapbere ; of  which  Dr.  Derbam  as- 
sures us  he  had  so  many  confirmations,  that  he  makes  no 
doubt  of  the  fact.  Thus,  it  is  common  to  observe  a warm 
southerly  wind  suddenly  changed  to  the  north,  by  the  fall 
of  snow  or  hail;  or  to  have  the  wind,  in  a cold  frosty 
morning,  north,  when  the  sun  has  well  warmed  the  air, 
shift  towards  the  south ; and  again  turn  northerly  or 
easterly  in  the  cold  evening. 

That  most  vegetables  expand  their  flowers  and  down  in 
sunshiny  weather:  and  towards  the  evening,  and  against 
rain,  close  them  again  ; especially  at  the  beginning  of  their 
flowering,  when  their  seeds  are  tender  and  sensible.  This 
is  visible  enough  in  tbe  down  of  dandelion,  and  other 
downs ; and  eminently  so  in  the  flowers  of  pimpernel;  the 
opening  and  shutting  of  which  make  what  is  called  the 
countryman’s  weather-wiser,  by  which  be  foretels  the 
weather  of  the  following  day.  The  rule  is,  when  the 
flowers  are  close  shut  up,  it  betokens  rain,  and  foul  wea- 
ther; but  when  they  are  spread  abroad,  fair  weather. 

The  stalk  of  trefoil,  lord  Bacon  observes,  swells  against 
rain,  and  grows  more  upright ; and  the  like  may  be  ob- 
served, though  less  sensibly,  in  the  stalks  of  most  other 
plants.  He  adds,  that  in  the  stubble  fields  there  is  found 
a small  rod  flower,  called  by  ihe  country  people  pimper- 
nel, which,  opening  in  a morning,  is  a sure  indication  of  a 
fine  day.' 

It  is  very  conceivable  that  vegetables  should  be  affected 
by  the  same  causes  as  the  weather,  as  they  may  be  consi- 
dered as  so  many  hygrometers  and  thermometers,  consist- 
ing of  an  infinite  number  of  trachea*,  or  air-vessels;  by 
which  they  have  an  immediate  communication  with  the 
air,  and  partake  of  its  moisture,  beat,  Ac. 

Hence  it  is,  that  every  kind  of  wood,  even  tbe  hardest 


and  most  solid,  swells  in  moist  weather;  the  vapours 
easily  insinuating  themselves  into  the  pores,  especially  of 
the  lighter  and  drier  kinds.  And  hence  is  deiivnl  a very 
extraordinary  use  of  wood,  via,  for  breaking  rucks  or  mil- 
stones.  Tbe  method  at  the  quarries  is  this:  Having  cut 
a rock  into  the  form  of  a cylinder,  the  workmen  divide  it 
into  several  thinner  cylinders,  of  horixontal  couries,  by 
making  boles  at  proper  distances  round  the  great  one; 
into  these  holes  they  drive  pU^vs  of  sallow  wood,  dried  in 
an  oven;  these  in  moist  weather,  imbibing  the  humidity 
from  tbe  air,  swell,  and,  acting  like  wedges,  they  briiik  or 
cleave  the  rock  into  several  flat  stones.  And,  in  like  man- 
ner, to  sefNiraie  large  blocks  of  stone  in  the  qunrry,  they 
wedge  such  pieces  of  wood  into  holes,  forming  the  block 
into  the  intended  shape,  and  then  pour  water  upon  the 
wedges,  to  produce  the  effect  more  immediately. 

WcATHCR-G/osses,  are  instruments  contrived  to  show 
the  state  of  the  atniospliere,  as  to  heal,  cold,  moisture, 
weight,  &c  ; and  so  to  measure  the  changes  that  take  place 
in  ihoM‘  ri'spects;  by  which  means  we  arc  enabled  to  pre- 
dict the  alteration  of  wc'ather,  as  to  rain,  wind,  frost,  Ac. 
— Under  the  class  of  wealher-glasst's,  arc  cotnprebrnded 
barometers,  thermometers,  hygrumeters,  manometers,  and 
anemometen. 

WEDGE,  in  Geoiiu  try,  is  a solid,  having  a rectangular 
base,  and  two  of  its  opposite  sides  end- 
ing in  an  acies  or  edge.  Thus,  a a is 
the  rectangular  base;  and  dc  the  edge; 
a perpendicular  cc.,  from  the  edge  to 
the  base,  is  the  height  of  tbe  wedge. 

When  the  length  of  the  edge  DC  is 
eriual  to  the  length  of  the  base  bf, 
which  is  the  most  common  form  of  it, 
the  wedge  is  equal  to  half  a rectangular 
prism  of  the  same  base  ab  and  height 
xc  ; or  It  is  then  a whole  triangular 
prism,  having  the  triangle  bcg  for  its 
base,  and  ao  or  dc  fur  its  height. 

If  the  edge  be  more  or  less  than  ag,  its  solid  content  will 
also  be  more  or  less.  But,  in  all  cases  of  the  wedge, 
the  following  is  a general  rule  for  finding  the  content  of 
it,  viz, 

To  twice  the  length  of  the  base  add  the  Icngtli  of  the 
edge,  multiply  Ihc  sum  by  the  breadth  of  the  base,  and 
the  product  by  the  height  of  the  wedge;  then  | of  the 
last  product  will  be  the  solid  content. 

That  is,  (2ao  dc)  x at  * ^ tc  :ss  the  content. 
See  this  rule  demonstrated,  and  illustrated  with  exam- 
ples, in  my  Mensuration,  pa.  141,  4ih  edition.^ 

Wedgk,  in  Mechanics,  one  of  the  five  mechanical 
powers,  or  simple  r ngines;  being  a geometricui  wedge,  or 
very  acute  triHOguiar  prism,  applied  to  tbe  splitting  of 
wood,  or  rocks,  or  raising  great  weights. 

This  machine  is  made  of  iron,  or  some  other  hard 
matter,  and  applied  to  (he  raising  of  vast  weights,  or  sepa- 
rating vary  firm  blocks  of  wood  or  stone,  by  introtluclng 
the  thin  edge  of  the  wedge,  and  driving  it  in  by  blows 
struck  upon  the  back  by  hammers  or  malleU. 

Thu  wedge  is  the  most  powerful  of  all  the  simple  ma- 
chines, having  an  almost  unlimited  and  double  advantage 
over  all  the  other  simple  mechanical  powers;  both  as  it 
may  be  made  vastly  tbin,  in  proportion  to  its  height;  in 
which  consists  its  own  natural  power;  and  as  it  is  urged 
by  the  force  of  percussion,  or  of  smart  blows,  wliicb  is  a 
force  incomparably  greater  than  any  mere  dead  weight  or 
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priKture,  such  as  is  employed  on  other  mtcbines.  And 
accordingly  we  6nd  it  produces  effects  vastly  superior  to 
those  of  any  ocbt-r  power  whatever;  such  as  the  splitting 
aoJ  raising  the  largest  and  hardest  rocks;  or  even  the 
raising  and  lifting  the  largest  ship,  by  driving  a wedge 
under  it;  which  a man  can  do  by  the  blow  of  a mallet: 
and  thus,  the  small  blow  of  a hammer,  on  the  back  of  a 
wedge,  appears  Co  be  incomparably  greater  than  any  mere 
spri'ssure,  and  will  overcome  it. 

Tu  the  wedge  may  be  referred  all  edge-tools,  and  in- 
struments that  havi  a sharp  point,  in  order  to  cut,  cleave, 
slit,  split,  chop,  pierce,  bore,  or  the  like;  as  knives, 
baU'hi  is,  swords,  bodkins,  dec. 

la  the  wedge,  the  friction  against  the  sides  is  very  great, 
at  learst  equal  tu  the  force  to  be  overcome ; because  the 
wedge  retains  any  position  to  which  it  is  driven;  and 
therefore  the  nsistance  is  at  least  doubled  by  the  friction. 

Authors  have  been  of  various  opinioirs  concerning  the 
principle  from  which  the  wedge  derives  its  power.  Ari- 
stotle Considers  it  as  two  lever«  of  the  tint  kind,  inclined 
towards  e<teb  other,  and  acting  in  opposite  directions. 
Guido  Ubaldi,  Mersenne,  dec,  will  have  them  to  be  levers 
of  the  r^ennd  kind.  But  Delaois  shows,  that  the  wedge 
cannot  be  reduced  to  any  lever  at  all*  Others  refer  the 
wedgrlo  the  inclined  plane.  And  others  again,  with  De- 
stair, will  hardly  allow  the  wedge  to  have  any  force  at  all 
in  itself;  ascribing  much  the  greatest  part  to  the  mallet 
which  drives  it. 

The  doctrine  of  the  force  of  the  wedge,  according  to 
some  writers,  is  contained  in  this  proposition:  If  a 

power  directly  applied  to  the  head  of  a wedge,  be  to  the 
resistance  to  be  overcome,  as  the  breadth  of  the  back  go, 
is  to  the  height  EC  ; then  the  power  will  be  equal  to  the 
resistance;  and  if  increased,  it  will  overcome  it.** 

But  Desaguliers  has  proved  that,  when  the  resistance 
acts  perpendicularly  against  the  sides  of  the  wedge,  the 
power  is  to  the  whole  resistance,  as  the  thickness  of  the 
back  is  to  tbd  length  of  both  the  sides  taken  together. 
And  thesamc  proportion  is  adopted  by  Wallis  (Op.  Math. 
vol.  I,  pa.  101  ff).  Keill  (Intr.  ad  Vcr.'Pbys.),  Gravesande 
(£lem.  Math.  Lib.  1,  cap.  14),  and  by  almost  all  the  mo- 
dern mathematicians.  Gravesande  indeed  distinguishes 
the  mode  in  which  the  wedge  acts,  into  two  cases,  one  in 
which  the  parts  of  a block  of  wood,  are  separated  far- 
ther than  the  edge  has  penetrated  to,  and  the  other  in 
which  they  have  not  separated  farther:  In  his  Scholium 
de  Ligno  hndendo  (ubi  supra),  he  observes,  that  when  the 
parts  of  the  wood  are  separated  before  the  wedge,  the 
equilibrium  will  be  when  the  force  by' which  it  is  pushed 
in,  is  to  lha  resistance  of  the  wood,  a^ 
the  line  db  drawn  from  thi*  middle  of 
the  base  to  the  side  of  the  nedse  but 
perpendicular  to  the  separated  ^ide  of 
the  wood  70  cooiidued,  i>>  to  liie 
height  of  the  wedge  oc;  buiwbeoihe 
parts  of  the  wood  arc  separated  no 
farther  than  the  wedge  is  driven  in, 
the  equilibrium  will  be,  when  the 
power  is  to  the  resistance,  as  the  half 
base  AD,  is  to  its  side  ac. 

Mr.  Ferguson,  in  estimating  the  proportion  of  equili- 
brium in  the  two  cases  last  mentioned  by  Gravesande, 
agrees  with  this  author,  and  other  modem  philosophers, 
in  the  latter  cose ; but  in  the  former  be  contends,  that 


when  the  wood  cleaves  to  any  distance  before  the  wedg^ 
as  it^neraJly  does,  then  the  power  impelling  the  wedge, 
will  ^ to  the  resistance  of  the  wood,  as  half  its  thickness, 
u to  the  length  of  cither  tide  of  (he  cleft,  estimated  from 
the  top  or  aoring  part  of  the  wedge:  for,  supposing  the 
wedge  to  be  lengthened  down  to  the  bottom  of  the  cleft, 
the  power  will  be  to  the  resistance,  as  half  the  thickness 
of  the  wedge  is  to  the  length  uf  cither  of  its  sides.  See 
Ferguson's  Lect.  pa.  4U,  dec.  4to.  See  also  Desagu. 
Kxp.  Phil.  vol.  1,  pa.  107;  and  Ludlam’s  Essay  on  the 
Power  of  the  Wedge,  prinuil  in  1770;  &c. 

The  generally  acknowledged  property  of  tbc  wedge,  and 
the  simplest  way  of  deroonstrating  it,  may  be  the  follow- 
ing: When  a wedge  is  kept  in  equilibnu,  (he  power  act- 
ing against  the  back,  is  to  tbe  forte  acting  perpendicu- 
larly against  eitiierside,  as  the  breadth  of  the  back  ab,  is 
to  tbe  length  of  the  side  ac  or  bc.— DmMMurro.  Fur  any 
three  forces  which  sustain  one  another  in  equilibrio,  arc 
as  the  corresponding  sides  of  a triangle  that  are  drawn 
perpendicular  to  the  directions  in  which  tbe  forces  act. 
But  AB  is  perpendicular  to  tbc  force  acting  on  the  back, 
to  dri^e  the  wedge  forward  ; and  ihe  sides  ac  and  bc  are 
perpendicular  to  the  forces  acting  on  them ; therefore 
tbe  three  forces  ere  astheuid  lines  ab,  ac,  bc. 

Hence,  tbe  thinner  a wedge  is,  the  greater  is  its  effect, 
in  splittiog  any  body,  or  in  overcoming  any  resistaoce 
against  the  side  of  tbe  wedge. 

.WEDNESDAY,  the  4th  day  of  the  week,  formerly 
consecrated  by  the  inhabitants  of  the  uortfaern  nations  to 
Woden  or  Oden ; who,  being  reputed  the  author  of  magic, 
and  inventor  of  all  the  arts,  was  thought  to  answer  tu  tbe 
Mercury  of  the  Greeks  and  Romans,  in  honour  of  whom 
tbe  Mmc  day  was  by  thorn  called  dies  Mercurii ; and 
hence  it  is  denoted  by  ostroDomen  by  the  character  of 
Mercury  9 . * 

WEEK,  a division  of  lime  that  comprises  seven  days. 

The  origin  of  this  division  of  weeks,  or  of  computing 
time  by  sevenths,  is  much  controverted.  It  has  oftea 
been  thought  to  have  taken  its  rise  from  ike  four  quarters 
or  intervals  of  the  moon,  between  her  changes  of  phases, 
which,  being  about  7 days  distant,  gave  occasion  u»  tbe  dU 
vision  : but  others  more  probably  from  the  seven  planets. 

Be  this  however  os  it  may,  tbc  division  is  certainly  very 
ancient.  Tbe  Syrians,  Egyptians,  and  roost  of  the  orientU 
nations,  appear  to  have  used  it  from  the  earliest  e^ : 
though  it  did  not  get  footing  in  the  west  till  intrvKluced  by 
Christianity.  Tbe  Romans  reckoned  their  days  not  by 
sevenths,  but  by  ninths;  and  the  ancient  Greeks  by  de- 
cads,  or  tenths;  jn  imitation  of  which  tbe  new  French  ca- 
lendar seems  to  have  been  framed. 

Tbc  Jews  divided  their  time  hy  weeks,  of  7 days  each, 
as  prescribed  by  the  law  of  Moses ; in  which  they  were 
appointed  to  work  6 days,  and  to  rest  the  7th,  in  com- 
memoration of  the  creation,  which  being  effected  in  ff 
days,  God  rested  on  the  7lh. 

Some  authors  will  even  have  the 'use  of  weeks,  among 
the  other  eastern  nations,  to  have  proceeded  from  tbe 
Jews;  but  with  little  appearance  of  probability.  It  is 
with  better  reason  that  others  suppose  the  use  of  weeks, 
among  the  eastern  nations,  to  bc  a remnant  of  tbe  tradi- 
tion of  the  creation,  which  they  had  still  obtained  with 
divers  others;  or  else  from  the  number  dl  tbe  planets. 

The  Jews  denominated  (he  days  of  the  week,  tbe  first, 
second,  third,  fourth,  and  fifth;  and  tb«'  sisth  day  they 
4G2 
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nftmed  tbe  prepftratioo  of  the  stbbAth,  or  7th  day,  which 
answered  to  our  Saturday.  And  the  like  method  is  still 
kept  up  by  tbe  Christian  Arabs,  Persians,  Ethiopians,  &c. 

The  ancient  heathens  deaomioated  the  days  of  the  w eek 
from  ihc  seven  planets  i which  names  are  siiU  mostly  re- 
tained among  the  Christians  of  the  west:  thus,  tbe  first 
day  was  called  dies  solis,  sun-day;  the  3d  dies  lunar, 
moon-day;  &cc;  a practice  the  more  natural  on  Dion’s 
principle,  that  ilie  Egyptians  look  the  division  of  the  week 
ilseli  from  the  seven  planets. 

In  fact,  the  true  reason  for  these  denominations  seems 
to  be  founded  in  astrology.  For  the  astrologers  divuibui- 
ing  the  government  and  direction  of  all  tb«'  hours  in  the 
week  among  the  seven  planets,  so  as 

that  the  government  of  the  first  hour  of  the  first  day  fell 
to  Saturn,  that  of  the  second  day  to  Jupiter,  Ac,  they 
gave  each  day  the  name  of  the  planet  which,  according 
to  their  doctrine,  presided  over  the  first  hour  of  it,  and 
that  according  to  the  order  above  stated.  So  that  tbe 
order  of  the  planets  in  the  week  bears  little  relation  to 
that  in  which  they  follow  ’ iu  tbe  heavens;  tbe  former 
being  grounded  on  an  imaginary  power  each  platiyt  has, 
in  its  turn,  on  the  first  hour  of  each  day* 

Dion  Cassius  gives  another  reason  for  the  denomination, 
drawn  from  the  celestial  harmony.  Fur  it  being  observed, 
that  the  harmony  of  the  diatessaran,  which  consists  in  tbe 
ratio  of  4 to  3,  is  of  great  force  and  effect  in  music ; it 
was  thought  proper  to  proceed  directly  from  Saturn  to 
the  Sun;  because,  according  to  the  old  system,  there  are 
three  planets  between  Saturn  and  the  Sun,  and  4 from  the 
Sun  to  the  Moon. 

Our  Saxon  ancestors^  before  their  conversion  to  Chris- 
tianity, named  tbe  seven  days  of  tbe  week  from  the  sun 
and  moon  and  some  of  their  deified  heroes,  to  whom  they 
were  peculiarly  consecrated,  and  representing  tbe  ancient 
gpds  or  planets;  which  names  nc  have  received  and  still 
retain : Thus,  Sunday  was  devoted  to 
the  Sun;  Monday  to  the  Moon;  Tues-  'O  Sunday 
day  to  Tuisco ; Wednesday  to  Woden;  g Monday 
Ihurtday  to  Thor,  the  thundercr;  Fri-  i Tuesday 
day  to  Friga  or  Friya  of  Frca,  the  wife  9 Wedne^ay 
of  Thor;  and  Saturday  to  Setter.  And  If  Thursday 
nearly  according  to  this  order,  tbe  mo-  3 Friday 
dexn  astronomers  expreu  the  days  of  b Saturday  t. 
the  week  by  the  seven  plani’ts  as  annexed. 

In  the  same  order  and  number  also  do  these  obtain  in 
the  Hindu  days  of  Uie  week.  See  Klndersley's  Specimens 
of  Hindu  Uu^aturo,  just  published,  8vo. 

WEIDLER  (John  Fhcdcricr)  was  professor  of  ma- 
thematics at  WitUmberg.  Besides  a number  of  commu- 
nications to  the  Royal  Society,  contained  in  vols.  36,  38, 
39,  40,  41,  of  the  Philos.  Trans,  be  was  author  of  several 
separate  works  : as,  1.  Instilutiones  Mathematics,  in  8vo, 
1725.  Tbisisavery  tlrick  volume, and  contains  a general, 
though  concise  course,  of  all  the  mathematical  sciences. 

3.  ObtiTvatioues  MeteorulogicEu  ct  Aslronomicte,  1739. 
8.  ilistoria  A>(runomica.  in  4io,  1741. 

WEIGH,  Wav,  or  Wey,  a wright  of  cheese,  wool,  Ac, 
containing  336  pounds  avoirdupois.  Of  corn,  the  weigh 
coiitHiiH  40buvbeU;  of  barley  or  malt,  6 quaitcrs. 

WEIGHT,  or  Gravity^  in  Physics,  a quality  in  natural 
bodies,  by  which  they  tend  towards  the  centre  of  the 
earth:  and  it  is  equal  to  the  effort  necessary  to  prevent 
u body  from  falling.  Sec  Gravity. 


Weight,  like  gravity,  may  be  distinguished  into  absolute 
specific,  and  relative.  Newton  demonstrates,  1.  That 
the  weights  of  all  bodies,  at  equal  distnnci-s  fn^m  the 
centre  of  the  earth,  are  directly  proporlionni  to  llie  quan- 
tities oi  inHiti’f  that  each  contains:  Whence  it  follows, 
that  the  weights  of  bodies  have  no  depi  nJence  on  their 
sha|K.<8  or  textures;  and  that  all  spaces  are  nut  equally 
full  of  ruattor.  « 

3.  On  ditfiTcnt  parts  of  the  earth’s  surface,  the  weight 
of  the  same  Unly  is  diffvrent;  owing  to  the  spheroidal 
figure  of  the  earth,  which  causes  tbe  bo«iy  on  the  surface 
to  be  m erer  the  centre  in  g«>ng  from  the  equator  towards 
the  poles:  amt  tbe  increase  in  the  weight  is  nearly  in  pro- 
portion to  tbe  Versed  sine  of  double  tbe  latitude;  or, 
which  is  the  same  thing,  to  the  square  of  the  right 
sine  ol  tbe  latitude:  the  weight  at  the  equator  to  that 
at  tbe  pole,  being  as  229  to  230;  or  the  whole  tnerrase  of 
weight  from  the  equator  to  the  pule,  is  th«  229lb  part  of 
the  former. 

3.  That  the  weights  of  the  same  body,  at  different  dis- 
tances above  tbe  earth,  are  inversely  as  tbe  squares  of  tbe 
distances  from  tbe  centre.  So  that,  a body  at  the  distance 
of  the  moon,  which  is  60  semidiHmeten  from  the  earth’s 
centre,  would  weigh  only  the  3600tb  part  of  what  it  weighs 
at  the  earth’s  surface. 

4.  That  at  different  distances  within  the  earth,  or  below 
the  surface,  the  weights  of  the  same  body  are  directly  as 
the  distances  from  the  earth’s  centre:  so  that,  at  half  way 
toward  the  centre,  a body  v.ould  weigh  but  half  as  much, 
and  at  the  very  centre  it  would  have  no  weight  at  all. 

5.  A body  immersed  in  a fluid,  uliich  is  specifically 
lighter  than  ibclf,  loses  so  much  of  its  weight,  us  is  equal 
to  the  weight  -ol  a quantity  of  the  fluid  of  tbe  same  bulk 
with  itself.  Hence,  a body  loses  more  of  its  weight  in  a 
heavier  fluid  than  in  a lightiT  one:  und  thereforcit  weighs 
more  in  a lighter  fluid  than  in  a heavier  one. 

The  wright  of  a cubic  foot  of  pure  water,  is  1000 
ounces,  or  6'3i  pounds,  avoirdupois.  And  the  weights  of 
the  cubic  foot  of  other  bodies,  urc  as  set  down  under  the 
article  Sp<cijic  Gravity. 

. In  the  Philos,  ’frans.  (No.  458,  pa.  457  Ac)  is  con- 
tained some  account  of  the  analogy  betwten  English 
weights  and  measures,  by  Mr.  Barlow,  lie  states,  that 
anciently  the  cubic  foot  of  water  was  assumed  as  a general 
standard  fur  liquids.  This  cubic  foot,  of  62f  Ib,  inulu- 
plied  by  33,  gives  3000,  the  weight  of  a (on  ; and  hcncu 
8 cubic  feet  of  water  made  a hogshead,  and  4 hogsheads 
a tun,  or  ton,  in  capacity  and  denomiuulioti,  as  well  as 
weight. 

Dry  measures  were  raised  on  the  .^aroe  model.  A bushel 
of  wheat,  assumed  ns  a general  standard  for  all  sorts  of 
grain,  also  weighed  63|lb.  Eight  of  these  bushels  make 
a quarter,  and  4 quarters,  or  32  bu>hcls,  a ton  weight. 
Coals  were  sold  by  the  chaldron,  suppusi  d to  weigh  u ton, 
or  2000  pounds;  though  in  reality  it  weighs  perhaps  up- 
w-ards  of  3000  pounds. 

Hence  n ton  in  weight  is  the  common  standard  for 
liquids,  wheat,  and  coals.  Hud  this  analogy  b<i'i>  ad- 
here<i  to,  the  confusion  now  complained  of  would  have 
been  avoided.— It  may  reasonably  be  supposi’d  that  corn 
and  other  commodities,  both  dry  and  liquid,  were  first 
sold  by  weight;  and  that  measures,  for  convenience,  were 
afterwards  introduced,  as  bearing  some  analogy  to  the 
weights  before  used. 
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Weight,  Pondtu,  in  Mi'cbanici,  denotes  any  tbiox 
to  be  raiiied,  »iu>tained,  or  moved  by  a muchine;  or  any 
ibinit  tbat  in  any  manner  r«i»i»(v  the  inuUon  to  b<‘  produced. 
In  all  machines,  there  i»u  natural  aiiO  tiaed  ratio  bc^tween 
the  weight  and  the  moving  power ; and  if  they  be  such  as 
to  balance  i>ach  other  in  equiiihrio,  and  then  the  machine 
* be  put  in  motion  by  any  other  turce;  the  weight  and 
power  wilt  always  be  reciprocally  as  the  velucilies  ul  them, 
or  of  (heir  centres  of  gravity ; or  their  niumentums  will  be 
equal,  that  is,  the  product  of  the  weight  multiplied  by  its 
velocity,  will  be  equal  to  the  product  of  ibo  power  mul- 
tiplied by  its  velocity. 

Weight,  in  Commerce,  denotes  a body  of  a known 
weight,  appointed  to  be  put  into  a balance  against  other 
bodies,  whose  weight  is  required  to  bu.  known  These 
weights  are  usually  of  lead,  iron,  or  brass;  though  in  se* 
veral  parts  of  the  hast  Indies  common  flints  arc  used  ; and 
in  some  places  a sort  of  little  beans.  The  divendty  of 
weights,  in  all  nations,  and  at  all  times,  makers  one  of  tbc 
most  perplexing  circumstances  in  commerce,  &c.  And 
it  would  be  asrery  great  convenience  if  all  nations  could 
agree  on  a universal  standard,  aud  system,  both  of  weights 
and  measures. 

Weights  may  be  distinguished  into  ancient  and  modern, 
foreign  and  doim*stic. 

Modern  Weights,  used  in  the  itveral  partt  qf  Europe 
and  Me  Lerant. 


. than  the  law  bad  expressly  enjoined,  and  this  be  observes 
happened  to  be  a 6tb  part  more.  Apothecaries  buy  their 
drugs  by  avoirdupois  weight,  but  (bey  compound  them 
by  troy  weight,  (bough  under  some  liiile  variation  of  name 
and  divisiuQSi 

'Hie  troy  or  trone  pound  weight  in  Scotland,  which  by 
statute  is  to  be  tlic  same  as  tite  French  pound,  is  com- 
monly supposed  equal  to  13|  Knglisb  troy  ounces,  or  7560 
grains;  but  by  a mean  of  the  standards  kept  by  (he  dean 
of  gild  of  hdmburgb,  it  weighs  7^99't  7600  grains 

nearly. 

The  following  tables  show  the  divisioris  of  the  troy  and 
avoirdupois  weights. 

^ Table  of  Troy  WVigAr,  a$  ured, 

1.  By  the  Goli^miths,  &c. 

Gnitka  Prnntwt. 

24  s 1 dwt. 

480  s 20  a 1 oa. 

5760  s 240  s 12  = 1 lb. 

2,  By  the  Apothecaries. 

Gnioi  Scruples  ' 

20  = 19 
00  9 d s 1 Dram  5 
480  = 24  = 8 = 1 Ounce  | 

5760  = 288  = 96  = 12  =s  I lb. 


Eft^lub  Weights.  By  the  27th  chapter  of  Magna 
Cbarta,  wrigbts  arc  to  be  the  same  all  over  England : 
but  for  difltirrnt  commodities  there  arc  two  diflerent  kinds, 
viz,  (roy  weight,  and  avoirdupois  weight. 

The  origin  from  which  both  of  these  are  raised,  is  the 
grain  of  wheat,  gathered  in  the  middle  of  (he  ear : 

32  of  these,  well  dried,  made  one  pennyweight, 

20  pennyweights  . - - one  ounce,  and 

12  ounces  - . - • • one  pound  troy; 

by  SU(,  51  Hen.  Ill ; 31  EJw.  I ; 12  Hen.  VII. 

A learned  writer  has  shown  that,  by  the  laws  of  assize, 
from  William  the  Conqueror  to  tbc  reign  of  Henry  Vll, 
the  legal  pound  weight  contained  a pound  of  12  ounces, 
raisi'd  from  32  grains  of  wheat;  and  the  legal  gallon  mea- 
sure contained  8 of  those  pounds  of  wheat,  8 gallons  mak- 
ing the  bushel,  and  8 bushels  the  quarter. 

Henry  V'll.  altered  the  old  English  weight,  and  intro- 
duced the  troy  pound  in  its  stead,  being  3 quarters  of  an 
ounce  only  heavier  than  the  old  Saxon  pound,  or  l-16th 
heavier.  Tbc  first  statute  that  directs  the  use  of  the  avoir- 
dupois weight,  is  that  of  24  Henry  VIII ; and  the  parti- 
cular use  to  which  this  weight  is  thus  directed,  is  simply 
for  weighing  butcher's  meat  In  the  market;  though  it  is 
now  used  fur  weighing  all  kinds  of  coarse  and  large  articles. 
This  pound  contains  7000  troy  grains;  while  the  troy 
pound  itself  contains  only  5?60  grains,  and  the  old  Saxon 
pound  weight  but  5400  grains.  Philos.  Trans,  vol.  65, 
art.  3. 

Hence  there  are  now  in  common  use  in  England,  two 
difh-Tcni  weights,  viz,  troy  weight,  and  avoirdupois  weight, 
the  former  being  employed  in  weighing  such  fine'articics 
as  jewels,  gold,  silver,  silk,  liquors,  fitc : and  the  latter  for 
coarse  and  heavy  articles,  as  breud,  corn,  fli-sh,  butter, 
cheese,  tallow,  pilch,  tar,  iron,  copper,  tin,  3cc,  and  all 
grocery  wares.  And  Mr.  Ward  supposes  that  it  was 
brought  into  use  from  (his  circumstance,  viz,  as  it  was 
customary  to  allow  larger  weight,  of  such  coarse  articles, 


Table  qf  Avoirdupois  ffeigki. 

Dranu  Ooacei 

16  s 1 

256  SB  16  = lib. 

7168  =:  448  ss  28  = 1 quar. 

28672=  1792=  112=  4=  icwe. 

573440  = 35840  = 2240  = 80  = 20  = 1 ton. 

Mr.  Ferguson  (Lect.  on  Mcch.  pa.  100,  4to)  gives  the 
following  coro|terison  between  troy  and  avoirdupois  weight. 
175  troy  pounds  arc  equal  to  144  avoirdup.  pounds. 
175  troy  ounces  are  equal  to  192  avoirdup.  ouiKca. 

1 troy  pound  contains  576o  grains. 

1 avoirdupois  pound  contains  7000  grains. 

1 avoirdupois  ounce  contains  437t 
1 avoirdupois  dram  contains  27*34375  grains. 

1 troy  pound  coatains  13  oz.  2*651428576  drams 
avoirdupois 

1 avoirdup. lb. contains  lib.  2oz.  lldwts  l6gr.  troy 
The  moneyers.  jewellers,  fitc,  have  a particular  class  of 
weights,  for  gold  and  precious  stontt,  vii,  carat  and  grain, 
the  carat  being  24  grains;  and  for  silver,  the  pennyweight 
and  grain.  The  first  have  also  a peculiar  subdivision  of 
the  troy  grain  : thus,  dividing 

the  grain  into  20  mites 
tbc  mite  into  24  droits 
the  droit  into  20  periots 
the  pcriotinto24  blanks. 

The  dealers  in  wool  have  likewiK*  a particular  set  of 
weights;  viz,  the  sack,  weigh,  tod,  stone,  and  clove,  the 
proportions  of  which  arc  as  below  : viz, 
the  sack  containing  2 weighs 
the  weigh  - • O'l  tods 

the  tod  - • - 2 stones 

the  stone  • - 2 cloves 

the  clove  - . - 7 pounds. 

Also  12  sacks  make  a last  or  4368  pounds. 
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Farther, 

56  lb  of  old  hay,  or  60lb  netr  bay,  make  a truss. 

40  Ih  of  straw  make  a truss. 

S6  trusses  make  a load,  of  hay  or  straw. 

14  lb  make  a stone.  • 

5 lb  of  glass  a stone. 

FrencA  WEIGHTS.  The  common  or  Paris  old  pound 
weight,  is  to  the  English  troy  pound,  as  31  to  16,  and  to 
the  avoirdupois  pound  as  37  to  25  ; it  therefore  contains 
7560  troy  grains;  and  it  is  divided  into  16  ounces  like 
the  pound  avoirdupois,  but  more  particularly  thus:  the 
pound  into  2 marcs ; (he  marc  into  8 ounces;  the  ounce 
into  6 gros,  or  drams;  the  gross  or  dram  into  3 demers, 
Paris  scruples  or  pennyweights;  and  the  pennyweight  into 
24 grains;  the  grain  Wing  an  equivalent  to  a grain  ^f 
wheat.  So  (hat  (be  Pads  M|pce  conttiins  472^  troy  grains, 
and  therefore  it  b to  the  English  troy  ounce  as  63  to  64. 
But  in  several  of  the  French  provinces,  (be  pound  is  of 
other  dilTerent  weights.  A quintal  is  equal  to  100  pounds. 


TtMe  <if  old  FrcftcA 


Praoch. 

I Pound 
1 Marc 
1 Ounce 
1 Gros 
1 ^ruplc 
1 Grain 


Weights  with  the  Equivalenl  in  7Vqy  and 
Avoirdupois  Weight, 


ox. 

Tnay. 

d«i. 

Avoirdopoit, 

OK.  dn. 

hdt. 

15 

14 

20 

17 

4 

3* 

7 

17 

10 

8 

10 

17 

19 

16} 

1 

1 

27 

3 

11 

2 

16 

r 

72 

i 

03  ' 

The  new  French  weights  are  those  which  have  for  their 
measure  a UDit,*callcd  a gramme.  This  gninime  is  the 
absolute  weight  of  the  cube  of  the  centimetre,  or  100th 
part  of  the  metre,  or  English  icet,  of  distilled  Water, 
taken  at  its  maximum  of  dertsity  ; and  answers  to  I9  Paris 
grains,  or  to  15^  English  grains.  The  kilogranune,  or  the 
weight  of  a 1000  grammes,  is  equal  to  about  32^  troy 
ounces.  Sec  tbe  article  MEasukts. 

Tbe  weights  above  enumerated  under  the  two  articles 
of  English  and  French  weights,  arc  the  same  as  arc  used 
throughout  the  greatest  part  of  Europe;  only  under  some- 
what different  names,  divisions,  and  proportions.  And 
beddes,  particular  nations  have  also  certain  weights  pe- 
culiar to  themselves,  of  too  little  consequence  here  to  be 
enumerated.  But  to  show  the  proportion  of  these  several 
weights  to  one  another,  there  may  be  here  added  a reduc- 
tion of  the  divers  pounds  in  use  throughout  Europe,  by 
which  the  other  weights  are  estimated,  to  one  standard 
pound,  via,  the  old  pound  of  Amsterdam,  Paris,  and  Bour- 
deaux  ; as  they  were  accurately  calculated  by  M.  Ricard, 
and  published  in  the  new  edition  of  bb  Traitfc  de  Com- 
merce in  1723. 


iVoporrioaqf  rAe  Weights  qftke  chief  Cities  inEuropCy  to 
that  <if  Amsterdam,  or  the  old  FmcA  Pound, 

100  pounds  of  Amsterdam  arc  equal  to 


lOSlbsof  Alicant 

95f  lbs  of  Bergen,  Norw. 

105 

Antwerp 

Ill 

Bern  * 

120 

Archangel,  or 

100 

Besan^on 

3 poedes 

100 

Bilboa 

105 

Arsebot 

105 

Bois  Ic  Due 

120 

Avignon 

151 

Bologna 

98 

Basil 

100 

Bourdeaux 

100 

Bayonne 

104 

BourgeoBresse 

166 

Bergamo 

’ 103 

Bremen 

97 

Berg,  op  Zoom 

125 

Breslaw 

Weights  contisaud. 


105  lbs  of  Bruges 

lUlba 

ul  Madrid 

K)5 

Brussels  • 

105 

MHlinrs 

lOi 

Cadis 

1334 

Marseilles 

)0i 

Cologne 

154 

Messina 

107{ 

Copenhagen 

168 

Milan 

8? 

Constantinople 

120 

Munipelicr 

Il3i 

Dunuic 

125 

Muscovy 

|UU 

Dort 

100 

N anti's 

Dublin 

100 

Nancy 

97 

Edinburgh 

169 

Naples 

143 

Fiorence 

Nurembere 

98 

I'ranckfort,  sur 

100 

Pans 

Maine 

112^ 

Revel 

103 

Gaunt 

109 

Riga 

89 

Geneva 

100 

Hocbel 

16'3 

Genoa 

146 

Home 

102 

Hamburg 

100 

Rotterdam 

135  Koiiingsberg  9^  Rtmen 

105  Leipsic  KtO  S.  Malo 

100  Leydeu  100  S.  Sebastian 

143  Leghorn  158y  Saragosa 

105^  Liege  lOQ  Seville 

106  Lisbon  114  Smyrna 

•114  Lisle  110  Stetm 

109  London,  avoirdu-  81  St«Krkholm 

pois  118  Thulduse 

105  Louvain  151  Turin 

105  Lubeck  158^  Valencia 

141x  Lucca  182  Venice 

116  Lyons 

Ancient  Weights. 

1.  Tbe  weights  of  the  ancient  Jews,  reduced  to  the 
English  troy  weights,  will  stand  as  below : 

R>  ox  dwt  fcr 

Shekel  - - 0 0 9 2f 

Manch  - * 2 3 6 10| 

Talent  • • 113  10  1 10^ 

2.  Grecian  and  Roman  weights,  reduced  to  English 
troy  weight,  are  as  in  the  following  table  : 

dwi 


Lentes 

Siliqux 
Obolus 
Scriptulum 
Drachma  - 
Sex  tula  - 
Sicilicus  - 
Duella 
Vneia 
Libra 


0 0^ 
0 3,V 
0 9tV 
0 18^ 

2 6^ 

3 O7 

4 ]3| 

6*  H 

8 54 

10  18  13f 


The  Roman  ounce  is  the  English  avoirdupois  ounce, 
which  they  divide  into  7 denarii,  as  well  as  8 drachms; 
and  as  they  reckoned  their  denarius  equal  to  the  Attic 
drachm,  this  will  make  the  Attic  weights  one-eighth 
hcavierthan  the  correspondent  Roman  weights.  Arbuth* 
Regulation  qf  Weights  and  Measures. — This  is  a 
branch  nf  the  king's  prerogative.  For  the  public  conve- 
nience, these  ought  to  be  universally  tJiesamc  throughout 
the  nation,  the  better  to  reduce  the  prices  of  arliclcs  to 
equivalent  values.  But  us  weight  and  measure  are  things 
in  their  nature  arbitrary  and  uncertain,  it  is  necessary 
thul  they  be  reduced  to  some  ffxed  rule  or  standard.  It 
is  however  impossible  to  fix  such  a standard  by  any  writ- 
U’D  law  or  oral  proclamation ; as  no  person  can, . by 
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'fordt  only,  give  to  another  an  adequate  idea  of  a pound 
weight,  or  foot-rule.  It  is  therefore  expedient  to  have 
recourse  to  some  visible,  palpable,  material  standard  ; by 
forming  a comparison  with  which  all  weights  and  mea- 
sures may  be  reduced  to  one  uniform  sixe.  Such  a 
standard  was  anciently  kept  at  Winchester:  and  we  find 
in  the  laws  of  king  li^gar,  near  a century  before  the  con- 
quest, an  injunction  that  that  measure  should  be  observed 
throughout  the  realm. 

Most  nations  have  regulated  the  standard  of  measures 
of  length  from  some  ports  of  the  human  body;  as  the 
palm,  the  hand,  the  span,  the  foot,  (he  cubic,  the  ell  (uAia 
or  arm),  the  puce,  and  the  fuiboro.  But  as  these  are  of 
diflfereni  dimensiuos  in  men  of  diflerenC  proportions,  an- 
cient historians  inform  us,  that  a new  standard  of  length 
was  fived  by  our  king  Henry  the  first;  who  command- 
ed that  the  ulna  or  ancient  ell,  which  answers  to  the 
modern  yard,'  should  be  made  of  the  exact  length  of  bis 
own  arm. 

A standard  of  long  measure  bring  once  obtained,  all 
others  arc  easily  derived  from  it;  those  of  greater  length 
by  multiplying  that  oiiginal  standard,  those  of  less  by 
dividing  it.'  Thu-,  by  the  statute  called  com^H/sitio  ui- 
iiarum  et  perticarum,  5}  yards  make  a perch  ; and  the 
yard  is  subdividr'd  into  3 feet,  and  each  foot  into  13 
inches;  which  inches  will  be  each  of  the  length  of  3 
barley-corns.  But  some,  on  the  contrary,  derive  all  mea- 
sures, hy  composition,  from  the  barley-corn. 

Superficial  measures  are  derived  by  squaring  those  of 
length;  and  measures  of  capacity  by  cubing  them. 

The  standard  of  weights  was  originally  taken  from 
grains  or  corns  of  wheal,  whence  our  lowest  denomina- 
tion of  weights  is  still  called  a grain  ; 32  of  which  ara 
directed,  by  the  statute  called  cumpnsitio  mensurarum, 
to  compose  a pennyweight,  20  of  which  make  an  ounce, 
and  12  ounces  a pound,  dec. 

Under  king  Richard  the  first  it  was  ordained,  that  there 
should  be  only  one  weight  and  one  measure  throughout 
the  nation,  and  that  the  custody  of  the  assise  or  standard 
of  weights  and  measures,  should  be  committed  to  certain 
persons  in  every  city  and  borough  ; whence  the  ancient 
office  of  the  king’s  ulnager  seems  to  have  been  derived. 
These  original  standards  wore  called  pondus  regU,  and 
mensura  domini  regis,  and  arc  directed  by  a variety  of 
subsequent  statutes  to  be  kept  in  the  exchequer  chamber, 
by  an  officer  called  ^hc  clerk  of  the  market,  except  the 
wine  gallon,  which  is  committed  to  the  city  of  London, 
and  kept  in  Guildhall.  . 

The  Scottish  standards  arc  distributed  among  the  oldest 
boroughs.  The  elwand  is  kept  at  fc^inburgh,  the  pint  at 
Stirling,  the  pound  at  Lanark,  and  the  firlot  at  Liiililh- 
gow. 

The  two  principal  weights  established  In  GreatBrilain, 
are  troy  weight  and  avoirdupois  weight,  as  before  men- 
tioned. Under  the  head  of  the  former  it  may  iarther  be 
added,  that 

A carat  is  a weight  of  4 grains;  but  when  the  term  is 
applied  to  gold,  it  denotes  the  degree  of  fineness.  Any 
quantity  of  gold  is  supposed  divided  into  24  parts.  If  the 
whole  mass  be  pure  gold,  it  is  said  to  be  24  carats  fine  ; 
if  there  be  23  parts  of  pure  gold,  and  one  part  of  alloy 
or  base  metal,  it  is  said  to  be  23  carats  fine,  and  so  on. 

Pure  gold  is  too  soft  to  be  used  for  coin.  The  standard 
coin  of  this  kingdom  is  22  carats  fine.  A pound  of  stan- 


dard gold  is  coined  into  44|  guineas,  and  therefore  every 
guinea  should  weigh  5 dwts  9^|  grains. 

A pound  of  silver  fur  coin  contains  11  os  2 dwts  pure 
silver,  and  18  dwts  alloy:  and  standard  silver-plate,  II 
ounces  pure  silver,  with  1 ounce  alloy.  A pound  of 
standard  silver  is  coined  into  62  shiliiags;  and  therefore 
the  weight  of  a shilling  should  be  3 dwts  20i*  grains. 

Un/versaJ  Siatidard  /br  Weights  nnd  measures. 

Philosophers,  from  their  habits  of  generalizing,  have 
often  made  speculations  for  forming  a general  standard 
for  weights  and  measures  through  the  whole  world.  These 
have  been  devised  chiefly  of  a philosophical  nature,  as 
best  adapted  to  universality.  After  the  invention  of  pen- 
dulum clocks,  it  first  occurred  that  the  length  of  a pen- 
dulum which  should  vibrate  seconds,  would  be  proper  to 
be  made  a universal  standard  for  lengths  ; whether  it 
should  be  c.illed  a yard,  or  any  thing  else.  But  it  was 
found,  that  it  would  be  difficult  in  practice,  to  measure 
and  determine  the  true  length  of  such  a pt'iidulum,  that 
is  the  distance  between  the  point  of  suspension  and  the 
point  of  oscillation.  Another  cause  of  inaccuracy  was 
afterwards  discovered,  when  it  \sas  found  that  the  seconds 
pendulum  was  of  difierent  lengths  in  all  (he  different  lati- 
tudes, owing  to  the  spheroidal  figure  of  the  earth,  which 
causes  that  all  plact*s  in  diffen  ni  latitudes  are  at  different 
distances  from  the  centre,  and  consequently  the  pendu- 
lums are  acted  on  by  different  forces  of  gravity,  and 
tberefore  require  4o  be  of  different  lengths.  In  the  lati- 
tude of  London  this  is  found  to  be  39r  inches. 

The  Society  uf  Arts  in  London,  among  (heir  many 
laudable  and  patriotic  endeavours,  offered  a handsome 
premium  for  the  discovery  of  a proper  standard  for 
weights  and  measures.  This  brought  them  many  expe- 
dients, but  none  that  merited  any  attention,  except  one, 
an  improvement  in  the  method  of  the  pendulum,  by  Mr. 
Hatton,  in  the  year  1779*  *^his  consisted  in  the  applica- 
tion of  a moveable  point  of  suspension  to  one  and  the 
same  pendulum,  in  order  to  produce  the  full  and  absolute 
cfftcl  of  two  pendulums,  the  difference  of  whose  lengths 
was  the  intended  measure.  Hero  also  the  ratio  of  their 
lengths  was  easily  determined,  from  observing  the  number 
of  vibrations  performed  in  a given  lime  at  each  point  of 
suspension**  Whence  there  being  two  equations  and  two 
unknown  quantities,  the  actuallengihs  of  the  pendulums 
themselves  might  be  readily  deduced  by  simple  algebraic 
rules. 

The  late  ingenious  Mr,  Whitehurst  touch  improved  on 
Mr.  Hatton’s  original  notion,  in  his  essay  published  in 
1787  under  the  title  uf  *'  An  attempt  towards  obtaining 
invariable  Measures  of  Length,  Capacity,'  and  W'etght, 
from  tlic  Mensuration  of  ’lime,  &c.”  Mr.  ^Vhitehurs^’s 
proposal  is  to  obtain  a measure  of  the  greatest  length 
that  conveniency  will  penult,  from  two  pendulums  whose 
vibrations  are  in  the  ratio  of  2 to  1,  and  whose  length 
coincide  with  the  English  standard  in  whole  numbers.  His 
numbers  were  chosen  with  considerable  judgment  and 
skill.  On  a supposition  that  the  length  of  the  seconds 
pendulum,  in  the  latitude  uf  London,  is  39?  inches,  the 
length  of  one  vibrating  42  times  in  a minute  must  be 
80  inches;  and  that' o#  another  vibrating  8f  timesioa 
minute  roust  be  20  inches  ; (heir  difference  6o  inches,  or 
3 feet  is  his  standard  measure.  The  difference  of  the 
lengths  of  two  pendulums,  however,  resuhing  from  bis 
experiment,  was  39  B9^  inches,  instead  of  60,  the  dif- 
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ferencc  being  occasioned  by  an  error  in  tbe  original  as* 
sumption  of  39  2 inches  instead  of  39*128  or  39|  inches, 
as  it  is  very  nearly,  brill,  Mr.  Whitehurst  lias  accom* 
plisbed  a principal  part  of  his  grand  design,  by  showing 
bnw  an  invariable  standard  may  always  be  found  fur  the 
tame  latitude.  Uut  this  is  by  no  means  all  that  is 
wanted. 

The  French  philosophers  have  gone  much  farther,  and 
have  very  Judiciously  deduced  the  measures  of  capacity, 
and  those  of  weight  from  the  standard  linear  measure; 
con6ning  themselves  tliroughoui  to  the  decimal  divi> 
sion. 

But  their  system  is  liable  to  this  heavy  objection,  that 
it  depends  on  an  accurate  measure  of  a quarter  meridian 
of  the  earth,  at  the  same  time  that  no  such  accurate  mea- 
sure has  as  yet  been  obtained;  and  ut  the  same  time  pro* 
bably  that  the  meridians  dilTcr  so  widely  among  themsilves 
ms  to  leave  no  reasonable  expectation  that  a correct  iue> 
dium  length  of  a meridian  will  ever  be  found. 

Some  other  method  then  must  be  resorted  to,  if  we  wish 
to  obtain  a universal  measure, which  at  the  same  time  that  it 
shall  be  invariable,  shall  be  easily  recovered  on  the  sup> 
position  that  the  actual  standard  is  lost.  Perhaps  the 
least  objectionable  way  would  be  to  lake  for  the  lenslh 
of  the  metre  the  length  of  a simple  pendulum  vibrating 
seconds  at  the  equator,  at  a certain  height  above  the  sur- 
face of  the  sea,  when  tbe  thermometer  is  at  a fLxvd  me- 
dium temperature : the  length  of  the  qjietro  would  then 
be  about  39‘027  English  inebt's,  instead  of  39'370^J3, 
the  metre  of  the  new  French  system.  The  magnitude  of 
the  an',  tlie  stere,  the  gramme,  &c,  (or  any  other  terms 
thought  proper  to  introduce  for  similar  purposes),  might 
have  the  same  relations  to  the  metre  as  in  the  French 
s^tem.  Thus  should  we  possess  a standard  taken  from 
the  gravitating  force  of  the  globe  we  inhabit,  and  which 
might  be  safely  considered  as  invariable^  so  long  as  the 
constitution  of  the  earth  and  its  time  of  rotation  remain 
thesame. 

The  material  standard  itself  also  might  be  chosen  of 
some  shape  that  should  possess  the  double  advantage  of 
being  little  affected  by  changes  of  temperature,  and  Wing 
a pendulum  whose  distance  between  the  point  of  suspen- 
sion and  centre  of  oscillation,  should  be  exactly  equal 
to  a fixed  dimension  of  the  pendulum  that  might  readily 
be  measured  wiib  exactness.  Such  a body  we  have  in  a 
right-angled  c«ne,  or  one  the  diameter  of  whove  base  is 
equal  to  its  altitude;  for  when  this  cone  is  suspended  by 
its  vertex  as  a centre  of  motion,  the  centre  ofotcillalion 
is  in  tbe  ccntr.e  of  the  base;  and  when  it  is  suspended  by 
its  base,  the  centr**  of  oscillation  coincides  with  the  ver- 
tex of  the  solid;  the  length  of  tbe  isochronous  simple 
pendulum  being  in  both  cases  equal  to  the  altitude  of 
the  cone,  or  to  the  diameter  of  its  ba«ic. 

The  universal  standard  for  lengths  being  once  esta- 
blished, those  of  weights,  &e,  evidently  follow.  For  in- 
stance, a vessel  of  certain  dimensions,  being  filled  with 
distilled  water,  or  some  other  homogeneous  matter;  the 
weight  of  that  may  be  considered  as  a standard  for  weights. 
Sec  also  our  article  Measure. 

WEIGHT  of  the  Air,  Water,  4^*  Sec  those  articles 
severally.  See  aUo  Specific  Gravity. 

WERNER  (John),  of  Nuremberg,  was  born  in  1463 
aud  died  1328,  and  appears  to  have  been  the  best  maihe- 
tnatician  of  bis  time,  being  highly  distinguished  as  an 


astronomer,  a geometrician,  ^c,  and  well  deserving  of 
being  better  known  than  be  is,  having  contributed  by  his 
writings  on  tngoiioiai’iry,  and  other  parts  ol  the  iiiatbe- 
matics,  to  diiluM*  a taste  for  tbe>e  scu  tices.  It  nppehrs 
that  he  wrote  3 books  on  triangles.  Jn  his  time  the  use 
of  the  cross-staff  began  to  be  introduced  among  seamen  ; 
this  ancunt  iiistrumt-nt  being  described  by  him,  in  his 
Aunotationv  on  the  first  hook  of  Ptolemy’s  Geography, 
primed  in  1514;  where  he  recommends  it  for  ob«erving 
(he  distance  btiween  the  moon  and  s^>me  star,  in  order 
thence  to  deiermiiie  the  longitude.  In  1522,  he  published 
Opera  Mallieuiiitica  at  Nuremberg,  in  4io,  containing  a 
speciini;n  of  the  Conics,  with  some  solid  pri»blcms,  and  m 
which  also  he  diiiTimncd  the  prreevsiun  of  the  equinox 
more  exactly  t .an  it  had  before  b«‘eu  dom-. 

WKKb'r,  a Hussiau  measure  of  length,  equal  to  3500 
English  feel,  or  \ ot  an  English  mile. 

WEbT,  one  of  the  cardinal  points  of  tbe  borison,  or 
of  the  Compass,  tiiamctticaily  opposite  to  the  cast,  or 
lying  on  iht-  leu  hand  when  wc  fare  tbe  north.  Or  west 
is  strictly  the  inlcrscctiou  of  the  prime  vertical  with  the 
horiion,  on  tliat  side  where  the  sun  sets. 

>Vb:sT  ffV/u/,  is  also  called  Zephyrus,  and  Favonius. 

Wr.sT  Oitii.  S«t'  I)iAL. 

WESTERN  A»tpiiiut/Cf  //orittwi.  Ocean,  See  the  se- 
veral articles. 

WEbTiNG,  in  Navigation,  is  tbe  quantity  of  departure 
made  g4)dd  to  the  westward  from  the  meridian. 

WEY.  Sev  Weigh. 

WHALF.,  in  Astronomy,  one  of  the  constellations. 
SecC’ETUS.  • 

WHEEL,  in  Mechanics,  a simple  machine,  consisting 
of  a circular  piece  of  wootl,  metal,  or  other  matter,  that 
revulvi«  on  au  axis.  This  is  otherwivo  called  Wheel  and 
Axle,  or  Axis  in  Pcritrochio,  as  a mechanical  power,  be- 
ing one  of  the  most  frequent  and  useful  of  any.  In  this 
capacity  of  it,  the  wheel  is  a kind  of  [>crpelual  lever,  and 
the  axis  another  lesser  one;  or  the  radius  of  the  wheel 
and  that  of  its  axis  may  Ik:  considered  as  the  lunger  and 
shorter  arms  of  a lever,  the  centre  of  the  wheel  being  the 
fulcrum  or  point  of  suspeiiMon.  Whence  it  is  that  tbe 
power  of  this  machine  is  estimated  by  this  rule : As  the 
radius  of  the  axis  is  to  the  radius  of  the  wheel  or  of  the 
circumference  ; so  is  any  given  power,  to  the  weight  it  will 
sustain. 

Wheels,  as  well  as  their  axes,  are  frequently  dented,  or 
cut  into  teeth,  and  are  then  of  use  on  many  occasions ; 
as  in  jacks,  clocks  mill-work,  &c;  by  which  means  they 
ire  capable  of  moving  and  aciiog  on  one  another,  and  of 
being  combined  together  to  any  extent;  tbe  teeth  either 
of  the  axis  or  circumference  working  in  those  of  other 
whtels  or  axles;  and  thus,  by  multiplying  the  power  to 
any  extent,  a very  great  effect  is  produced. 

To  cothpute  ike  poa.'cr  cif  a combinat/on  of  it  heels  i iho 
teeth  of  the  axis  of  every  wheel  acting  on  those  in  the 
circiimfiTcnce  of  the  next  following.  Multiply  coniiiiu- 
ally  together  the  radii  of  all  the  axes,  as  also  the  radii  of 
all  the  whet'U)  then  it  will  be,  as  the  former  product  is  to 
the  Utter,  so  is  a given  power  applied  to  the  circiiinlcr- 
ence,  to  the  weight  it  can  sustain.  Thus,  for  example,  in 
a combirialiou  of  five  wheels  and  axi<>$,  to  find  the  weight 
a man  can  sustain,  or  raise,  whose  force  \»  equal  to  150 
pounds,  the  radii  of  the  wheels  being  OOinebt's,  and  those 
of  the  axes  3 inches. 
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Here  3k  Sk  3*  3k  3 = 243, 

• and  30  K SO  * 30  K 30  K 30  = 24300000, 
tiierefure  as  243  : 24300000  : ; 150  : 15000000  lb,  the 
weight  he  can  sustain,  which  is  more  than  (»6.90'  tons 
weight.  So  prodigious  is  the  increase  of  power  in  n com- 
bination of  wheels!  * 

Uut  it  is  to  be  observed,  that  in  this,  as  well  as  every 
other  mechanical  engine,  whatever  is  gained  in  power,  is 
lost  in  lime  ; that  is,  the  weight  will  move  as  much  slower 
than  the  power,  as  the  force  is  increatetl  or  multiplied, 
which  in  the  example  above  is  lOOOOO  times  slower. 

Hence,  having  given  any  powCr,  and  the  weight  to  be 
rai:>c<l,  with  the  proportion  between  the  wheels  and  axles 
necessary  to  that  effect;  to  find  the  number  of  the  wheels 
and  axles.  Or,  iiaving  the  uuml>er*of  the  wheels  and 
axh*$  given,  to  hnd  the  ratio  of  the  radii  ofibe  wbecls  and 
axles.  Here,  putting*  • 

p ss  the  power  acting  on  the  last  wheel, 

• w = the  weight  to  be  r^sed, 
r 'sa  liie  radius  of  the  axles, 
a =thc  radius  of  the  wheels  • 

n =:  the  number  of  the  wheels  and  axles; 
then,  by  the  general  proportion,  as  r®  : k"  : :p  ; w;  there- 
fore pa*  = uT*  isa general  theorem,  from  whence  may  be 
found  any  one  of  these  five  letters  or  quantities,  when  the 
other  four  are  given.  Thus,  to  find  a the  number  of 
wheels:  we  have  first 

— = — , then  n = ^ . And  to  find  the  ra- 

^ P log,  a - lo^,  r 

tio  of  the  wheel  to  the  axle,  it  is  — = i/  — . 

f P 

WiiBXLs  qf  a (Sock,  Sfc,  arc,  the  crown  wheel,  confrat 
wheel,  great  wheel,  second  wheel,  third  wheel,  striking 
wheel,  detent  wheel,  dec. 

WiiBBLs  of  Coaches,  CarU,  Waggons,  Sfc.  With  re- 
spect to  wheels  of  carriages,  the  following  particulars  are 
collected  from  the  experiments  and  observatiuhs  of  Desa- 
gulicrs,  Bcigbton,  Camus,  Ferguson,  Jacob,  5cc. 

1.  The  use  of  wheels,  in  carriages,  is  twofold  ; viz,  that 
of  diminishing  or  more  easily  overcoming  (he  n-sistaiicc  or 
friction  from  the  carriage  ; and  that  of  mure  easily  over- 
coming obstacles  in  the  road.  In  the  ffrst  case,  the  fric- 
tion on  the  ground  is  transferred  in  some  degree  from  the 
outer  surface  of  the  wheel  to  its  nave  and  axle;  and  in 
the  latter,  they  serve  easily  to  raise  the  carnage  over  ob- 
stacles and  asperities  met  with  on  the  ru^ds.  In  botb  these 
cases,  (he  height  of  the  wheel  is  of  material  consideration, 
as  the  spokes  act  as  Icvcn,  the  top  of  an  obstacle-  being  (hr 
fulcrum,  their  length  enables  the  carriage  more  easily  to 
surmount  them  ; and  the  greater  proportion  of  the  wheel 
to  the  axle  serves  more  easily  to  diminish  or  to  overcome 
the  friction  of  the  axle.  5^c  Jacob’s  Observations  on 
Wheel  Carriages,  pa.23£ec. 

2.  The  wheels  should  be  exactly  round  ; and  the  fellies 
at  right  angles  to  the  naves,  according  to  the  incUnuiiou  of 
the  spokes. 

.3-  It  is  the  most  general  opinion,  that  the  spokes  be 
suinewhal  inclined  to  the  naves,  so  (hat  the  wheels  may  be 
dishing  or  concave.  Indeed  if  the  wheels  were  always  to 
roll  on  smooth  and  level  ground,  it  would  be  best  to  make 
the  spokes  perpendicular  to  the  naves,  or  to  the  axles; 
iK'causC  they  would  then  bear  the  weight  of  the  load  per- 
pendicularly. Dut  because  the  ground  is  commonly  un- 
even, one  wheel  often  falls  into  a cavity  or  rut,  when  the. 
other  d(M’S  not,  and  then  it  sustaini  much  more  of  the 
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weight  than  the  other  does ; in  which  case  it  ii  best  for 
the  wheels  to  be  dished,  becHUse  the  spokes  become  per- 
pendicular in  the  rut,  and  thereh'rc  have  the  grcatt‘st 
strength  when  the  obliquity  of  the  road  throws  most  of 
the  weight  on  them  ; while  those  on  the  high  ground  have 
leas  weight  to  bear,  and  therefore  need  not  be  at  their  full 
strength.  ' 

4.  The  axles  of  the  wheels  should  be  quite  straight, 
and  perpendicular  to  the  'khafts,  «r  to  the  pole.  When 
the  axles  arc  straight,  the  rims  of  the  wheels  nill  bt-  pa- 
rallel to  each  other,  iu  which  ca»c  they  will  move  the 
easiest,  because  they  will  be  at  liberty  to  proceed  stmight 
forwards.  But  in  the  usual  way  of  practice,  the  ends  of 
the  axles  arc  bent  downwards;  which  always  keeps  the 
udes  of  the  wheels  that  arc  ne.\l  the  grountl  nearer  to  i-nch 
other  than  their  upper  sides  are  ;*and  this  not  only  makes 
the  wheels  drag  sideways  as  they  go  along,  and  gives  the 
load  a much  greater  power  of  crushing  them  than  when 
(hey  are  parallel  to  each  other,  but  also  endangers  the 
overturning  the  carriage  when  a wheel  falls  into  a hole  or 
rut,  or  when  the  carriage  goes  on  a road  ttjai  has  one  side 
lover  than  the  other,  as  along  the  side  of  a bill.  Mr. 

however  has  offered  M-veral  reasons  toprove  that 
the  axles  of  wheels  ought  not  to  be  straight ; for  which  see 
Desaguliers's  Fxp.  Phil,  vol.2,  Appendix. 

5.  Large  wheelsarc  found  more  advantageous  for  rolling 
than  small  ones,  both  with  r<-gard  to  (heir  power  as  a longer 
lever,  and  to  the  degree  of  friction,  and  to  the  advantage 
in  getting  over  boles,  rubs, and  stones,  &c.  If  we  consider 
whi'rls  with  regard  to  the  friction  on  their  axles,  it  tsevL 
dent  that  small  wheels,  by  turning  oftencr  round,  and 
swifter  about  the  axles,  than  large  ones,  must  have  much 
more  friction.  Again,  if  we  consider  wheels  as  they  sink 
into  holes  or  soft  earth,  the  large  wheels,  by  sinking  less, 
must  be  much  t-asier  drawn  out  of  them,  as  well  as  more 
easily  over  stones  and  obstacles,  from  their  greater  length 
of  lever  nr  spokes.  Dcsaguliers  has  brought  this  matter 
to  a mathematical  calculation,  in  his  Kxperim.  Philos, 
vol.  1,  pa.  171,  &c.  See  also  Jacob’s  Obsrrv.  pa.  63. 

Hence  it  appears  then,  that  whrcls  are  the  more  advan- 
tageous as  they  arc  larger,  provided  they  arc  not  more 
than  5 or  6 feel  diameter;  for  when  they  exceed  these 
dimensions,  they  become  too  heavy  ; or  if  they  are  made 
light,  their  strength  is  proportionably  diminished,  and  the 
length  nf  the  spokes  renders  them  more  liable  to  break  ; 
bl'^ides,  horses  applied  to  such  wheels  would  nut  be  ca- 
pable of  exerting  their  utmost  strength,,  by  having  the 
axles  higher  than  their  breasts,  so  that  they  would  draw 
downwards ; which  is  even  a greater  disadvantage  than 
small  whet-lj  have  iu  occasioning  the  horses  to  draw  up- 
wards. * ^ 

6.  Carriages  with  4 wheels,  as  waggons  or  coaches,  are 
much  more  advantageous  than  carriages  with  2 wheels,  as 
carts  and  chaises ; for,  with  2 wheels  it  is  plain  the  tiller 
horse  carries  part  of  the  weight,  iu  one  way  or  other  : in 
going  down  hill,  the  weight  b'*ars  on  the  horse ; and  in 
going  up  hill,  the  weight  ialU  tljc  oibir  way,  and  lifts  the 
horse,  which  is  still  worse.  Bt  si^es,  as  the  wheels  sink 
into  the  holes  in  the  n»ads  on  different  sides,  the  shaiis 
strike  against  the  tiller’*  sides,  which  occasions  the  death 
of  many  horses:  moreover,  whenorM-of  the  whcch sinks 

. into  a hole  or  rut,  half  the  weight  falls  that  way,  which 
endangers  the  overturning  of  the  Carriage. 

7.  it  would  be  much  mure  advantageous  tu  make  tha 
4 wheels  of  a coach  or  waggon  large,  and  nearly  of  a 
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heijeht,  rttan  to  make  the  fore  wheels  of  only  half  the  dia- 
metvi  ul'  the  himt  wix'elh,  as  is  u^ual  in  many  pUc>>8.  Tbe« 
tore  vrhe^'ts  have  commonly  been  made  ot  ti  h-ss  size  than 
the  hind  ones,  both  on  account  of  turning  short,  and  to 
as'uid  cutting  th«  braces.  Oane-necks  haw  alto  own  in- 
vented for  turning  >ei  shorter,  and  the  fore  wheels  have 
been  lowered,  so  us  to  go  quite  under  the  bend  of  the 
cratie-nccJt.  , 

It  is  accounted  a grv^it  dishdvantngc  in  small  wheels, 
that  as  their  axle  is  ladow  ibeH>ow  ol  ihe  horxes'  bioaats, 
the  horses  nut  only  have  the  luade<i  carnage  todiaw  aloug, 
but  a'so  part  of  its  weight  to  bear,-which  tiies  tbeui  soon, 
and  makes  them  grow  niuch  slider  in  their  hams,  llian  they 
would  if  they  drew  on  a level  with  the  fore  axle. 

Rut  Mr.  ^luhion  disputes  the  propriety  of  Hxing  the 
line  of  trartioii  on  a level  with  the  brea>t  of  a horse,  and 
says  It  is  Coottmy  to  re.,soii  aud  ex|K-riencc.  Horses,  he 
says,  have  little  or  no  power  to  draw  but  what  they  derive 
from  tl»(  ir  wett^ht ; without  w btch  ihiy  could  not  take  bold 
of  the  ground,  and  then  they  must  slip,  and  draw  nothing. 
Common  experience  ai^o  teachi's,  that  a horse  must  have 
a certain  weight  on  his  back  or  shoulders,  that  he  iifay 
draw  the  better.  And  when  a horse  draws  hard,  it  h ol^ 
K rved  tlitu  he  b<’nds  lurward,  and  bniigs  bis  breast  near 
the  ground  i and  then  if  the  wheels  aio  high,  he  is  pulling 
the  carnage  against  the  ground.  A horse  tackled  in  a 
waggon  wit!  draw  tw  • or  three  ton,  tietlause  the  point  or 
line  of  traction  is  below  his  brea>t,  by  the  low  ness  of  the 
whi'ds.  It  is  aUo  common  to  see,  when  one  horse  is  draw- 
ing a heavy  load,  e>prciHily  up  hill,  his  fore  Icet  will  rise 
from  the  ground  ; m which  Case  it  is  usual  to  add  a weight 
on  bis  back,  to  keep  hiv  fore  part  down,  by  a person  mount- 
ing on  bis  back  or  shoulders,  which  will  enable  him  todraw 
that  load,  which  be  cou  d not  move  before.  The  great- 
est stress,  or  main  business  of  drawing,  says  this  ingenious 
writer,  is  to  overcome  obstiiclcs ; for  on  level  plains  the 
drawing  is  but  little,  and  then  the  horse's  ^ack  need  be 
press'll  but  with  a small  weight. 

8.  The  utility  of  broad  nheeU,  in  amending  and  pre- 
serving the  roads,  has  bei-n  so  long  and  general^  acknuw- 
ledgid,  as  to  have  occasioned  (br  legislature  to  enforce 
their  use.  At  tbe  same  lime,  the  proprietors  and  drivers 
of  carriages  seem  to  be  ctinviiiced  by  experience,  that  a 
narrow -whetded  carriage  is  mure  easily  andspei  dily  drawn 
by  the  same  number  ot  burses,  than  a broad-wheclei!  one 
of  the  same  burthen  : probably  because  they  are  much 
lighter,  and  have  less  friction  on  tlie  axle. 

On  the  Hubjeci  of  this  article,  si*e  Jacob’s  Observ.  8rc. 
on  WhfX'l-Carriages,  1775,  pa.  81;  Ifesagul- Rx  per.  Phil, 
vnl.  1.  pa  301  ; Martin's  Pnil.Bni.  vol.  1,  and 

Brewster's  valuable  edition  Of  Ferguson's  Lectures,  Loth 
the  work  itw  lf  and  the  Appendix  to  the  same,  where  ws 
veral  new  observations  &c.  aregiven  on  this  Mibject.  See 
also  the  RcqKirt  of  the  Cominillee  of  the  Mouse  of  Com- 
mons, on  Acts  regarding  the  use  of  Broad  Wheels,  and 
other  matters  relating  to  the  Preservation  ot  the  Public 
Roads.— .Abridged  in  the  fle^nritory  of  Arts,  No, 64,  New 
Series. 

Blowing  WiiCLL,  is  a machine  Cfintrived  hy  Desagu- 
liers,  fi*r  drawing  the  foul  air  out  of  any  place,  or  for 
forcing  in  Irenh,  or  doing  both  successively,  without  open- 
ing doom  or  windows.  See  Philos.  Trans.  No.  437.  The^ 
inteiiinm  of  this  mucbinc  is  ilic  same  as  that  of  Hahs’s 
ventilator,  but  not  lu  effectual,  nor  so  convenient.  See 
Desag.  Exper.  Pbilo*.  vol.2,  pa.  563,  568. — This  wheel  is 


aUo  railed  a centrifvgal  wheel,  because  it  drives  the  air 
with  a centrifugal  force. 

IVnter  Wiikiil,  of  a Mill,  that  which  receives  the  im- 
pulse of  (he  Htream  by  rat*ans  of  ladle-boards  or  6i>at- 
floardH.  M.  P.irent,  of  the  Academy  of  bcieticci,  has  de- 
termined that  the  greatest  effect  of  an  undershot  wheel,  is 
when  Us  velocity  is  equal  (o  the  3d  part  of  the  velocity  of 
the  water  that  drivi*s  or  ke«‘ps  it  in  motion:  but  it  ought 
to  be  the  half  of  that  velocity,  as  is  fully  shown  In  the  arti- 
cle Mill,  in  this  Dicl|unary.  Infixing  an  undershot  wheel, 
it  ouglit  to  be  considered  whether  the  water  can  run  clear 
off,  so  as  to  cause  no  bkck-waler  to  stop  its  motion.  Con- 
cerning this  ariiele,  hv  Desagul.  Exp.  Philos.  vol.*3,  pa. 
422.  Also  a variety  of  experiments  and  observiitions  re- 
lating to  undershof  and  overshot  wheels,  by  Mr.  Smeaton, 
in  the  Philos. Trans,  vol.  51,  pa.  100. 

Arutoile'i  WiiEBL.  Rota  liriUwcUcu. 

AfrotunMi;  WllCKL-  See  pERAMfiVLATOR. 

(hffyreus't  WnuLL.  See  OkSf  YRtus.  * 

Perttnn  Wheel.  See  PBRHtAR. 

Wheel  B^trometer.  See  Daromrtbr. 
WHIRL-POOL,  an  eddy,  vortex,  or  gulf,  where  the 
water  is  continually  turning  round. 

l'ho»e  in  rivers  are  very  common,  from  various  acci- 
dents, and  arc  usually  vi  ry  trivial,  and  of  little  conse- 
quence. In  the.  sew  they  are  mure  rare,  but  mure  dange- 
rous. bibbald  has  related  the  eHccts  of  a vrry  remarkable 
marine  whirlpool  among  the  Orcades,  which  would  prove 
very  darq^t-rous  to  strangers,  though  it  h ot  no  coiise(|Uence 
to  the  pt'ople  who  are  usr-d  to  il.  I'his  is  not  fixetl  to  any 
particular  pUce,  but  appears  in  various  parts  of  the  limits 
of  (he  si-a  among  these  islands.  Wherev  er  tt  appears  it  is 
very  lurious;  and  bo«its8(C  would  inevitably  U-  drawn  in 
and  p<-nsh  with  it ; but  the  pe«‘ple  who  nHvi,.ate  them  are 
prepared  lor  the  event,  ami  always  carry  an  empty  vessel, 
a lug  of  wcmhI,  or  Urge  humlle  ot  straw,  or  some  such 
thing,  in  the  bt*at  with  them  ; as  soon  ms  they  perceive  the 
whirlpool,  they  toss  this  within  its  v(«rtex,  kirpiiig  rtiein- 
seUes  out;  this  substance,  whatever  it  be,  ik  iminediatety 
receiyetl  into  the  centre,  and  curried  uridcr  water ; and  as 
soon  as  (his  is  done,  the  surface  of  the  place  where  the 
whirlpool  WHS  becomes  stnoolh,  and  they  row  over  ilwith 
safely : and  in  about  an  hour  they  see  the  vortex  ta-gin 
again  in  some  other  place,  usually  at  about  a mile’s  di- 
stance from  the  first.  , 

WIlIHLiNG-TABLF.,  a machine  contrived  for  repre- 
scnling  severs^  phenomena  in  phiiosophy  and  nature  ; as, 
the  principal  laws  of  gravitation,  and  of  (he  planetary 
motions  in  curvUim'ar  orbits. 

I'he  figure  of  this  instrument  if  exhibited  fig.  1,  pl.  41 : 
when'  A A is  a strong  frame  of  wood  ; r a winch  fixed  on 
the  axis  c of  the  wheel  d, about  which  is  the  catgut  string 
r,  which  also  goes  round  (lie  small  wheels  o and  k, 
crossing  between  them  and  the  great  wheel  d.  On  the 
upp*  r end  of  the  axis  of  the  wheel  O,  above  the  frame,  is 
fivi-d  (he  round  boanl  </,  to  which  may  be  rvccosionaliy 
fixed  the  bearer  Msx.  On  the  axis  of.  the  whrvl  ii  is 
fi.xed  the  U’arer  ntx,  and  when  the  winch  a is  fumed, 
the  wheels  and  bearers  are  put  into  a whirling  motion. 
F.ach  bv*arer  has  (wo  wires  w,  x,  and  T,  x,  fixed  and 
sciH'wed  tight  into  them  at  the  ends  by  nuts  on  the  out- 
side; and  when  the  nuts  are  unscrewed,  the  wires  may 
be  drawn  out  in  order  to  change  the  balls  u,  v,  which 
slide  upon  the  wires  by  means  of  brass  loops  fixed  into 
the  balls,  tad  preventing  their  touching  the  wuo<J  below 
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thrm.  TlirouRh  each  ball  iberc  passes  a silk  line,  which 
is  fixed  lo  it  Mi  any  length  from  the  centre  of  the  bearer 
to  its  end,  by  n nul'ticiew  ut  the  lop  of  the  bail;  the 
»h»nk  of  the  screw  going  into  the  centre  of  the  bail,  and 
pn'fcsing  the  line  against  tlic  under  side  of  thu  hole  w hich 
it  runs  Utrough.  The  line  gel's  from  iho  ballf  arui  under 
a small  pulley  fixed  in  the  middle  of  the  bearer;  then  up 
through  a s<»cket  in  the  round  plate  {%  hihI  t)  in  the 
middle  of  each  beanr;  then  through  a slit  in  the  middle 
of  the  square  top  (o  ami  r)  of  each  tuwer,  and  going  over 
a smalt  pulley  on  the  top  comes  down  again  the  saint*  w ay, 
and  is  at  last  fastened  to  the  upper  end  of  the  socket  fixed 
in  the  middle  of  the  round  plate  abovc*mcntioncd.  Each 
of  these  plates  s and  T has  four  round  boles  near  their 
edges,  by  which  they  slide  up  and  dowif  on  the  wires, 
which  make  the  corner  of  each  lower.  The  balls  and 
plates  being  thus  connected,  each  by  its  particulur  line, 
it  is  plain  that  if  the  balls  be  drawn  putward,  or  towards 
the  end  m and  k of  their  respective  bearers,  the  round 
plates  s and  t will  be  druwu  up  te  the  top  of  their  re- 
spective towers  o and  p. 

There  are  several  brass  weights,  some  of  S,  some  of 
3,  and  others  of  4 ounces,  to  be  occasionally  put  within 
tiie  lowers  o and  p,  on  the  round  plates  (rand  t:  each 
weight  having  a r<iund  hole  in  the  middle  of  it,  for  going 
on  the  sockets  or  axes  of  the  plates,  and  being  slit  from 
the  edge  to  the  hole,  that  it  may  slip  over  the  line  which 
comes  irom  «'acb  ball  to  its  respective  plate. 

For  a specimen  of  the  experiments  to  be  made  with  this 
machine,  may  be  subjoined  the  following. 

1.  Removing  (he  bearer  ux,  put  the  loop  of  the  line  b 
to  which  the  ivory  ball  a is  fastened  over  a pin  in  the 
centre  of  the  board  d,  and  turn  the  winch  » ; and  the 
ball  will  not  immediately  begin  to  move  with  the  board, 
but,  on  Bccouiu  of  its  inactivity,  endeavour  to  remain  in 
its  state  of  reat.  But  when  the  ball  has  acquired  the 
same  velocity  with  the  board,  it  will  remain  on- the  same 
part  of  the  board,  having  no  relative  motion  upon  it. 
However,  if  the  board  be  suddenly  stopped,  the  ball  will 
continue  to  revolve  on  it.  until  the  friciiun  slops  its  mo- 
tion : so  that  matter  resists  every  change  of  sute,  from 
that  of  rest  to  that  of  motion,  and  vice  versa. 

2.  Put  a longer  cord  to  this  ball;  let  it  down  through 
the  hollow  axis  of  the  bearer  mx  and  wheel  c,  and  fix  a 
weight  to  the  end  of  the  cord  below  the  machine ; and 
this  weight,  if  left  at  liberty,  will  draw  the  bail  from  tlie 
edge  of  the.  whirling  board  to  its  centre.  Draw  off  the 
ball  a little  from  the  centre,  and  turn  (be  winch ; then 
(he  ball  will  continue  to  revolve  with  the  board,  and  gra- 
dually fly  farther  from  the  centre,  raising  up  the  weight 
below  the  machine.  And  thus  it  appears  tliat  all  bodies, 
revolving  in  circles,  have  a tendency  to  fly  otf  from  ihusc 
circles,  and  most  be  retained  ii^them  by  some  power  pro- 
ceeding from  or  tending  to  the  centre  of  motion,  ^op 
the  machine,  and  the  ball  will  continue  to  revolve  for 
some  time  on  the  board ; but  as  the  friction  gradually 
stops  its  motion,  the  Wright  acting  upon  it  will  bring  it 
nearer  and  nearer  to  the  centre  in  every  revolution,  till  it 

* brings  it  quite  thither.  Hence  it  appears,  that  if  (be  pla- 
m^ts  met  with  any  resistance  in  going  round  the  sun,  its 
attractive  power  would  bring  them  nearer  and  nearer  to 
it  in  every  revolution,  till  they  would  fall  into  it. 

3.  Take  hold  of  the  cord  below  the  machine  with  one 
band,  and  with  the  other  throw  the  ball  upon  the  round 
board  as  it  were  at  right  angles  to  the  cord,  and  it  will  re- 


volve on  ihi’  board.  Then,  obscrvlngjthc  velocity  of  its 
motion,  pull  the  cord  hdow  the  maebror,  and  thus  bring 
the  bail  iiya/^r  the  centn*  of  the  board,  and  the  ball  will 
be  seen  to  nwolvc  with  an  increasing  velocity,  us'itap- 
pmaches  the  Centre:  and  thus  the  planets  which  arc 
iHutrcst  the-  sun  perform  quicker  ruvulutiuus  than  those 
wliicli  arc  raon:  remote,  and  move  with  greater  velocity 
in  every  part  of  their  respective  circles. 

,4.  Remove  the  ball  a,  and  apply  (he  bearer  xx,  whose 
centre  of  motion  is  in  its  middle  at  w,  directly  over  the 
centre  of  the  whirling  board  d.  Then  put  two  balls  (v 
and  u)  of  equal  weight  on  their  bearingwircs,  and  having 
fixed  them  at  equal  distaisces  from  tiieir  respective  cen- 
tres of  motion  w and  x upon  their  silk  cords,  by  (be  screw 
nuts,  put  equal  weights  in  the  towers  o and  ?.  Lastly, 
put  the  catgut  strings  e and  r on  the  grooves  o and  ii  of 
the  small  wheels,  which,  bring  of  equal  diameters,  will 
give  equal  velocitk-s  lo  the  bearers  above,  when  the  winch 
B is  turned;  and  the  balls  u and  v will  fly  ofl*  toward  m 
and  K,  and  raise  the  weights  in  the  lowers  at  the  same 
instant.  This  shows,  that  when  bodies  of  equal  quantities 
of  matter  revolve  in  equal  circles  with  cqu;)!  velocities, 
their  cenirifuga)  forces  are  equal. 

5.  Take  away  tlu'se  equal  balls,  and  put  a ball  of  6 
ounces  into  the  bearer  MX,  at  a 6th  part  of  the  distance 
uz  from  the  centre,  and  put  a ball  yf  one  ounce  into  the 
opposite  bcarvr,  at  the  whole  distance /y  = ut;  ami  fix 
the  trails  at  these  distances  on  (heir  cords,  by  the  screw 
nuts  at  the  top : then  the  ball  v,  which  is  6 times  as  heavy 
as  the  ball  v,  will  be  at  only  a 6th  part  of  the  distance 
from  its  centre  of  motion  ; and  consequently  will  revolve 
in  a circle  of  only  a 6th  part  of  the  circumference  of  that 
in  which  v revolves.  Let  equal  wights  be  put  into  the 
towers,  and  the  winch  be  turned  : as  the  Cflgut  string  is 
on  equal  wheels  below,  it  will  cause  the  ImIIs  to  ri'voive 
in  equal  tines;  but  v will  move  6 limes  as  fast  as  u,  be- 
cause it  revolves  in  a circle  of  6 tiroes  its  radius,  and  both 
the  weights  in  the  towers  will  rise  at  once.  Hence  it  ap- 
pears, £ot  the  centrifugal  forces  of  revolving  bodies  are  in 
direct  proportion  to  their  quantities  of  niatier  multiplied 
into  their  respective  velocities,  or  into  their  distance  from 
the  centres  of  their  respective  circularorbits. 

If  these  two  balls  be  fixed  at  equal  distances  from  their 
respective  centres  of  raulion,  they  will  move  with  equal 
velocities;  and  if  the  lower  o has  6 times  us  much  weight 
put  into  it  as  the  tower  p,  (he  balls  will  raise  their  weights 
exactly  at  the  same  roomeiu : i.  e.  the  ball  u,  being  6 
times  as  heavy  as  (he  ball  v,  has  6 times  as  much  cen- 
trifugal force  in  describing  an  equal  circle  with  an  equal 
velocity. 

6.  Let  two  balls,  u and  v,  of  equal  weights,  be  fixed 
on  their  cords  at  equal  distance's  from  their  rrspecitve 
centres  of  motion  w and  x ; and  let  thec*itgut  string  £ bo 
put  round  the  wheel  k (whose  circumfirencc  is  only  half 
that  of  the  wheel  ii  or  G)  and  over  (lit*  pulley  s to  keep  it 
tight,  and  let  4 times  as  much  weight  be  pul  into  the 
tovrer  p as  in  the  tower  o.  'Fben  turn  the  winch  n,  and 
the  ball  v will  revolve  twice  as  fust  as  the  ball  u in  a 
circle  of  the  same  diameter,  because  they  arc  t quidistaot 
from  the  centres  of  the  circles  in  which  they  levoLc;  and 
the  weights  in  the  towers  will  both  rise  at  tin*  same  in- 
stant ; which  shows  that  a double  velocity  in  (he  sumo 
circle  will  exactly  balance  a auadruple  power  of  attrac- 
tion in  the  centre  of  the  circle:  for  the  WMgltls  in  the 
towers  may  be  considered  as  the  attractive  forces  in  the 
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centm,  acting  on  tbe  revolving  vvliicb  moving  in 

et^ual  circU'Sf  are  u»  it'  they  both  moved  in  tliif  Mttne  circle. 
Whence  il  nppcatB  that,  it  l)Oiiieh  of  equal  wi  ighcn  revolve 
in  equal  circlib  with  ^neqir,tl  vc!(»<'itii<>,  thiir  centrifugal 
forces  are  as  the  sc|uarrs  of  the  vi  lt»citicv.  ^ 

7.  The  catgut  Mmig  n m.onin^  as  hrfoiV,  "let  the  di- 
stance of  the  bail  v tiorn  the  cuiire  x Ih*  iqual  to  2 of  the 
divisions  oil  its  Ix^aier  ; and  llie  distance  of  the  bail  i/  fi«un 
the  centre  u>  be  3 and  a 0th  pait  ; the  buiU  Ihcmselvrs 
being  equally  heavy,  ami  v inaking  two  revolutions  by 
turning  the  winclii  uhiUt  o makes  mie  ; so  that  if  wc  iii{»- 
posc  the  bull  V lo  revolve  in  one  second,  the  bull  u will 
revolve  in  2,  the  squan's  of  which  are  1 and  1:  therefore, 
the  squan*  o|  the  period  of  v is  contained  + tinfl'"  in  the 
square  of  the  period  of  u.  But  the  distance  of  v is  2.  the 
cube  ol  which  is  H,  and  the  distance  of  u is  3|,  the  cul>c 
of  which  is  32  v<-ry  nearly,  in  which  8 is  contained  4 
times  : and  therefore,  the  squares  of  the  periods  v and  o . 

‘ are  to  each  other  as  the  cubes  of  their  distnncrs  from  r 
and  uj,  the  centres  of  their  respective  circles.  And  if  the 
weight  in  the  tower  o be  4 ounces,  or  c<]ual  to  the  sq.uare 
of  2,  which  is  the  distance  of  v from  the  centre  x;  and 
the  weight  in  the  tower  p be  10  ounces,  nearly  equal  to 
tbe  square  of  the  distance  nf  v from  tc ; it  will  bo 
found  on  turning  the  machine  by  the  winch,  that  the  balls 
V and  V will  raise  ihtir  respective  weights  at  very  nearly 
the  same  instant  of  time.  This  expeiiment  continns  the 
famous  pro}»>sition  of  Kepler,  vix,  that  the  squares  of  the 
periodical  times  of  the  planets  round  the  sun  arc  tn  pro- 
portion as  the  cubes  of  their  distances  from  him;  and  that 
the  sun's  attraction  is  inversely  as  the  square  of  the  di- 
stance from  hiscenlrr. 

8.  Take  off  the  string  c from  the  wheels  n and  ii,  and 
let  the  string  p remain  on  the  wheels  d ami  c ; take  away 
also  the  bearer  m.\  from  tlic  whirling- b(»ard  d,  and  instead 
of  it  put  on  the  mucbinc  a»  (fig.  2),  fixing  It  lo  the  centre* 
of  the  board  by  the  pins  c and  d,  so  that  the  end  ^ may 
rise  above  the  board  to  an  angli-  of  30or  40  degrees.  Oq, 
the  upper  part  of  this  machine,  there  are  two  glass  tubes 
a ami  6,  cU>s>cly  stupjied  at  both  end^,  each  tube  being 
about  three  quarters  full  of  water.  In  the  tubi'  n is  a 
little  quicksilver,  which  naturally  falls  down  to  the  end  a 
in  the  water;  and  in  t^c  tube  6 is  a smull  cork,  floating 
•n  the  top  of  the  water,  and  small  enough  do  rise  or  lull 
in  the  lube.  While  the  board  6 with  this  muchine  on  it 
continues  at  rest,  the  quicksilver  lies  at  the  bottom  of  the 
lube  a,  and  the  cork  flouts  on  the  water  near  tbe  top  of 
the  lube  b»  But,  on  turning  the  winch  and  moving  the 
maclimr,  the  contents  of  each  tul>e  fly  off  towards  the 
uppermost  ends,  which  arc  farthest  from  the  centre  nf 
motion ; the  heaviest  with  tbe  greatest  force.  Conse- 
quently, the  quicksilver  in  the  tube  a wilf  fly  off  quite  lo 
the  end  occupying  iu  bulk  of  spacr,  and  excluding 
the  water,  which  is  lighter  than  itself:  but  the  water  in 
the  lube  A-,  Hying  off  to  its  higher  end  e,  will  exclude  the 
cork  from  that  place,  and  cause  it  to  descend  toward  the 
lowt-kt  end  cd  the  lube;  for  the  heavier  body,  having  the 
greatiT  centrifugal  force,  will  pi>sse»8  tbe  upper  part  of 
the  tube,  and  the  lighter  body  will  keep  betwem  the  hea- 
vier and  the  lower  part. 

This  experiment  demonstrates  the  absurdity  of  the  Car- 
tesian doctrine  of  vortices;  for,  if  a planet  be  more  dense 
or  heavy  than  its  bulk  of  the  vortex,  it  will  fly  off  in  il 
farther  and  farther  from  the  sun;  if  less  drmse,  it  will  de- 
scend to  the  lowest  part  of  the  vortex,  at  the  sun;  and 


the  whole  vortex  itself,  unless  prevented  by  some  obstacle, 
would  fly  ijuiteofl',  together  wttfi  the  planets. 

;p.  If  u body  b«  so  placed  on  the  wlnrling-board  of  ibe 
nmebine  (fig.  1)  that  the  centicof  gravity  of  the  body  be 
directly  over  the  centre  of  the  bouid,  and  the  board  he 
moved  cver'so  rapidly  by  the  winch  n,  the  body  will  turn 
round  with  the  boards  without  removing  front  its  middle; 
for,  as  nil  parts  of  the  body  arc  in  cquilibrio  n>und  its 
centre  of  gravity,  and  the  centre  of  gravity  is  at  rest  in  the 
centre  of  moiton,  the  ceqtnfugal  force  of  all  pans  of  the 
body  will  be  equal  at  equal  distances  from  its  centre  of 
motion,  and  therefore  the  body  will  remain  in  its  place. 
But  if  tbe  ccnlre  of  gravity  be  placed  ever  so  little  out  of 
llie  centre  of  motion,  and  the  machine  be  turned  switily 
round,  the  body  will  fly  off  towards  that  side  of  the  board 
on  whichits  centre  ol  gravity  lies,  llien  if  the  wire  c 
(fig.  3)  with  its  little  ball  H be  taken  away  from  the  semi- 
globe A,  and  the  flat  side  / of  the  semi-globe  be  laid  on 
the  whirling-board,  so  that  their  centres  may  coincide; 
if  then  the  board  be  turned  ever  so  quickly  by  the  winch, 
the  semi-glubc  will  remain  where  it  was  placed  : but  if 
the  w'in^  c be  screwed  into  the  M‘mi-globc  at  d,  the  whole 
becomes  one  body,  whose  centre  of  gravity  is  at  or  near  • 
d.  Fix  the  pin  c in  the  centre  of  the  whirling-board,  and 
lei  the  di*ep  grotive  b cut  in  the  flat  side  of  the  semi-globe 
be  put  on  the  pin,  so  that  the  pin  may  be  in  the  centre  of  a 
(see  fig.  4),  where  the  groove  is  to  be  represented  at  b,  and 
let  the  board  be  turned  by  the  winch,  which  will  carry 
tbe  little  ball  a (fig, 3)  with  its  wire  c,  and  the  semi-glob« 
A,  round  the  centre  pin  c i;  and  then,  the  centrifugal 
force  of  the  little  ball  n,  weighing  one  ounce,  will  be  so 
great  as  to  draw  off  the  semi-globe  a,  weighing  two 
pounds,  until  the  end  of  the  groove  at  c strikes  against 
the  pin  c,  and  so  prevents  a from  going  any  farther: 
otherwise,  the  ceiUrifugal  force  of  a would  have  been  suf- 
ficient to  have  carried  a quite  off  ihb  whirling-board. 
Hence  we  see  that,  if  the  sun  were  placed  in  the  centre  of 
the  orbits  of  the  planets, it  could  not  possibly  remain  there; 
for  the  centrifugal  forces  of  the  planctH  would  carry  them 
quite  off,  iind  the  sun  with  them  ; especially  when  several 
of  them  happened  to  be  in  one  quarter  of  the  heavens. 
For  the  sun  and  planets  are  as  mUth  connected  by  the 
mutual  attraction  subsisting  betwirn  them,  as  the  bodies 
A and  n are  by  the  wire  c fixed  into  them  both.  And 
even  ifthore  were  but  one  planet  in  the  whole  heavens  to 
rtw'olve  about  ever  so  large  a sun  in  the  centre  of  its  orbit, 
its  centrifugal  force  would  soon  carry  oft  both  itself  and 
the  sun : for  the  greatest  body  place<l  in  any  part  of  free 
space  could  be  easily  moved;  because,  if  there  were  no 
other  body  to  attract  it,  it  would  have  no  weight  or  gra- 
vity of  itself,  and  consequently,  though  il  could  have  no 
tendency  of  itself  to  remove  fiom  that  pan  of  space,  yet 
it  might  be  very  easily  moved  by  the  force  of  any  other 
substaitce. 

10.  As  the  centrifugal  force  of  the  light  body  a will 
not  allow  the  henry  t^idy  a to  remain  in  tbe  centre  of 
motion,  even  though  it  b<'  24  times  as  heavy  as  B ; let 
the  ball  a (fig.  5)  weighing  6 <»unccs  be  connected  by  the 
wire  c with  the  ball  b.  weighing  one  ounce,  and  let  the 
fork  r.  be  lix^d  into  the  centre  of  the  whirling-board; 
then,  hang  the  tails  on  the  fork  by  the  wire  c in  such  a 
manner  that  they  may  exactly  balance  each  other,  which 
will  be  when  the  centre  of  gravity  bt'twccn  them,  in  the 
wire  at  d,  is  supported  by  the  fork.  And  this  centre  of 
gravity  is  as  mucb  nearer  to  the  centre  of  tbe  ball  a than 
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to  (he  centre  b,  as  a U heavier  than  b ; allowing  for  the 
weight  of  the  wire  on  each  »ii!c  of  the  fork.  Then,  let 
the  mAcbinc  be  moved!,  and  (be  balls  a and  b will  re- 
volve about  their  common  Centre  of  gravity  </,  keeping 
their  balance,  because  either  will  not  allow  the  other  to 
fly  off  with  it.  For,  supposing  the  bail  b to  be  only  one 
ounce  in  weight,  and  the  ball  a to  be  six  ounces;  then, 
if  the  wire  c were  equally  heavy  on  each  side  of  the 
fork,  the  centre  of  gravity  d would  ^be  6 times  as  far 
from  the  centre  of  b as  from  the  centre  of  a,  and  conse* 
quenily  B will  revolve  with  G times  the  velocity  .of  a, 
which  will  give  n 6'  limes  as  much  centrifugal  force  as 
any  single  ounce  of  a has;  but  then  as  b is  only  one 
ounce,  uiid  A si:(  ounces,  the  whole  centrifugal  force  of 
A will  exactly  balance  that  of  b;  and  therefore*,  each 
body  will  detain  the  other,  so  as  to  retain  it  in  its  circle. 

lienee  it  appean,  that  the  sun  ami  planets  must  all 
move  round  the  edmmon  centre  of  gravity  of  the  whole 
system,  in  order  to  preserve  that  just  balance  which  takes 
place  among  them. 

11.  Remove  the  forks  and  balls  from  the  whirling- 
board,  and  place  the  trough  ab  (hg. 6)  thereon,  6xing  its 
centre  to  that  of  the  board  by  the  pin  tf.  In  this  trough 
are  two  balls  d and  £ of  um-quiil  weights,  connected  by 
a wire  /,  and  made  to  slide  easily  on  the  wire*btreiched 
from  end  to  end  of  the  trough,  and  made  tost  by  nut 
screws  on  the  outside  of  the  rads.  Place  thc^  balls  on 
the  wire  c,  so  ihut  their  Common  centre  of  gravity  g,  may 
be  directly  over  the  centre  of  the  whirling-board.  Then 
turn  the  machine  by  the  winch  ever  so  swiftly,  and  the 
trough  and  bulls  will  move  round  their  ccilrc  of  gravity, 
so  as  neither  of  them  will  tty  ofi ; U'cause,  on  account 
of  the  equilibrium,  each  ball  detains  the  other  with  an 
equal  force  acting  agaiutt  it  Rul  if  the  ball  e be  drawn 
n little  more  towards  (be  end  of  the  trough  at  a,  it  will 
remove  (he  centre  of  gravity  towards  that  end  from  the 
centre  of  motion ; and  then,  upon  lurning  the  machine,  the 
little  ball  c will  fly  off,  and  strike  with  a considerable  force 
against  the  end  a,  and  draw  the  great  ball  b into  the  mid- 
dle of  the  trough.  Or,  if  the  gfeat  ball  D be  drawn  to- 
wards the  end  a of  the  trough,  so  that  the  centre  of  gra- 
vity may  be  a little  towards  (liat  end  from  the  r:cntfc  of 
motion ; and  the  machine  be  turned  by  the  winch,  the 
great  ball  o will  fly  otf,  and  strike  violently  against  the 
end  B of  the  trough,  and  will  bring  the  little  ball  s into 
the  middle  of  it.  If  ific  trough  be  not  made  very  strong, 
the  bull  D will  break  through  it. 

1*2.  Mr.  Ferguson  has  explained  the  reason  why  the 
tides  rise  at  the  same  time  on  opposite  sides  of  the  earth, 
and  consequently  >lt  opposite  directions,  by  the  following 
new  experiment  on  the  whjrling-table.  For  this  purpose, 
let  ahed  {fig.  7)  represent  the  earth,  with  its  side  c 
turned  toward  the  muon,  which  will  then  attract  (he 
water  so  as  to  raiw  them  from  c lo^:  and  in  order  to 
show  that  they  will  rise  as  high  at  the  same  lime  on  the 
opposite  side  from  a to  e;  Ui  a plate  ab  (fig.  8)  be  fixed 
on  one  end  of  the  flat  bar  dc,  with  such  a circle  drawn  on 
it  as  ahed  (fig.  7)  to  reprint  the  round  figure  of  the 
earth  ami  sea;  and  an  ellipse  as  e/gh  to  rqirvsenl  the 
swelling  of  the  tide  at  e and  g,  occasioned  by  the  influ- 
ence of  the  moon.  Over  this  plate  a b suspend  the  three 
ivory  balls  c,/,  g,  by  the  silk  lines  h,  t,  fastened  to  the 
tops  of  the  wires  ii,  r,  k,  so  that  the  ball  at  e may  hang 
freely  over  the  side  of  the  circle  e,  which  is  farthest  from 
the  moon  »i  at  the  other  end  of  the  bar;  the  ball  at/. 


over  the  centre,  ami  the  ball  at  g over  the  side  of  the  cir- 
cle  gj  which  is  nearest  the  moon.  The  ball  / may  repre- 
sent the  centre  of  the  earth,  the  ball  g water  on  the  side 
next  the  moon,  and  the  ball  e wutcr  on  (he  opposite  side. 
On  the  back  of  the  moon  m is  fixed  a short  bar  v paral- 
lel to  the  horia^m,  and  there  are  three  holes  in  it  above 
the  iittk  weights  p,  q,  r.  A tdlken  thread  o is  tied  to  the 
line  k close  above  the  ball  and  passing  by  one  side  of 
the  modi]  M goes  through  a hole  in  (he  bar  m,  and  has 
the  weight  p hung  to  it.  Such  another  thread  m is  lied 
to  ike  line  t,  close  above  the  ball/,  and,  passing  through 
the  centre  of  the  moon  M and  middle  of  She  bar  N,  has 
the  weight  q hung  to  it,  which  is  lighter  than  the  weight  p. 
A third  thread  m is  tied  to  the  Um:  A,  close  above 
the  bull  e,  and,  passing  by  the  other  side,  of  the  moon 
Ki  through  the  bar  K,  has  the  weight  r bung  to  it,  which' 
is  lighter  than  the  weight  q.  The  use  of  these  (hree  un- 
equal weights  is  to  represent  the  moon's  unequal  attrac- 
tion at  different  distances  from  her;  so  that  if  they  are 
left  at  liberty,  they  will  draw  ail  the  three  balls  towards 
the  moon  with  different  degrees  of  force,  and  cause  them 
to  appear  as  in  fig.  9,  in  which  case  they  arc  evidently 
farther  from  each  other  than  if  they  hung  freely  by  the 
perpendicular  lirres  h,  i,  i.  Hence  it  appears,  that  us  the 
moon  attracts  the  side  of  the  earth  which  is  nearest  her 
with  a greater  degree  of  force  than  she  docs  the  centre 
of  the  earth,  she  will  draw  the  water  on  that  side  more 
than  the  centre,  and  cause  it  io  rise  on  that  side:  and  as 
she  draws  the  centre  more  than  the  opposite  side,  the  cen- 
tre will  recede  farther  from  the  surface  of  the  water  on 
that  opposite  side,  and  leave  it  as  high  there  us  she  raised 
it  on  the  side  next  her.  For,  as  the  centre  will  be  in  the 
middle  between  the  tops  of  the  opposite  cievaiioits,  they 
must  of  course  be  equally  high  on  both  sidi-s  at  the  same 
lime. 

However,  upon  this  supposition,  the  earth  and  moon 
would  soon  come  together;  and  (his  would  be  the  case  if 
they  littd  not  a motion  round  their  common  centre  of 
gravity,  to  produce  n degree  of  centrifugal  force,  suffi- 
cient to  balance  ihcir  mutual  attraction.  Such  motion 
• they  have;  for  as  the  moon  revolves  in  her  orbit  every 
month,  at  the  distance  of  240000  miles  from  the  earth's 
centre,  and  of  234000  miles  from  the  cemre  of  gravity 
of  the  eurlh  and  moon,  the  earth  also  gms  round  the  same 
centre  of  gravity  every  month  at  the  disianci'  of  (ioOO 
miles  from  it,  i.  e.  from  it  to  the  centre  of  ihe  earth.  Rut 
the  diameter  of  the  earth  being,  in  round  numbers,  ^000 
miles,  its  side  next  the  moon  is  only  2000  miles  fr<im  the 
common  centre  of  gravity  of  the  earth  and  moon,  its 
centre  6*000  miles  from  it,  and  its  farth«*st  side  from  the 
moon>10(X)0  miles.  Consequently  the  centrifugal  forces 
of  these*  parts  are  as  2000,  6000,  and  lOCOO;  i.  e.  the 
centrifugal  force  of  any  side  of  the  earth,  when  it  is 
turned  Irom  the  moon,  is  5 tiroes  as  great  as  when  it  is 
turned  towards  (be  moon.  And  as  the  moon’s  attraction, 
expressed  by  the  number  6*000  ut  the  earth's  centre,  keeps 
the  earth  from  flying  out  of  this  monthly  circle,  if  must 
be  greater  than  the  ccnirilugal  force  ofthe  waters  on  the 
side  next  her;  and  coiiS4 quently,  her  greater  degree  of 
attraction  on  that  side  is  sufficient  to  raise  them;  but  us 
her  attraction  on  the  opposite  side  is  less  than  the  centri- 
fugal force  of  the  water  there,  the  excess  of  this  force  is 
sufficient  to  raise  the  water  just  us  high  on  ihe  opposite 
side. 

To  prove  tbU  experimentally,  let  the  bar  DC  with  its 
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fumituiT  Yic  6xcU  on  ibr  whirling-board  of  the  machine 
(tig.  1.)  by  pukhitig  the  pin  P into  the  centre  of  tho 
board  ; which  pm  i»  in  the  centre* of  gravity  of  the  whole 
bar  with  ii;>  ihi-ee  balU,  e,/,  <*,  ami  moon  m.  Now  if  the 
wjnrling-boaid  and  bar  bo  turmd  »lowly  round  by  the 
winch,  nil  the  ball  / hangi  over  tbe  centre  of  the  circle,- 
as  m tig.  10,  the  ball  g will  l>e  kept  towards  the  moon 
by  tbe  hoavio>t  weight /I  (lig-b),  and  the  ball  c^on  ac- 
count  ol  ii«  greater  centniugal  force,  and  the  less  weight 
ivill  riy  o(T  as  far  to  the  'iiher  side,  as  in  hg.  10.  And 


where  by  thei^  union  they  cause  a much  stronger  sound 
than  in  any  part  of  the  segment  whatever,  even  loudvr 
than  at  the  point  from  which  they  set  out.  Accordingly, 
all  the  contrivance  in  a whispering-place  is,  that  m>ar  the 
person  who  whispers,  there  be  a smooth  wall,  arched 
either  cylindrtcally,  or  cilipticaily,  &c.  A circular  arch 
Will  do,  but  not  so  well. 

Some  of  the  most  remarkable  places  for  whit^pering,  are 
the  following;  vie,  The  prison  of  Dionysius  at  Syiacusc, 
which  increased  a soft  whisper  to  a loud  noise  ; or  a clap 
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thus,  wliile  tbe  machine  is  kept  turning,  the  balls  r and  of  the  hand  to  the  report  of  a camion,  &c.  Ihe  aquc' 


g will  hang  6ver  the  ends  of  the  elhp»e  l/k.  So  that 
the  centnfugal  force  of  the  ball  e will  exceed  the  moon's 
attraction  just  as  much  as  her  attniciion  exceeds  the 
centrifugal  torce  of  the  ball  while  her  attraction  just 
Imlances  the  centnfugal  force  of  the  bail  /,  and  makes 
it  keep  in  its  circle.  Hence  it  is  evtilenr,  that  the  tides 
must  rise  to  equal  heights  at  the  »ame  time  on  opposite 
sides  of  (he  earth.-  See  Ferguson’s  Lectures  on  Mi'cha* 
Dies,  Ircl.  2,  and  Desag.  Ex.  Phil.  vol.  >,  lect.  S. 

WHlllLWlND,  a wind  exceedingly  rapid  and  impetu- 
ous, which  moves  in  a spiral  manner,  as  well  as  hori- 
«oDtaily,  which  is  but  only  of  >bort  duration.  Dr.  Frank- 
lin, in  his  Physical  and  Meteorological  Observations, 
scad  to  (he  Royal  Society  in  1756',  supposes  a whirlwind 
and  a waiers|>uut  to  proceed  from  the  same  cause,  namely 
a sir^m  of  elastic  matter  rushing  violently  into  the  at- 
mosphere out  of  the  earth : tb^r  only  difference  being, 
that  Ihe  latter  pas»(*s  over  the  water,  and  the  former  over 
the  land. . 'This  opinion  is  corroborated  by  tbe  observa- 
tions of  M.  de  la  Pryme,  and  many  others,  who  have  re- 
marked the  appearances  and  effects  of  both  to  be  the 
same.  They  have  both  a progressive  as  well  as  a circu- 
lar motion  ; they  usually  rise  after  calms  and  great  beau, 
and  mostly  happen  in  the  wanner  latitudes : the  wind 
blows  every  way  from  a large  surrounding  space,  both 
to  the  waterspout  and  whirlwind  ; and  a waterspout  has, 
by  its  progressive. motion,  passed  from  the  sea  to  the  land, 
and  produced  all  (he  phcnomt'na  and  cffccis  of  a whirl- 
wind : so  (hat  there  is  no  reason  to  doubt  that  they  are 
meteors  arising  froth  the  same  general  cause,  and  expli-^ 
cable  on  tbe  same  prirrciplcs,  furnished  by  eiccirical  ex- 
periments and  discoveries.  Sec  Hurrica  a B,and  Water- 
aptiUT.  For  Dr.  Franklin  s ingf-mnus  method  of  account- 
ing for  both  these  phenomena,  see  bis  Letters  and  Papers, 
dec,  vol.  1,  pa.  191,  210,  &c. 

WlllSPERlNG-Phices.  are  places  where  a whisper, 
or  other  small  noise,  may  b«*  heard  from  one  part  to  ano- 
ther, to  a great  diBtancr.  They  <1«  pi-nd  on  a princtplc, 
that  the  voice,  &c,  being  applied  to  nne  end  of  an  arch, 
easily  passes  by  repeated  rcflcctiuns  to  the  other.  Thus, 
let  ABC  repre- 
sent the  seg- 
ment of  a 
sphere  ; andl 
suppose  a low 
voice  ulteniJ 
at  A,  the  vibra- 
tions extending 
tbcmselvmeve- 
ty  way,  some 
of  them  will 
impinge  on  the 
points  B»  s,  dec;  and  thence  be  reflected  to  the  points  r, 
f,  fltc;  thence  too,0|  dec  ; till  at  last  they  meet  io  c; 


ducts  of  Claudius,  winch  conducted  a voice  10  miles; 
beside  divers  others  mentioned  by  Kirchcr  in  his  Pho- 
nurgia.  In  England,  tbe  most  consi<lerablc  whispering 
places  arc,  the  dome  of  St.  Paul's  church,  London,  where, 
the  ticking  of  a watch  may  be  beard  from  side  to  side,  and 
a veiY  soft  whisper  may  be  smt  quite  round  the  dome  : 
this  Dr.  Derham  found  to  hold  not  only  in  the  g><llery 
below,  but  above  on  the  scaffold,  vfhere  a w hi'^per  would 
be  carried  over,  a peison’s  head  r«>und  the  lop  of  the  arch, 
though  there  be  a large  opening  in  the  middle  of  it  into 
the  upper  part  of  the  dome.  And  tbe  celebrated  whis|ier- 
ing-place  in  Gloucater  cathedral,  which  is  only  a gallery 
above  tbp  east  end  of  the  choir,  leading  from  one  side  of 
it  to  the  other.  See  Birch’s  Hist,  of  tbe  Ro)ai  Soc.  vol.  1. 

p%.  120. 

WHISTON  (William),  an  English  divine,  philoso^ 
pber,  and  mathematician,  of  uncommon  abilities,  learn- 
ing, and  extraordinary  characier,  was  born  the  9<h  of 
December  1007|  at  Norton  in  tbe  county  of  Leicester, 
where  his  father  was  rector.  He  was  educated  under  his 
father  till  he  was  17  years  of  age,  when  he  was  sent  to 
Tamworih  school,  and  two  years  after  admitted  of  Clare- 
haU*  Cambridge,  whore  he  pursued  bis  studies,  and  par- 
ticularly the  mathematics,  with  great  diligence.  During* 
this  time  be  became  nfilicted  with  a great  weakness  of  sight, 
owing  to  close  study  in  a whitened  mom  ; which  was  in  a 
good  measure  r^ieved  by  a little  relaxation  from  study, 
and  taking  off  the  strong  glare  of  light  by  banging  the 
place  opposite  his  scat  with  greofi. 

In  16^  he  Ix'came  master  of  arts  and  fellow  of  the 
college,  and  tuxin  after  commenced  one  of  (he  tutors;  but 
hts  ill  state  of  health  soon  after  obliged  him  to  relinquish 
this  proft*asioiv.  Having  entered  into  orders,  in  I694  he 
became  chaplain  to  Dr.  More,  bishop  of  Norwich ; and 
while  in  this  station  be  published  his  first  work,  A New 
Theory  of  the  Earth  &c;  in  which  he  undertook  to  prove 
that  the  Mosaic  doctrine  of  the  earth  was  perfectly  agree- 
able to  reason  and  philosophy:  which  work,  having  much 
ingenuity,  though  it  was  written  against  by  Mr.  John  Keill, 
brought  considerable  rrputation  to  the  author. 

In  the  ^ear  1098»  bishop  More  gave  him  the  living  of 
LowettolT  in  Suffolk,  where  be  immediately  went  to  reside, 
and  devoted  hiiTm  lf  with  great  diligence  to  the  discharge 
of  that  trust.— In  the  beginning  of  the  last  century  he  was 
inade  sir  Isaac  Newton's  deputy,  and  afterwards  his  suc- 
cessor, in  the  Lucasian  prof<isoish*puf  mathematics;  when 
he  resigtMd  bis  living  ut  LowestofF,  and  wciit  10  reside  at 
Cambridge.  From  this  time  bis  publications  became  very 
frequent,  both  in  theology  and  mathematics.  Thus,  in 
1702  hr  published,  A Short  View  of  the  Chronology  of 
the  Old  Te»taro<  nl,  and  of  .the  Harmony  of  tbe  four  Evan- 
gelists.—In  1707.  PrselectiuoM  Astronomical;  besides  8 
Sermons  on  the  AccomplishiS' nt  of  the  Scripture  Pro-  - 
phectes,  preached  at  Boyle's  lecture;  and  Newton’s  Arilh- 
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mttica  Univer^ali*.— In  1708,  Tacquft’k  Euclid,  wiih  »e-' 
lect  rheorems  of  .-^rchimedr*}  ifat*  f<«rimT  pt  which  bad 
accidenully  bi'i-ii  \\\s  fir«t  iniroductiun  to  tlu-  study  of  tha 
mathematics. — In  the  same  Ik*  drew  up  an  b]*say  on 
the  Apostolical  CuiistmiiioOH,  which  the  vice  chancellor 
refused  his  licence  for  piinitng.  The  author  informs  us, 
he  had  read  over  ilie  two  first  centuries  ol  the  church,  and 
found  that  lh»*  i'uM'bian  or  Arian  doctrirM*  was  rhi>  fly  the 
doctrine  of  those  ages,  which,  tnough  de«-mcd  heterodox, 
he  thought  It  Ills  duty  to  discover— -In  1709,  he  published 
a volume  of  Sermons  and  Essays  on  viCrious  subjects.— 
Ill  17  10,  Pivh'CtiotH'S  PtiyMCO'Mathematicie,  which,  with 
the  Prarlectiotu's  Astromiiiiica;,  were  translated  and  ]iub> 
lishetl  in  KnglisW.  And  it  ms)  be  said,  with  no  small  ho* . 
nour  to  the  memory  of  Mr.  Whisioii',  that  he  was  one  of 
t^e  tirst  who  exphsMied  the  Nrwtuiiiaii  philosophy  in  a po- 
pular way,  so  as  tq  be  intelligible  to  the  generality  of 
readers.— Among  other  things  also,  he  translated  the 
Aposlolical  Constitutions  into  English,  which  favoured 
the  doctrine  of  tbesupreniary  of  the  paiher  and  subordina- 
tion of  the  don,  vulgarly  called  the  Arlan  heresy:  on 
which  his  frieucJii  bi-gan  to  be  alarmed. lor  hiiiti  apd  the 
conseqnemo  showed  it  was  not  groundless;  for,  Oct.  30, 
1710,  be  was  dt  priced  ut  his  prob-ssorst.ip,  and  expelled 
the  university  of  ('ambndge,  alter  he  bad  been  formally 
Convened  and  iiUerrogaled  lor  several  succ<‘ssive  days.— 
At  the  conclusion  of  this  year,  he  wrote  bis  Historical 
Preface,  alicrwards  pretixed  to  t»is  Primitive  Chri»tianily 
Revived,  containing  the  reasons  for  his  dissent  from  the 
cointiiunly  rvceivtd  notions  ol  the  trinity,  which  work  he 
published  the  next  year,  in  4 volunu^  8vo,  for  which  the 
Convocatiun  lell  upon  him  most  vehemently. 

In  17  13.  he  and  .Mr.  Diitun  compof<*d  thi-ir  scheme  for 
finding  the  longitude,  which  (hey  published  the  year  fol- 
lowing, a m«'thod  which  consisted  in  roeasUring  distances 
by  means  of  the  vi  locity  of  sound  ; some  more  particulars 
of  which  are  related  in  the  life  of  Mr.  Dittoo.— in  1719> 
he  published  an  ironical  Leiu-r  of  Thanks  to  doctor  Ro* 
bmson;  bishop  of  Lomlon,  for  his  late  Letter  to  his  clergy 
against  the  use  of  New  Forms  «f  Doxolugy.  And,  the 
same  year,  a Letter  to  the  ear)  of  Nottingham,  concern- 
ing tlid^Ktcniity  of  the  Son  of  C«od,  and  his  Holy  Spirit. 
—In  17‘20,  he  was  proposed  by  sir  ilans  Sloane  and  Dr. 
Halley  (»  the  Royal  Society  as  a member.;  but  was  re- 
fus'd adrmttnrice  by  sir  Isaac  Newton  the  president. 

On  Mr.  Whiston's  expulsion  from  Cambridge,  he  went 
to  Lrmdon,  where  be  conferred  with  Doctors  Clarke, 
Hoadley,  and  other  learned  men,  who  endeavoured  to  mo 
derate  bis  aval,  which  however  he  would  nut  sufTi-r  to  be 
tainted  or  corrupted,  and  many  were  not  much  saiivfu*d 
with  tdb.auibority  of  these  constitutions,  but  approved  his 
inb'grity.  Mr.Whiston  now  settled  in  London  with  his 
laniily;  where,  without  suffering  his  ardour  (o  l>e  intimi- 
dated, he  continued  to  write,  and  to  pr«  pagate  hi<>  Pri- 
mitive Christianity  with  as  much  fervency  as  if  he  had 
been  in  the  most  dourishing  circumstances;  which  how- 
ever were  so  bad,  that,  in  1721,  a subscription  was  made 
for  the  support  of  his  family,  which  amounted  to  4701. 
For  though  he  dreW  some  profits  from  reading  astronomi- 
cal and  philosophical  lectures,  and  also  from  his  publica- 
tions, which  wens  very  numerous,  yet  these  of  themselves 
were  very  irnuflicient ; nor,  when  joined  with  the  b<‘nevo- 
lencc  and  charity  of  those  who  loved  and  esteemed  him  for 
his'  learning,  integrity,  and  piety,  did  they  prevent  hit 
being  frequently  in  great  distress,- In  1722  be  published 


an  Essay  towards  restoring  the  true  text  of  the  Old  Tctla- 
ment.— In  1724,  The  Literal  Accumplishinent  ufNcripture 
Prophecies.- Also,  I'heCakulaiion  gf  Solar  Eclipses  with- 
out Parallaxes. — In  1726‘,  Ol  the  T hundering  Ixgton  itc. 
—In  I7.'7,  A Collection  of  Authentic  Recgrdv  belonging 
to  the  Old  and  New  TV'iaroeDi.— In  l73o.  Memoirs  of 
the  Life  of  Dr.  Ssunuel  Clnike.— In  1732,-  A \'indication 
of  the  Teitiraony  of  Phlegon,  or  an  Account  of  iiie  Oreat 
Darkness  and  urtbquake  at  our  baviour's  Pavyion,  de- 
acribed  by  Phlegon. — In  1730',  Athan«vii*n  F4»rgent  »,  &c. 
And  the  Primitive  Eucharist  n vived  —In  1737,  Tse  Astro- 
oomical  ^ ear,  parlicularly  of  the  Comet  loiebdd  by  sir 
Isaac  Newton.— Also  tli«  Genuine  Works  of  JTavius  Jose- 
phus.—In  1739*  Mr.  Whistun  put  in  bis  claim  to  the  ma- 
thenkHtival  prulessurship  at  Cambridge,  Uo-n  vacant  by  the 
death  of  Dr.  Saunderion,  in  a letter  to  Dr.  Ashton,  the 
master  of  Jesut-c'olh  gc;  but  no  regard  was  paid  to  it.— 
In  1743,  be  published  his  Primitive  New  Testament  in 
English. — In  1748,  his  fSacred  History  of  the  Old  and 
New  Testament.  Als<>,  Memoirs  of  his  own  Life  and 
Writings,  which  are  very  curious. 

Whiston  continued  many  years  a member  of  the  estab- 
lished church ; but  at  length  forsook  it,  on  account  of  the 
reading  of  the  Alhanasian  Cr«ed,  Hiid  went  over  to  (be 
Baptists;  wbicb  happened  while  he  was  at  the  house  of 
Samuel  Barker,  Ivsq.  at  Liiidon  in  HutUnd'^hire,  who  had 
married  his  daughter ; wheit*  he  died,  after  a week's  ill- 
ness, the  22d  of  August  1732,  at  upwards  of  84  years'of 
age.— We  have  mentioned  the  principal  of  bis  writings  in 
(he  loregoing  memoir;  U>  wliich  may  be  added.  Chronolo- 
gical Tables,  published  in  1730;  and  one  paper  only  in 
the  Philos.  Trans,  vol.  31,  on  two  mock  suus,  and  a halo 
seen  in  Oci.  1721. 

The  character  of  this  conscientious  and  worthy  man  has 
been  attempted  by  two  very  able  personages,  who  were 
well  ac(|uaintrd  with  him,  namely,  biahop  Hare  ami  Mr. 
Collins,  wbo  unite  in  giving  him  the  highest  applauses, 
for  hts  integrity,  piety,  &c. — Mr.  U'hision  left  tome  chil- 
dren behind  him;  aitiong  them,  Mr. John  VVhiston,  who 
wus  tor  many  years  a very  considerable  books«Tler  in 
London. 

WHIT'E,  one  of  the  colours  of  bodies.  Though  white 
cannot  properly  be  said  to  be  one  colour,  but  rather  a 
composition  of  all  the  colours  together:  fur  Newton  has 
demuBstrated  that  bodies  only  ap|M*ar  white  by  rclleciing 
all  the  kinds  of  coloured  rays  alike;  and  that  even  the 
light  of  the  sun  is  only  white,  because  it  consists  of  all 
colours  mixed  together. 

This  may  be  shown  mechanically  in  the  following  man- 
ner : Take  seven  parcels  of  coloured  fine  powders,  the 
same  as  the  primary  colours  of  the  rainbow,  taking  such 
quantities  of  these  as  shall  be  proportional  to  (he  rcsp<>c- 
tive  breadths  of  these  colours  in  the  rainbow,  which  are 
of  red  45  parts,  orange  27,  yellow  48,  green  60.  blue  6o, 
indigo  40,  and  of  violet  80;  then  mix  intimately  together 
thcM?  seven  parcels  of  powders,  and  the  mixture  will  be  a 
pretty  white  colour : this  is  only  similar  to  the  uniting  the 
prismatic  colours  together  #g«m,  to  form  a wliite  ray  or 
pencil  oflight  of  the  whole  of  them.  The  same  thing  is 
performed  conveniently  thus:  Let  the  flat  upper 
of  a top  be  divided  into  j60  equal  parts,  all|^oan4 
edge  ; then  divide  the  same  surface  into  seven'  kector.  in 
the  propurtion  of  the  numbers  nbovr,  by  seven  rndii  or 
lines  drawn  from  the  centre;  next  let  the  respective  co- 
lours be  painted  in  a lively  manner  on  these  spaces,  but 
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80  M the  eilgc  of  each  colour  may  be  made  nearly  like  ihc 
colour  next  adjoining,  that  the  sepamtion  may  not  be 
well  distinguished  by  the  eye ; then  if  the  top  Ik*  made  to 
•pin,  the  colours  will  thus  seem  to  be  mixed  all  together, 
and  the  whole  surface  will  ap|K>ar  of  a uniform  w hiieness : 
if  a large  round  black  spot  be  painted  in  iheniitldle,  sous 
there  may  he  only  a broad  Hut  ring  of  colours  around  it, 
the  cx|>criment  will  succeed  the  belter.  Se^^  Newton's 
Optics,  prop.  6,  book  1;  ami  Ferguson’s  Tracts,  pa.2tK>. 

While  bodies  are  found  to  take  brat  slower  than  black 
ones;  Ix'cause  the  latter  absorb  or  imbibe  rays  of  all  kinds 
and  colours,  and  the  I'urroer  reflect  them,  l^encc  it  is 
that  black  p»{M-r  is  sooner  put  in  flame,  by  a burning" 
glass,  than  white ; and  hence  also  black  clothes,  hung  up 
in  the  sun  by  the  dyers,  dry  sooner  than  white  ones. 

WHITKIll.'KST  (John),  an  ingenious  F.nglisb  philo- 
sopher, was  born  at  Conglclon  in  the  county  of  Cheshire, 
the  lOlh  of  .'\pril  1/13,  being  the  son  of  a clock  and  watch* 
maker  there.  Of  the  early  part  of  his  life  but  little  is 
known.  On  his  quilting  school,  where  it  seems  the  edu- 
cation he  ri'Ceived  was  \ery  defective,  he  was  brought  up 
by  his  father  to  bis  own  prufussion,  in  wliich  he  soon  gave 
hopes  of  his  future  eminence. 

It  was  early  in  life  that,  from  his  vicinity  to  the  many 
Stupendous  phenomena  in  Derbyshire,  which  were  con- 
stantly presented  to  his  observation,  lu^  attention  was  ex- 
cited to  inquire  into  the  various  causes  of  tlieni. 

-At  about  the  age  of21,  bis  eagerness  after  new  ideas 
carriiKl  him  to  Dublin,  having  heard  of  an  ingenious  piece 
of  mechanism  in  that  city,  being  a clock  with  certain  cu- 
rious appendages,  which  he  was  very  desirous  of  seeing, 
and  no  less  so  of  conversing  with  the  maker.  On  his  ar- 
rival however,  ho  could  neither  procure  a sight  of  the  for- 
mer, nor  draw  the  least  hint  from  the  latter,  concerning  it. 
Thus  dfsappointed,  he  fipH  upon  an  expedient  for  accom- 
plishing bis  design  ; and  accordingly  took  up  bis  residence 
in  the  house  of  the  mechanic,  paying  the  more  liberally 
for  his  board,  as  he  thus  had  hopes  of  more  readily  ob- 
taining the  indulgence  wished  for.  lie  was  accoramo- 
dak^i  with  a.  room  directly  over  that  in  which  the  favou- 
rite piece  was  kept  carefully  locked  up  : and  he  bad  not 
long  to  wait  for  his  gratilication ; for  the  artist,  while  one 
day  employed  in  examining  his  machine,  was  suddenly 
culled  downstairs;  which  the  young  inquirer  happening 
to  overhear,  softly  slipped  into  tbe  room,  inspixtcd  the  tna- 
cliine,  and,  prest-ntly  satisfying  himsilt  as  to  tbe  secret, 
escupi-d  undiscovered  to  his  own  apartment.  I lis  end  thus 
compassed,  he  shortly  after  ba<le  the  artist  farewell,  and 
returned  to  his  father  in  Kngland. 

About  two  or  ihre<‘  years  after  hi*  return  from  Ireland, 
he  left  Cuiiglcton,  and  entered  into  biisinw  for  himself 
at  Derby,  where  he  soon  procured  grout  employment, 
and  distinguished  himself  very  much  by  several  ingenious 
pu*ci-s  of  nn  chuiiism,  b'*ih  in  his  own  regular  line  of 
business,  and  in  tarious  other  respects;  as,  in  the  con- 
struction of  curious  thi  rinomeiers,  barometers,  and  other 
philosophical  iiisirumehts,  as  well  as  in  ingenious  con- 
trivances for  wuicr-woiks,  and  the  erection  of  vaiiuus 
larger  machines:  being  c msulrcd  in  almost  all  die  un- 
dertakings in  Dfibyshire,  and  in  the  neighhmning  coun- 
tii*5,  where  tin*  aid  of  .siipeiior  skill  in  mechanics  pneu- 
matics, and  hydraulics,  was  requisite. 

Ill  this  maimer  his  time  waV  tuHy  and  usefully  employ- 
ed in  ibo  country,  till,  in  1775,  when  tnc  act  passed  liir 
the  better  regulation  of  the  gold  coin,  he  was  appointed 


stamper  of  tbo  monoy-weiglits;  an  plBcc  conferred  ou 
him,  altogether  unexpectedly,  and  without  solicitation. 
Oil  this  occasion  he  removed  to  lomdon,  where  be  spent 
the  remainder  of  his  days,  in  the  constant  habits  of  cul- 
tivating some  useful  parts  of  philosophy  and  mechaaisin. 
Anil  here  bis  house  became  also  the  constant  resort 
of  the  ingenious  and  scientiflc  at  large,  of  whatever  na- 
tion or  rank,  and  this  to  such  a degree,  as  very  often  to 
impede  him  in  the  regular  prosecution  of  bis  own  specu- 
lations. 

In  1778,  Mr.  Whitehurst  published  his  Inquiry  into 
the  Original  State  and  Forinatton  of  the  F.arih;  of 'which 
a second  edition  appeared  in  I78b,  considerably  enlarged 
and  improved ; and  a third  in  179^*  This  was  tbe  labour 
of  many  years;  and  the  numerous  investigations  neces- 
sary to  Its  completion,  were  in  themselves  also  of  so  un- 
toward a nature,  as  at  times,  though  be  was  naturally  of 
a strong  constitution,  not  a little  to  prejudice  bis  health. 
>N'heti  he  first  entered  on  this  species  of  ri'scarch,  it  was 
not  altogether  with  a view  to  investigate  the  formation  of  * 
the  earth,  but  in  part  to  obtain  such  a competent  know- 
ledge .of  spbterraneous  geography  us  might  become  sub- 
servient to  tbe  purposes  of  human  life,  by  leading  man- 
kind to  the  discovery  of  many  valuable  substances  which 
lie  concealed  in  the  lower  regions  of  the  earth. 

May  the  13th,  1779,  he  was  elected  and  admitted  a 
Fellow  of  the  Koyal  Society.  He  was  also  a member  of 
some  other  philosophical  societies,  which  appointed  him 
of  tbeir  respective  bodies,  without  his  previous  know- 
ledge; but  so  roinote^was  he  from  any  thing  that  might 
savour  of  ostentation,  that  ibis  circumstance  was  known 
only  to  a very  few  of  his  most  confidential  friends.  Be- 
fore be  was  ntimitled  a member  of  the  Royal  Society, 
three  several  papers  of  his  had«breD  inserted  in  tbe  Phi- 
losophical 'i'ransactions,  viz,  Tliermomeirical  Observa- 
tions at  Derby,  in  vnl.  57  • An  Account  of  a Machine 
for  raising  Water,  at  Oulton,  in  Cheshire,  in  vol.  (>5  ; and 
Experiments  on  Ignited  Substances  vol.  66:  which  three 
papers  were  printed  afterwords  in  tbe  collection  of  bit 
works  in  I79^« 

In  1783  be  made  a second  visit  to  Ireland,  with  a view 
to  examine  the*  Giants' Causeway,  and  other  Hbrlhem 
paits  of  that  island,  which  he  found  to  be  chiefly  com- 
posed of  volcanic  matter:  an  account  and  representa- 
tions of  which  are  inserted  in  the  latter  editions  uf  bis 
Inquiry.  During  this  excursion,  he  erected  an  engine, 
for  raising  water  from  a will,  to  tbe  summit  of  a hill,  in 
a bleaching  ground, at  Tullidoi,  in  the  county  of  Tyrone: 
it  is  worki-d  by  a current  of  water,  and  fur  its  utility  is 
perhaps  uncqualli'd  in  any  country. 

In  1787  he  published,  An  .Attempt  toward  olttaining 
Invariable  Muisures  of  Length,  (’opacity,  and  Weight, 
from  the  Mmsoration  of  Time.  His  plan  is,  to  obtain 
a measure  of  the  greatest  length  that  conveniency  will 
piTiiiit,  fiom  two  jwiidulums  whose  vibrations  arc  in  the 
ratio  of  2 to  l,aud  whose  lengths  coincide  nearly  wiih 
Ibr  Ko^lish  standard  in  whole  numbers.  The  numbers 
which  iic  has  chosen  show  much  ingenuity.  -On  a sup- 
puMtiun  that  tbe  length  of  a seconds  ixnduiuin,  in  the 
latitude  of  London,  is  39^  inches,  the  length  of  one  vt- 
nriting  42  times  in  a minute,  must  be  80  inches;  and  of 
um>ther  vibrating  84  times  in  a minute  must  be  20  inches ; 
llmr  iliftVrcncc,  60  inches,  or  5 feet,  is  his  standard  nu-a- 
Rurc.  By  the  experiments  however,  the  differcuce  be- 
tween the  lengths  of  the  two  pendulum  rods,  was  found 
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to  |}<?  only  SP'Sfi'i  inches,  in»tend  of  60,  owing  to  the 
error  in  the  ussumeU  length  of  the  seconds  (ivmlulum, 
35)f  inches  being  greater  than  the  truth,  which  ought  to 
be  394  very  nearly.  By  this  experiment,  Mr.  White* 
hurst  obtained  a fact,  as  accurately  as  may  be  in  a thing 
of  this. nature,  eiz,  the  difference  between  the  lengths  of 
two  pendulum  rods  whose  vibrations  are  known  : a datum 
from  which  may  be  obtained,  by  calculation,  the  true 
lengths  of  pendulums,  the  spaces  through  which  heavy 
bodies  fall  in  u given  time,  and  many  other  particulars 
relating  to  the  doctrine  of  gravitation,  the  figure  of  the 
earth,  ^c,&c. 

Mr.  Whitehurst  had  been  at  times  subject  to  slight  at* 
tacks  of  the  gout,  and  he  had  for  several'  years  felt  him- 
self gradually  ilcclining.  By  an  attack  of  that  disease  in 
his  sturoach,  after  a struggle  of  two  or  three  month*,  it 
pur  an  end  to  his  laborious  and  useful  life,  on  the  15th 
of  February  1788,  in  the75lh  year  of  his  age,  at  his 
bouse  in  Bolt-court.  Floct-sin^t,  being  the  same  house 
where  another  eminent  self-taught  philosopher,  Mr  James 
Ferguson,  had  just  before  him  lived  and  died. 

Fur  several  years  before  his  death,  Mr.  Whitehurst  bud 
been  at  times  occupied  in  arranging  and  completing  some 
papers,  for  a treatise  on  Cltimiieys,  Ventilation,  and  Gar- 
den-stoves^ which  have  since  been  collected  and  given 
to  the  public,  by  Dr.  Wiltan,  in  179-i. 

However  respectable  Mr.  Whitehurst  may  have  been 
in  rncchatTics,  and  those  parts  of  natural  science  which 
be  more  immediately  cultivated,  he  was  of  still  higher 
account  with  his  acquaintance  and  friends  oh  the  score 
of  his  mural  qualities.  To  say  nothing  of  the  upright- 
ness and  punctuality  of  his  dealings  in  all  transactions 
relative  to  business;  few  men  have  Ixen  known  tu  possess 
more  benevolent  atfections  than  he,  or,  being  pusvesst-d 
of  such,  to  direct  them  mure  judiciously  to  their  proper 
ends.  With  regard  to  his  person,  he  was  above  the  mid- 
dle stature,  ratlier  thin  than  otherwUe,  and  of  a coun- 
tenance expressive  at  once  of  penetration  and  mildric.ss. 
His  fine  gray  lucks,  unpolluted  by  art,  gave  a venerable 
air  to  his  appearance.  In  dress  he  was  plain,  in  diet 
temperate,  in  his  genera!  intercourse  with  mankind  easy 
and  obliging.  In  company  he  was  cht'crful  or  grave  alike, 
according  to  the  dictate  of  the  occasion;  with  now  and 
then  a peculiar  species  of  humour  about  him,  delivered 
with  such  gravity  of  manner  and  utterance,  that  those 
ivho  knew  inm  but  slightly  were  apt  to  understand  him  as 
serious,  wlien  he  was  merely  playful.  But  where  any  de- 
sire of  inforniation  on  subjects  in  which  he  was  conver- 
sant was  e.xprvsscd,  he  omitted  no  opportunity  of  im- 
parting it. 

WHITSUND.W,  the  50th  day  or  seventh  Sunday  from 
Easter.— Tlie  season  properly  called  Pentecost,  is  popu- 
larly called  Whitsuntide;  because,  it  is  said,  in  the  primi- 
tive church,  the  newly  baptized  persons  came  to  church 
between  Easier  and  I’cntecoet  in  while  garments. 

WILKINS  (Dr.  John),  a very  ingenious  and  learned 
Englivh  hivhop  and  matheroaiician,  was  the  son  of  a gold- 
smith at  Oxfurd,  and  bom  in  1614.  After  being  edu- 
cated in  Greek  and  Latin,  in  which  be  made  a very  quick 
progn'ss,  he  was  entered  a student  of  New  Inn  in  that 
university,  when  be  was  but  13  years  of  age  ; but  after  a 
short  stay  there,  he  was  removed  to  .Magdalen  Hall, 
where  be  look  his  degrees.  Having  entered  into  holy 
ordets,  he  hrst  became  chaplain  to  William  Ia>rd  Say,  and 
afterwards  to  Charles  Count  Palatine  of  the  llhine,  with 
VouH. 


whom  he  continued  sometime.  Adhering  to  the  parlia- 
ment during  the  civil  wars,  they  made  him  warden  of 
Wadharo  college  about  the  yrar  i648.  In  1^56  he  mar- 
ried the  sister  of  Oliver  Cromwell,  then  lord  protector  of 
England,  who  granted  him  a dispensation  to  hold  his  war- 
detisbip,  notwithstanding  his  marriage.  In  l659»  he  was 
by  Richard  Cromwell  made  master  of  Trinity  college  m 
Cambridge;  buiejected  the  year  following,  on  the  restora- 
tion. lie  was  then  chosen  preacher  to  the  socivKy  of 
Gray's  Inn,  and  rector  of  St.  Lawrence  Jewry,  London, 
on  the  promotidn  of  Dr.  Scih  Ward  to  the  bishoprick  of 
Kxclcr.  He  was  one  of  the  first  members  of  tlie  Royal 
Society,  was  chosen  of  thdr  council,  being  indeed  their 
first  chief  s«'crctary,  and  proved  one  of  their  most  emi- 
nent members.  He  was  tAcrwards  made  dean  of  Kippon, 
and  in  l66'S  biahop  of  Chester;  but  died  of  the  stone  in 
16'73,  at  58  years  of  age. 

Bishop  Wilkins  was  a man  who  thought  it  prudent  to 
submit  to  the  powers  in  being;,  he  therefore  subscribed 
lu  thc«o]cmn  league  and  covenant,  while  it  was  enforced  ; 
and  was  equally  ready  to  swe.nr  allegiance  to  king  Charles 
when  he  was  restored:  this,  with  his  moderate  spirit  to- 
wards dissenters,  rendered  him  not  very  agreeable  to  the 
churchmen ; ami  yet  several  of  them  could  not  but  give 
him  one  of  the  best  of  characters.  Burnet  writes,  that 
**  be  was  a man  of  as  great  a mind,  as  true  a judgment, 
as  eminent  virtues,  and  of  as  good  a soul,  as  any  ho 
ever  knew  : that  though  he  married  Cromwell’s  sister,  yet 
he  mode  no  other  use  of  that  alliance,  but  to  do  good 
offices,  and  to  cover  the  university  of  Oxford  from  the 
Sourness  of  Owen  and  Goodwin.  At  Cambridge,  he 
joined  with  those  who  studied  to  propagate  better  (houghts, 
tu  divert  men  from  parties,  or  from  narrow  notions,  from 
superstitious  conceits,  and  fierceness  about  opioions.  He 
was  also  a great  observer  and  promoter  of  experimental 
philosophy,  which  was  then  quite  a new  subject,  and  much 
sought  after.  Ho  was  naturally  ambitious,  but  was  the 
wisest  clergyman  I ever  knewr.  He  was  a lover  of  man- 
kind, and  had  a delight  in  doing  good."  The  same  histo- 
rian mentions  afterwards  another  quality  which  Wilkins 
possessed  in  a supreme  degree,  and  which  it  was  well  for 
him  bo  did,  since  he  had  great  occasion  fur  thf  use  of 
it;  and  that  was,  says  he,  **  a courage,  which  coul<l 
stand  against  a current,  and  against  all  ibc  reproaches 
with  which  ill-nalun'd  clergymen  studied  to  load  him." 

Of  his  publications,  which  arc  all  of  them  very  inge- 
nious and  learned,  and  many  of  them  particularly  cu- 
rious and  entertaining,  the  first  was  in  when  he  was 
only  21  years  of  age,  via,  The  Discover^'  of  a New  World; 
or,  Discourse  to  prove,  that  it  is  probable  there  may 
he  another  Habitable  World  in  the  AIouii;  with  a Dis- 
course concerning  (be  Possibility  of  a Pa.ssage  thither.— 
In  4^40,  A Discourse  concerning  a New  Planet,  tending 
to  prove  that  it  is  probable  our  earth  is  one  of  the  Pla- 
nets.— In  1611,  Mercury  ; or,  the  Secret  and  Swift  Mes- 
stnger;  showing,  bow  a man  may  with  Privacy  and 
Speed  mmmunicnie  his  I'huugbts  to  a Friend  at  any 
Distance,  Svo.— In  ifi-fS.  Mathematical  Magic;  or,  the 
Wonders  that  may  be  performed  by  Mathematical  Geo- 
metry, 8vu.  All  ibtse  pieces  were  published  entire  iu 
one  volume  8vo,  in  1708,  under  the  title  of,  'I'he  Mathe- 
matical and  Piiilqsopbical  Works  of  the  Right  Rev.  John 
Wilkins,  8<c;  with  a print  of  the  author  and  general  title 
page  bandspmi’ly  engraven,  and  an  account  of  his  lift 
and  writing*.  To  this  collectiun  is  also  subjoined  an 
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abstract  of  a larger  work,  printed  in  166S,  folio,  en* 
titled.  An  Kbsay  towards  a Ueal  C-baracter  and  a Philo- 
sophical Language,  'rhese  were  all  his  mathematical 
and  philusupbicnl  works;  beside  which,  he  wrote  several 
tracts  in  theology,  natural  religion,  and  civil  f>olity, 
which  were  much  esteemed  for  their  piety  and  modera- 
tion, and  went  through  several  editions.  He  was  also  the 
inventor  of  the  Perambulator,  or  Measuring-wheel. 

WfLSON  (.Alex.)  h.  d.  was  professor  of  astronomy 
iu  the  university  of  Glasgow',  and  also  very  respectably 
learned  in  other  arts  and  sciences,  and  was  author  of  some 
ingenious  papers  in  the  Philos.  Trans.  Ho  was  also  re- 
markably eminent  as  a founder  of  printing-types,  an  ait 
which  he  carried  to  a high  state  of  excellence.  Dr.  Wil- 
son died  Oct.  IS,  ITSd,  and  was  succeeded,  in  both  his 
profeasions,  by  his  ingenious  and  Icarnc-d  son. 

WINCH,  a popular  term«for  a windlass.  Also  the 
bent  handle  for  turning  round  wheels,  griiuUslones,  &c. 

WIND,  a current  or  stream  of  air,  especially  when  it 
is  moved  by  some  natural  cause.  Wimhi  are  denomi- 
nated from  the  point  of  the  compass  or  horizon  they 
blow  from  ; as  the  east  wind,  north  wind,  south  ivind, 
A;c.  Winds  are  also  divided  into  several  kinds;  as  gene- 
ral, particular,  perennial,  stated,  variable,  ^c. 

Conatant  or  iVmtma/ Wik  os,  arc  those  that  always 
blow  the  same  way;  such  as  the  rcmaikablc  one  belvvoen 
the  two  tropics,  blowing  constantly  from  east  to  west, 
called  also  the  general  trade-wind. 

Stated  or  Periodical  Winds,  arc  those  that  constantly 
return  at  certain  times.  Such  arc  the  sea  and  land 
breezes,  blowing  from  land  to  sea  in  the  niuriiing,  and 
from  si'u  to  land  in  the  evening.  Such  also  arc  the  shift- 
ing  or  particular  tradc-wind»,  which  blow  one  way  dur- 
ing certain-  months  of  the  year,  and  the  contrary  way 
the  rest  of  the  year. 

Variable  ox  Erratic  WtNDs,  are  such  as  blow  without 
any  r^ularity  either  as  to  lime,  place,  or  direction.  Such 
are  the  winds  in  the  interior  parts  of  l*liiglBnd,  ^cc : though 
some  of  these  claim  their  certain  times  of  the  «lny;  as, 
the  north  wind  is  most  frequent  in  the  morning,  the  west 
wind  ab(mt  noon,  and  the  south  wind  in  the  night. 

General  Wind,  is  such  as  blows  at  the  same  time  the 
same  way,  over  a very  large  tract  of  ground,  most  part  of 
the  year;  as  the  general  trade-wind. 

Particular  Winds,  include  all  others,  except  the  ge- 
neral trade  winds.  Those  peculiar  to  one  little  canton  or 
province,  are  called  topical  or  provincial  winds.  The 
winds  are  also  divided,  with  rospi'Ct  to  the  points  of  the 
compass  or  of  the  horizon,  into  cardinal  and  collateral. 

Cardituil  Winds,  arc  those  blowing  from  the  four  car- 
dinal points,  east,  west,  north,  and  south. 

CoHatenil  Winds,  ore  the  intermediate  winds  between 
any  two  cardinal  winds,  ami  take  their  names  from  the 
point  of  the  compa>s  or  horizon  they  blow  from. 

In  navigation,  wlien  the  wind  blows  gently,  it  is  callcil 
a breeze;  wlien  it  blows  harder,  it  Is  called  a gale,  or  a 
slilfgalo;  and  when  it  blows  very  hard,  a storm'.  Kora 
particular  account  of  the  trade-winds,  monsoons,  ^<c, 
5»t*  Philos.  Tmns.  No.  18:l,  or  Abridg.  vol.  1,  pa.  375. 
Also  KoberUun’t  Navigation,  book  5,  sect.  G. 

A wind  blowing  from  thcs^i,  is  always  moist ; as  bring- 
ing with  it  the  copious  evaporation  and  exhalations  from 
the  waters:  also,  in  summer,  it  is  cool;  and  in  winter 
warm.  On  the  contrary,  a wind  from  the  continent,  is 
always  dry;  warm  in  summer,  and  cold  in  winter.  Our 


northerly  and  southerly  winds  how'cver,  which  are  usually 
accounted  the  causes  of  cold  and  warm  weather.  Dr. 
Derham  observes,  are  really  rather  the  efi'ect  of  the  cold 
nr  warmth  of  the  atmosphere.  Hence  it  is  that  we  often 
find  a warm  southerly  wind  suddenly  change  to  the  north, 
by  the  fall  of  snow  or  hail ; and  in  a cold  frosty  niurning, 
we  6nd  the  wind  north,  which  alieruard  sliilts  about  to 
the  southerly  quarter,  when  the  sun  has  well  warmed  the 
air;  and  again  in  the  cold  evening,  turns  northerly,  or 
easterly. 

Phyatcal  Cause  n/"  Winds.  Some  philosophers,  as  Des- 
cartes, llohuuir,  &:c,  account  for  the  general  wind,  from 
the  diurnal  rotation  of  the  earth;  and  from  ihiii  general 
wind  tiny  derive  all  the  particular  ones.  Thus,  the 
earth  turns  eastward,  (he  particles  of  the  air  near  the 
equator,  being  very  light,  arc  kft  behind ; so  that,  in  re- 
spect of  the  earths  surlucc,  they  move  westwards,  and  be- 
come a constant  easterly  wind,  as  they  arc  found  Ix'tivecn 
the  tropics,  in  those  parallels  of  latitude  where  the  diuinal 
motion  is  swiftest.  But  yet,  against  ibis  hypothesis,  it  is 
urged,  (imt  the  air,  being  kept  close  to  the  earth  by  the 
principle  of  gravity,  would  in  lime  acquire  the  same  de- 
gree of  velocity  that  the  earth's  surluce  moves  with,  as 
well  in  respect  of  the  diurnal  rotation,  as  of  the  an- 
nual revolution  about  the  sun,  which  is  about  30  times 
swifter. 

Dr.  Halley  therefore  substitutes  another  cause,  capable 
of  producing  a like  constant  edect,  not  liable  to  the  same 
objections,  but  more  agreeable  to  the  known  propeities  of 
thcclenu’iils  of  air  and  water,  and  the  law^  ui  the  motion 
of  fluid  hudica.  And  that  is  tbeiiclion  <>l  the  sun's  bi'ams, 
as  he  passi's  every  day  over  the  air,  tartb,  uikI  water, 
combined  with  tho  situation  of  the  adjoining  continents. 
Thus,  the  air  which  is  less  rart'fied  or  expanded  by  beat, 
must  have  a motion  towards  tbo*«  parts  which  are  mure 
rarefied,  and  less  ponderous,  to  bring  the  vshole  to  an 
equilibrium;  and  h»  the  sun  kteps  continually  shifting  to 
the  w<<siward,  the  tendency  of  the  whole  body  of  the 
lower  air  is  that  way.  Thus  a general  envierly  wind  is 
formed,  which  being  impres'ied  on  the  air  of  a vjist  ocean, 
tbe  parts  impel  one  another,  and  so  keep  moving  till  the 
next  return  of  the  sun.  by  which  so  much  of  the  motion 
as  was  lost,  is  ugnin  restored  ; and  thus  the  ensierly  wind 
is  made  perpetual.  But  as  the  air  towards  the  north  and 
south  is  less  rarefied  than  in  the  middle,  it  follows  that 
from  both  sides  it  ought  to  tend  towards  the  equator. 

This  motion,  compounded  with  the  former  easterly 
wind,  accounts  for  all  the  plieiiomenaof  the  general  trade- 
winds,  w hich,  if  the  whole  surface  of  the  globs*  were  «ea, 
would  blow  quite  round  the  world,  as  they  are  found  to 
do  in  tbe  Atlantic  and  the  Lliiiupic  oceans.  Hut  the  Urge 
continents  of  land  in  this  middle  tract,  being  excessively 
heated,  communicate  their  heat  to  the  air  above  them, 
by  which  i(  is  c.scetdingly  rarelied,  which  makes  it  .uces- 
sary  that  tho  cooler  and  denser  air  should  rush  in  towards 
it,  to  restore  the  equilibrium.  'I'his  is  supposed  to  bo  the 
cause  w'hy,  near  the  coast  of  Guinea,  the  wind  always 
sets  in  on  the  land,  blowing  westerly  instead  of  easicily. 

From  the  same  cause  it  happens,  that  there  ure  such 
constant  calms  in  that  part  of  (he  ocean  called  the  ruins; 
for  this  truct  U’ing  placed  in*tlie  middle,  between  the 
westerly  winds  blowing  on  the  co;tst  of  (•utiirif,  and  the 
easterly  trade-winds  blowing  to  the  wc'st ward  of  it;  the 
tendency  of  the  nir  here  is  indifTei'elit  to  either,  and  so 
stands  in  equilibrio  between  buth  ; and  the  weight  of  tha' 
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incumbent  atmosphere  being  diminished  by' the  continual 
contrary  wimU  blowing  hence,  is  tbe  reason  that  the  air 
here  retains  not  the  copious  vapour  it  receives,  but  lets  it 
fall  in  so  frequent  mins. 

it  is  also  to  be  considered,  that  to  the  northvrard  of  the 
Indian  ocean  there  is  every  where  land,  within  the  usual 
limits  of  the  latitude  of  30%  viz.  Arabia.  Persia.  India. 
&c»  which  are  subject  to  excessive  heats  when  the  sun  is 
to  the  north,  passing  nearly  vertical;  but  which  arc  tem- 
perate enough  when  the  sun  is  removed  towards  the  other 
tropic,  because  of  a ridge  of  mountains  at  tome  distance 
within  the  land,  said  to  be  often  in  winter  covered  with 
snow,  over  w hich  tbe  air  as  it  passes  must  needs  be  much 
chilb-d.  Hence  it  happens  that  the  air  coming,  accoid- 
iiig  to  the  general  rule,  out  of  the  north-east,  to  the  In- 
dian sea.  IS  sometimrs  hotter,  sometimes  colder,  than  that 
which,  by  a circulation  of  one  current  over  another,  is 
rciumc'd  nut  of  the  south-west ; and  consequently  some- 
times the  under  current,  or  wind,  is  from  the  north-east, 
sometimes  from  tbe  south-west. 

That  this  has  no  other  cause,  appears  from  the  times 
when  these  winds  set  in,  viz,  in  April : when  the  sun  begins 
to  warm  iIk'sc  countries  to  the  north,  thesuutb-wcst  mon- 
soons begin,  and  blow  during  tbe  beats  till  October,  when 
the  sun  having  retired,  and  all  things  growing  cooler 
northward,  but  the  heat  increasing  to  the  south,  the  north- 
east winds  enter,  and  blow  all  the  winter,  till  April  again. 
And  it  is  doubik'ss  from  the  same  principle,  that  to  tbe 
southward  of  the  equator,  in  part  of  tbe  Indian  ocean, 
th^  north-west  winds  succeed  the  south-east,  when  the 
sun  draws  near  the  tropic  of  Capricorn.  Philos.  I'iniis. 
No.  183. 

But  some  philosophers,  not  satisliod  with  Dr.  Hal)ey*s 
theory  above  recited,  or  thinking  it  not  sufficient  for  ex- 
plaining the  various  phenomena  of  the  wind,  have  had  re- 
course to  another  cause,  viz,  the  gravitation  of  the  earth 
and  its  atmosphere  towards  the  sun  and  moon,  to  which 
the  tides  are  confessedly  owing.  1'hcy  nlh  ge  that,  though 
wc  cannot  discover  aerial  tides,  of  ebb  or  flow,  by  means 
of  the  barometer,  because  columns  of  air  of  unequal 
height,  but  difierent  density,  may  liavcdhe  same  pressure 
or  weight ; yet  the  protuberance  in  the  atmosphere,  which 
is  continually  following  the  moon.  must,  say  they,  occa- 
sion a motion  in  all  parts,  and  so  produce  a wind  more  or 
less  to  every  place,  which  conspiring  with,  or  being  coun- 
teracted by.  the  winds  arising  from  other  causes,  makes 
them  greater  or  less.  Several  dissertations  to  this  pur- 
pose were  published,  on  occasion  of  the  subject  propos<>d 
by.ihc  Academy  of  Sciences  at  Berlin,  for  the  year  1746. 
But  Musschvnbroek  will  not  allow  that  the  attraction  of 
the  moon  is  the  cause  of  the  general  wind  ; because  the 
east  wind  docs  not  follow  the  motion  of  the  moon  about 
the  earth  ; for  in  that  case  there  would  be  more  than  24 
changes,  to  which  it  would  be  subject  in  the  course  of 
a year,  instead  of  two.  Introd.  ad  Phil.  Nat.  vol.  2, 
pa.  1102. 

And  Mr.  Henry  Eclos,  conceiving  that  the  rarefaction 
of  the  air  by  the  sun  cannot  simply  be  the  cause  of  all 
the  regular  and  irregular  motions  which  we  And  in  the 
atmosphere,  ascribes  them  to  another  cause,  viz,  the 
ascent  and  descent  of  va|>ourand  exhalation,  attend^  by 
the  electrical  Are  or  fluid ; and  on  this  principle  he  has 
endeavoured  to  c.vpiain  at  large  the  general  phenomena 
of  the  weather  and  barometer.  Philos.  Trans,  vol.  49. 
pa.  124. 
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Latut  tif  ihe  Proi/ac/ioii  q/*WiKn. 

The  chief  laws  concerning  tho  production  of  wind, 
may  be  collected  under  the  Adlowiiig  heads. 

1.  If  the  spring  of  the  air  be  weakened  in  any  place 
more  than  in  the  adjoining  places,  a wind  will  blow 
through  the  place  where  the  dimiuution  is  ; because  the 
less  elastic  or  forcible  will  give  way  to  that  which  is  more 
so,  and  tbcnce  induce  a current  of  air  into  that  plact', 
or  a wind.  Hence,  because  the  spring  of  the  air  io- 
creases,  as  the  compressing  weight  increitH'S.  and  Coin- 
pressed  air  is  denser  thun  that  which  is  less  compressed  ; all 
winds  blow  into  rarer  air, out  ofa  place  Ailed  with  a denser. 

2.  Therefore,  because  a denser  air  is  speciAcuUy  hea- 
vier than  a rarer;  an  cxtraordiiury  lightness  of  the  air  in 
any  place  must  be  attended  with  extraordinary  winds,  or 
Storms.  Now,  an  extraordinary  fall  of  the  mercur)  in  the 
barometer  showing  an  extraordinary  lightness  of  the  at- 
mosphere. k is  no  wonder  j/  that  furcteU  slurins  of  wind 
ami  rain. 

3.  If  tho  air  be  suddenly  condensed  in  any  plate,  its 
spring  will  be  suddenly  diminished;  and  hence,  if  this 
diminution  bv*  great  enough  to  affect  the  barometer,  a 
wind  will  blow  through  the  condensed  air.  But  since  tbe 
air  cannot  be  suddenly  condensed,  unless  it  has  before 
been  much  rari  Aed.  a wind  will  blow  through  the  air.  at 
it  cools,  after  having  been  violently  heated. 

4.  In  like  manner,  if  air  be  suddenly  rareAed.  its  spring 
is  suddenly  increased;  and  it  will  therefore  floW  through 
the  air  not  acted  on  by  the  rarefying  force.  Hence  a 
wind  will  blow  out  of  a place,  in  which  tbe  aic  is  sud- 
denly rareAed;  and  on  this  principle  probably  it  is.  that 
the  sun,  by  rarefying  the  air.  must  have  a great  influence 
on  the  production  of  winds. 

5.  Most  caves  arc  found  to  emit  wind,  either  more  or 
K-ss.  Musschenbroek  has  enumerated  a variety  of  causes 
that  produce  winds,  existing  in  the  bowels  of  ibc  cnrih,  on 
as  surface,  in  the  almospberr,  and  above  it.  Sec  Introd. 
ad  Phi).  Nat.  vol.  2,  pa.  III6. 

6.  The  rising  and  changing  of  the  winds  arc  determined 
by  weathercocks,  placed  on  tbe  tops  of  high  buildings, 
^c.  But  these  only  indicate  what  passes  about  their 
own  height,  or  near  the  surface  of  the  earth.  And  Wol- 
Aus  assures  us,  from  observations  of  several  yean,  that 
the  higher  winds,  which  drive  the  clouds,  are  dilferent 
from  the  lower  ones,  which  move  the  weathercocks.  In- 
deed it  is  no  uncommon  thing  to  sec  one  tier  of  clouds 
driveji  one  way  by  a wind,  and  another  tier  just  over  the 
former  driven  the  contrary  way,  by  another  current  of 
air,  and  that  often  with  very  different  velocities.  And  the 
late  experiments  with  air  balloons  have  proved  the  fre- 
quent existence  of  counter  winds,  or  currents  of  air,  even 
when  it  was  not  otherwise  visible,  nor  at  all  expected  ; by 
which  they  have  been  fuuud  to  take  very  different  and  un- 
expected courses,  as  they  have  ascended  to  higher  eleva- 
tions in  the  atmosphere. 

Latis  o/Me  Force  and  Vdocity  qf  the  Wikd, 

Wind  being  only  air  in  motion,  and  tlic  motion  of  a 
fluid  againsba  body  at  rest,  creating  the  same  resistance 
as  when  the  body  moves  with  the  same  velocity  through 
tbe  fluid  at  rest;  it  follows,  that  the  force  of  the  wind, 
and  the  laws  of  its  action  on  bodies,  may  be  referred  to 
those  of  their  resistance  when  moved  through  it;  and  as 
these  circumstances  have  been  treated  pretty  fully  under 
the  article  Rf-sibtancc  qf/Ac  Air.  (here  is  no  occasion 
here  to  make  a repetition  of  them.  We  there  laid  down 
4l2 
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both  the  quantity  and  laws  of  such  a force,  on  bodies  of 
different  shape*  and  sites,  moving  wUh  all  degrees  of  ve- 
locity up  to  2000  tvH  per  second,  and  also  ff>r  planes  set 
at  all  degrees  of  obliquity,  or  inclination  to  the  direction 
of  motion  i all  these  circumstances  having,  for  the  first 
time,  been  determined  by  real  experiments. 

A9^o  the  Veiociiy  qf  the  iVind  : philosophers  have  made 
use  of  various  methods  f{»r  determining  it  The  method 
employed  by  Dr.  Derham,  was  by  letting  light  downy 
feathers  fly  in  the  air,  and  nicely  observing  the  distance  to 
which  they  were  carried  in  any  number  of  half  seconds. 
Me  says  that  he  thus  measured  the  velocity  of  the  wind 
in  the  great  storm  of  August  1705,  which  he  found  moved 
at  the  rate  of  33  feel  in  half  a second,  or  43  miles  pi*r 
hour:  whence  he  concludes,  that  the  most  vehement 
wind  does  not  fly  at  the  rate  of  above  50  or  60  miles  an 
hour;  and  that  at  a medium  the  velocity  of  wind  is  at  the 
rate  of  12  or  15  miles  per  hour.  Philos.  Trans.  No.  313. 

Mr.  Brice  observes  however,  that  experiments  with 
feathers  arc  liable  to  much  uncertainty;  as  they  hardly 
ever  go  forward  in  a straight  direction,  but  spirally,  or 
else  irregularly  from  side  to  side,  or  up  and  down. 

Me  therefore  considers  the  motion  of  a cloud,  by  nvans 
of  its  shadow  over  the  surface  of  the  earth,  as  a much 
more  accurate  measure  of  the  vclociry  of  the  wind.  In 
this  way  he  found  that  the  wind,  in  a considerable  storm, 
moved  at  the  rate  of  near  63  miles  nn  hour;  and  when  it 
blew  a fresh  gale,  at  the'ralc  of  21  miles  per  hour;  and 
in  a small  bn-eze  it  was  near  10  mib*s  an  hour.  Philo*. 
Trans.  woI,56,  pa. 226. 

In  the  Philos.  Trans,  for  1759»pa- 1^5,  Mr.  Smealon  has 
given  a table,  communicated  to  him  by  a Mr.  Kuuse,  lor 
showing  the  force  of  the  wind,  with  s«*veral  different  velo- 
cities, which  is  here  inerted  below,  as  1 find  the  numbers 
nearly  agree  with  rayown  experiments  madron  the  resistance 
of  the  air,  when  the  resisting  surfaces  arc  reduced  to  the 
same  size,  by  a due  proportion  fur  the  resistance,  which  is 
in  a higher  dega*e  than  that  of  the  surfaces.  The  table 
of  my  ri'sults  is  printed  under  the  article  AxeMOMETEK. 

A Tabic  of  the  different  Velocities  and  Forces  of  the  Wind, 
according  to  their  common  appellations. 


Vetucitv  oT  the 

PerperHjini* 

Wir>d. 

l«r  lom  on 

Common  uppelUtion*  nf  the  Winds. 

il  K). 

in  one 

lartHnlupoi* 

honr. 

mnii. 

Ipourvh. 

1 

1*7 

■005 

Hardly  perceptible. 

2 

3 

2*93 

4-40 

•020 

•OM 

■Just  perceptible. 

4 

5 

J-87 

7;’.3 

*079 

•123 

Gentle  pleasant  wind. 

10 

15 

14*67 

2200 

•492 

1*107 

’ Pleasant  brisk  gale. 

20  i 

25  i 

29*34 

36*67 

1*968 

3075 

Ver\'  brisk. 

30 
35  1 

44*01 

51*34 

4*429 

6027 

1 High  Winds.  , 

40 

45 

58*68 
66  01 

7-873 

9-963 

j-  Very  high. 

50 

733s 

12*300 

A storm  or  tempest. 

60 

88*02 

17-713 

A great  storm. 

80  : 

II 7-36 

31  490 

A hurricane. 

1 A hurricaitc  that  tears  up 

100 

U6-70 

49^200 

> trees,  and  carries  buildings 
) bic  before  it. 

The  Velocity  and  force  of  the  wind  are  aUo  determined 
experimentally  hy  turious machines,  calUd  anemumetcni, 
wind-mea»urers,  or  wind-gages ; the  description  of  which 
ace  under  these  articles. 

^The  force  of  the  wind  is  nearly  as  tl.c  square  of  the  ve- 
locity, or  but  little  above  it,  in  these  velocities.  But  the 
force  is  much  more  than  in  the  simple  ratio  of  the  sur-  ' 
faces,  with  the  same  velocity,  and  this  increase  of  the  ra- 
tio is  the  more,  as  the  velocity  is  more.  Hy  accurate  ex- 
periments with  two  planes,  the  oih*  of  17|  square  imhrs, 
the  other  of  32,  which  arc  nearly  in  the  tutio  of  5 to  9,  I 
found  ihclr  resistances,  with  a velocity  of  20.  feet  per  se- 
cond, to  be,  the  one  I I96  ounces,  and  the  other  2*543 
ounciit;  which  are  in  the  ratio  of  8 to  17,  Uing  nn  in- 
crease of  between  | and  | port  more  than  the  ratio  of  the 
surfact**. 

UINDAGK,  a Gun,  is  the  diflerciice  between  the 
^diameter  of  the  bore  of  the  gun,  and  the  dianu-li  r of  the 
ball.  Formerly  the  windage  ap|M)iiiied  in  the  F.ngli^h  ser- 
vice, viz,  Vo  of  the  diameter  of  the  bore,a  of  long  u^age, 
has  been  far  too  much,  perhaps  owing  to  the  first  want  of 
roundness  in  the  ball,  or  to  rust,  foulness,  and  trreguiari- 
tics  in  the  bore  i>f  the  gun.  Bui  lately  a beginning  has 
l>een  made  to  diminish  the  w indage,  which  cannot  laii  to 
lM‘of  great  advantage;  as  the  shot  will  go  much  truer,  and 
have  li?is  room  to  bounce  about  from  side  to  side,  to  the 
great  damage  of  the  gun  : and  besides,  much  less  powder 
will  serve  for  the  same  efleci,  as  in  some  cases  | or  4 the 
inflamed  pow  tier  escapes  by  the  windage.  The  French  al- 
lowance ui  windage  is  ^ of  the  diameter.  Ivr  more  on 
this  subject,  see  the  experiments  desciibed  in  my  Tracts, 
vols.  2 and  3. 

WINDLASS,  or  Wi.vDi.ACK,  a particular  machine  used 
for  raising  heavy  weights,  as  guus,  stones,  anchors,  &;c. 

This  is  a very  simple  machuie,  consisting  only  of  an 
axis  or  roller,  supported  horizunially  at  the  two  ends  by 
two  posts  and  a pulley  ; the  two  posts  meet  at  top,  being 
placed  diaBotiully,  so  as  to  prop  each  other ; and  the  axis 
or  roller  goi-.s  through  the  two  posts,  and  turns  in  them  ; 
the  pulley  being  fastened  at  lop,  when*  the  posts  join, 
l^astly,  there  are  two  stavea  or  handspikes,  which  go 
through  the  roller,  to  turn  it  by;  and  the  rope,  which 
goes  over  the  pulley,  is  wound  nn  and  ofl  the  same. 

Windlass  in  a Ship,  is  art  instrument  in  small  ships 
placed  upon  deck,  but  just  abaft  the  foremoat.  It  con<us>* 
of  a stout  piece  of  timber,  in  form  of  anaxletree,  placed 
horizontally  on  (wo  pieces  of  wood  at  the  ends,  on  which 
it  is  turned  about  by  means  of  handspikes,  put  into  bolts 
made  for  that  pur|>ose.  This  invirumeiu  serves  lor  weigh- 
ing anchors,  or  hoisting  any  great  weight  in  or  out  ot  the 
ship;  it  wilt  purchase  much  more  than  any  capstan,  and 
that  without  any  danger  to  those  who  heave;  for  if,  in 
heaving  the  windlass  about,  any  of  the  bandfipiki*s  should 
happen  to  break,  the  windlass  would  stop  of  itself. — See 
fig.  15,  pi.  40. 

WiKD-Gagv,  in  Pneumatics,  an  insirumcnt  serving  10 
determine  the  velocity  and  force  of  the  wind.  See  Ane- 
MOMRTr.H,  A»F.MoscorB,and  the  article  just  above, con- 
cerning the  force  and  velocity  of  the  wind. 

Dr.  Halos  had  various  contrivance*  for  this  purpose. 

Me  found  (Stalicai  K*says,  vol.2,  pa.  326)  that  the  air 
rushed  out  of  a smith's  bellows,  at  (be  rale  ol  6b|  feet  in 
a second  of  lime,  when  comprv»si-d  with  a force  of  half  a 
pound  on  every  squan*  inch  lying  on  the  whole  upper  sur- 
face of  the  bellows.  'I'hc  velocity  of  (he  air,  os  it  [massed 
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nut  of  ihc  trunk  of  bis  ventilators,  was  found  to  be  at  the 
rule  of  3000  feel  in  u minute,  which  is  at  the  rate  of  34 
milt  s an  hour.  The  same  author  observes,  that  the  velo- 
city with  which  impelled  air  passes  out  at  any  orifice,  irmy 
be  Jelerminedl  by  hanging  u light  valve  over  the  nose  of  h 
bellows,  by  pliant  leathern  hinges,  which  will  be  much 
agitated  and  lifted  up  from  a perpendicular  to  a more  than 
horizontal  pfisition  by  the  force  of  the  rushing  air. 
There  is  also  another  more  accurate  vvu^*,  he  says,  ofesti- 
mating  the  velocity  of  air,  viz,  by  holding  the  onHce  of 
an  inverted  glass  siphon  full  ul  water,  opposite  to  the 
stream  of  air,  by  which  the  water  will  Ic  dcpn'ssed  in  one 
leg,  and  raised  in  the  other,  in  proportion  to  the  furcewith 
which  the  water  is  impelled  by  the  air.  Descrip,  of  Ven- 
tilators, 1743,  ]>o.  12.  And  this  perhaps  gave  Dr.  Lind 
the  idea  of  his  wind-gage,  mentioned  below. 

M.  Houguer  contrived  a simple  instrument,  by  which 
may  be  immediately  discovered  the  force  which  the  wmd 
exerts  on  a given  surface.  This  is  a hollow*  tube,  a abb 
(hg.  14,  pi.  40),  in  which  a spiral  spring  CD  is  tixed,  that 
may  be  more  or  less  compressed  by  u rod  isd,  passing 
through  a hole  within  the  tube  at  a a.  Then  having  ob- 
scrveil  to  what  degree  different  forces  or  given  weights  are 
capable  of  compressing  the  spiral,  mark  divisions  on  the 
rod  it)  such  a mannrr,thut  the  mark  at  s may  indicate  the 
weight  retjuisire  io  force  the  spring  into  the  situation  cn : 
afterwards  join  at  right  angles  to  this  rodnt  p,  a plane  sur- 
face EFB  of  any  given  area  at  pleasure;  then  let  this  in- 
strument be  opposed  in  the  wind,  so  that  it  may  strike  the 
surface  perpendicularly,  or  parallel  in  the  rod;  then  will 
the  mark  at  h show  the  weight  to  which  the  force  of  the 
wmd  is  equivalent. 

Dr,  Lind  has  niso  contrived  a sim)de  and  easy  apparatus 
of  this  kind,  nearly  on  the  lust  idea  of  Dr.  Hales  mention- 
ed above.  This  instrument  is  fully  expl.vined  under  the 
article  Asemo.uetcr,  and  a figure  of  it  given,  pl.3, 
tig  4. 

Mr.  Uenjamin  Martin,  from  a hint  first  suggested  by 
Dr.  Burton,  contrived  an  anemoscope,  or  wind-gage,  of  a 
comtructiun  like  a wind-mill,  with  foiirsails ; but  the  a.sis 
which  (he  sails  turn,  is  not  cylindrical,  but  conical,  like 
the  fusee  of  a watch  ; about  this  tusee  winds  a curd,  hav- 
ing a Weight  at  the  end,  which  is  wound  always,  by  the 
force  of  the  wind,  on  the  sails,  till  the  weight  Just  balances 
thrU  fi*rce,  which  will  be  at  a thicker  part  of  the  fusee 
when  the  wind  is  strong,  and  at  a smaller  part  of  it  when  it 
is  weaker.  Bnt.  though  this  instrument  shows  when  a 
wind  is  stronger  or  weaker,  it  will  neither  show  what  U 
the  actual  velocity  of  the  wind,  nor  yet  its  force  upon  a 
square  ftml  of  direct  surface;  because  the  sails  are  act  at 
an  uncertain  oblique  angle  to  the  wind,  and  this  acts  at 
different  dii.tance9  from  the  axis  or  centre  of  motion. 
Martins  Phil.  BriL  vol.2,  pa. 21 !.  See  the  fig.5.  plate 3» 
vol.  I. 

\ViKD-f»tf«,  the  same  as  Aia-Oim;  which  see. 

Wix o-.V/f/,  a kind  of  mill  which  receives  its  motion 
from  the  impulse  of  the  wind,— The  internal  structure  of 
the  windmill  is  much  the  same  with  that  of  watermills: 
the  difference  between  tbent  lying  chiefly  inan  external  ap- 
paratus, for  the  application  q)'  the  power.  This  apparatus 
consists  of  an  axis  tv  (fig.  1 1, pi.  41),  through  which  pass 
}>erprinlicular  to  it,  and  to  each  other,  two  arms  or  yards, 
A B and  CD,  usually  about  32  feet  long  : on  tbi-se yards  are 
formed  a kind  if  sails,  vanes,  or  flights,  In  « trapezoid 
form,  with  parallel  cads;  (be  greater  of  which  ui  is  about 
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6 feet,  and  the  le.ss  po  arc  determined  by  nidil  drawn  from 
tbe  centre  E,  to  i and  if. 

The>e  sails  are  to  be  capable  of  heir^  always  turned  to 
the  wind,  to  receive  its  impulse:  for  which  purpose  there 
arc  two  different  contrivances,  which  constitute  the  two 
different  kinds  of  windmills  in  common  use. 

1,  In  the  one,  tbe  whole  mnchhie  is  supported  upon  a 
moveable  arbor,  or  axis,  fixed  upright  on  a stand  or  foot ; 
and  turned  round  occasionally  to  suit  the  wind,  by  means 
of  a k'ver. 

In  the  other,  only  the  cover  or  roof  of  the  machine,  with 
the  axis  and  sails,  m like  manner  turns  round  with  a pa- 
rallel or  horizontal  motion.  For  this  purpose,  the  cover 
is  built  lurrct-wise,  and  encompassed  with  a wooden  ring, 
having  a groove,  ul  the  bottom  of  which  are  placed,  at 
Certain  distances, a number  of  brass  truckles;  and  within 
the  groove  is  another  ring,  on  vvhich  the  whole  turret 
stands.  'I'o  the  moveable  ring  are  cooMCted  beams  ah 
and /e\  und  to  the  beam  ah  is  fastened  a rope  at  6,  having 
its  other  end  fitted  to  a windloss,  or  axis-in-pcriirocbio  : 
this  nipc  being  drawn  through  the  iron  hook  o,  and  the 
windlass  turned,  the  sails  are  moved  round,  and  set  front- 
ing the  wind,  or  with  the  a.vis  pointing  struigiii  against  the 
wind. 

Tbe  internal  mechanism  ofa  windmill  isexhibited  in  fig. 
12;  where  aiio  is  the  upper  room,  and  iroz  the  lower 
one;  ab  the  axic-irro  passing  through  the  mill;  stvw 
the  sails  covered  with  canvas,  set  obliquely  to  the  wind, 
and  turning  round  in  the  order  of  the  letters  ; cd  the  ci^- 
vvbee),  having  about  48  cogs  or  teeth,  o,  a,  a,  6cc,  which 
carry  round  the  lantera  ee,  having  8 or  9 trundles  or 
rmiiids,  c,c,  c,  hecy  together  with  its  upright  axis  cn  ; IK 
is  the  upper  mdl-siLme,  and  lm  the  lower;  qa  is  tbe 
bridge,  supporting  (he  axis  or  spindle  ON  ; this  bridge  is 
supported  by  the  beams  cd,  x v,  wedged  up  at  c,  d und  x j 
ZY  is  the  lifting  tree,  which  stands  upright;  ab  and  e/nre 
levers,  whose  centreaof  motion  are  z and  e;  /gki  is  a cord, 
with  a stone  i,  going  about  the  pins ^ and  A,  and  serving  as 
a balance  or  counter|xiiiic.  'I'hc  spimlle  /n  is  fixed  to  tbe 
upper  millstone  IK,  by  a piece  of  iron  called  tbe  rynd, 
and  fixed  in  the  lower  side  of  the  stone,  which  is  the  only 
one  thatturna abvtui,  and  its  whole  weight  rivtson  n hard 
stone,  fixed  in  the  bridge  gR  at  N.  7'he  trundle  tr,  and 
its  axis  ot,  may  be  taken  nwuy  ; for  it  rvsts  by  its  luwet 
part  at  t by  u square  socket,  and  the  top  runs  in  the  c>dge 
of  the  beam  U’.  Hy  bearing  down  the  end of  the  level 
/e,  b is  rniM'd,  which  also  raises  ZY,  igid  this  raises  yx, 
which  lifts  up  the  bridge  gn,  with  the  a.xis  N’c,  and  the 
upper  stone  1k  ; and  thus  the  stones  are  set  at  any  di- 
stance. *lhc  lower  or  immoveable  stone  is  fixed  upon 
strung  bourns,  and  is  broader  than  (he  upper  one:  the  ineui 
is  conveyed  through  (he  tunnel  no  into  a chest ; r is  the 
hopper,  into  which  is  put  the  corn,  wtiicii  runs  through 
the  sp<»ut  r into  the  hole  <,  and  so  falls  betwt'cn  the  stones, 
w here  it  is  ground  to  meal.  'I'he  axis  r><  is  square,  which 
shaking  the  >pout  r,  ns  it  goes  round,  make&  the  corn  run 
out ; rs  is  a string  going  about  (he  pin  s,  and  serving  to 
move  the  spout  nearer  to  the  axis  or  farther  Horn  it,  so  as 
to  make  the  com  run  faster  or  rbiwer,  according  to  the 
velocity  anti  force  of  the  wmd.  And  when  the  wind  is 
strung,  the  sails  are  only  covered  in  part,  or  on  one  side, 
or  perhaps  only  one  half  of  two  op|mii(c  Toward 

ine  end  b of  (he  axletn’c  is  placed  another  cogwheel, 
trundle,  and  iniilsttmes,  with  an  apparatus  like  that  just 
described;  so  that  the  same  a.xis  moves  twosloucs  at  once; 
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and  when  only  one  pair  is  to  grind,  one  o(  the  trundles  and 
its  spindle  arc  taken  out ; ryt  h a girth  of  pliable  wockI, 
Axed  at  the  end  x ; the  other  end  l.^ing  tied  to  the  lever 
km,  moveable  about  k;  and  (he  end  m being  put  down, 
draws  the  girth  xyi  close  to  the  cugvsheel,  which  gently 
and  gradually  slops  the  motion  of  the  mill,  when  required  : 

is  a ladder  for  ascending  to  the  higher  part  of  the  mill; 
and  the  corn  is  drawn  up  by  means  of  a rope,  rolled  about 
the  axU  AC,  win^n  the  mill  isatwork-  See  Mill. 

Theory  of  the  Windmill,  Pontion  of  iftc  Suib,  <r<‘. 

W«^re  (he  sails  set  square  on  their  arms  or  )atds,  and 
pcipendicular  to  the  axletree,  or  to  the  wind,  no  motion 
would  ensue,  because  the  direct  wind  would  keep  them  in 
an  exact  balance.  Ilui  by  sctting'thcm  obliquely  to  the 
common  axis,  like  the  sails  of  a smokc^jack,  or  inclined 
like  the  rudder  of  a ship,  the  wind,  by  striking  the  surface 
of  them  obliquely,  turns  them  about.  Now  this  angle 
w hich  the  sails  are  to  make  with  their  common  axis,  or  the 
degree  of  wcutbering,  us  the  millwrights  call  it,  so  us  that 
the  wind  may  have  the  greatest  effect,  is  a matter  of  nice 
inquiry,  and  has  much  occupied  the  thoughts  of  the  ma- 
thematician and  lire  artist. 

In  examining  the  compound  motions  of  the  rodder  of  a 
ship,  we  find  that  the  more  it  approaches  to  the  direction 
of  the  keel,  or  to  the  cour>c  of  the  water,  the  more  weakly 
this  strikes  it;  but,  on  the  other  hand,  the  greater  is  the 
power  of  the  lever  to  turn  the  vossi*}  about.  I'he  obli- 
quity of  the  rudder  therefore  has,  at  the  same  time,  both 
an  advantage  and  u disadvantage.  It  has  been  a point  of 
inquiry  therefore  to  find  the  position  of  the  rudder  when 
the  ratio  of  the  advantage  over  the  disadvantage  is  (he 
greutest.  And  M.  Ronau,  in  his  thcxiry  of  the  working  of 
ships,  has  found,  that  the  best  situation  of  the  rudder  is 
when  it  makes  an  angle  of  about  53  degrees  with  the  keel. 

The  obliquity  of  the  sails,  with  regard  to  their  axis, 
has  prcciH'ly  the  same  advantage,  and  disadvantage,  with 
the  obliquity  of  the  rudder  to  the  ktHfl.  And  M.  Parent, 
seeking  by  the  now  aimlysis  the  most  advantageous  situa- 
tion of  the  sails  on  the  axis,  finds  it  the  same  angle  of 
about  55  degrees,  lliis  obliquity  has  been  determint'd  by 
many  other  mathematicians,  and  found  to  be  more  accu- 
rately 54®  4V.  Sec  Muclaurin’s  nuxions,  ]>a.  733; 

■*  Simpson’s  Fluxions,  prob.  17*  pa.  521;  Martin’s  Philos. 
Britan,  vol.  1,  pa.  220,  vol.  2,  pa. 212;  bee. 

This  inclination  of  the  sails  to  their  axis  howev-er,  is 
only  that  which  gives  the  wind  the  greatest  force  to  put 
t^c  sail  in  motion,  but  not  the  angle  which  gives  the  force 
of  the  wind  a maximum  on  the  sail  when  in  motion:  for 
when  the  sail  has  a certain  drgn-c  of  velocity,  it  yields  to 
the  wind;  and  then  that  angle  must  be  increased,  to  give 
the  vvind  its  full  Mnclaurin,  m bis  Fluxions, 

pa.  734,  has  shown  alto  how  to  determine  this  angle. 

It  may  be  observed,  that  the  increase  of  this  angle 
should  be  different  according  to  the  different  velocities 
from  the  axletn^e  to  the  further  extremity  of  the  sail.  At 
the  beginning,  or  axis,  it  should  be  54®  44';  and  thence 
continually  increasing,  giving  the  vane  a twist,  and  so 
causing  all  the  ribs  of  the  vane  to  lie  in  different  planes. 

It  is  farther  observed,  that  the  nbs  of  tlie  vane  or  sail 
ought  to  decrease  in  length  from  the  axis  to  the  extremity, 
giving  the  vane  a curvilinear  form ; so  tha!  no  part  of  the 
force  of  any  one  rib  be  spent  on  the  rest,  but  all  move 
independent  of  each  other.  The  twist  abovi^  mentioned, 
and  the  diminution  of  the  ribs,  arc  exemplified  in  the 
wings  of  birds. 


As  the  ends  of  the  sail  nearest  the  axis  cannot  move 
with  the  same  velocity  which  the  tips  or  farthest  ends 
have,  though  (he  wind  acts  equally  strong  on  them  both, 
Mr.  Ferguson  (Led.  on  Mceb.  pu,  52)  suggests,  that  per- 
haps a better  position  than  that  of  stretching  them  along 
the  arms  directly  from  the  centre  of  motion,  might  be, 
to  liave  thqiu  set  perpendicularly  across  the  farther  emis 
of  the  arms,  and  there  adjusted  lengthwise  to  the  proper 
angle  : fur  in  that  case  both  ends  of  the  sails  would  more 
with  the  same  velocity  ; and  being  farther  from  the  centre 
of  motion  (lu-y  would  Jiavc  so  much  the  mure  power,  and 
in  this  case  there  would  be  no  occasion  for  having  them 
so  large  as  they  are  generally  made;  which  would  render 
them  lighter,  and  consequently  there  would  be  so  much 
the  less  friction  on  the  thick  nock  of  the  axle,  when  it 
turns  in  the  wall. 

Mr.  Smralun  (Philos.  Trans,  I75p),  from  his  cx|>en- 
ments  with  windmill  sails,  deducts  several  practical 
maxims  : as,  1.  'That  when  the  wind  falls  on  a concave 
surface,  it  is  an  advantage  to  the  power  of  the  whole, 
though  every  part,  takcei  separately,  should  not  be  dis- 
pon'd to  the  Ih'bI  advantage.  By  several  trials  he  has 
found  that  the  curved  form  and  position  of  the  sails  will 
be  best  regulated  by  the  numbers  in  the  following  table  ; 
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2.  That  a broader  sail  requires  a greater  angle;  and 
that  when  the  snil  is  broader  at  the  extremity,  than  near 
the  centre,  this  sha^se  is  more  advanugc'tms  than  that  of 
a parallelogram. 

3.  When  the  sails,  made  like  sectors  of  circles,  Joining 
at  the  centre  or  axis,  and  filled  up  about  7'8tli!i  of  the 
whole  circular  space,  the  effect  was  (he  greatest. 

4.  The  velocity  of  windmill  sails,  whether  unloaded, 
or  loaded  so  as  to  produce  a maximum  of  effect,  is  nearly 
as  the  velocity  of  the  wind;  their  shape  and  position  be- 
ing the  same. 

h.  The  load  at  the  maximum  is  nearly,  but  somewhat 
less  than,  as  the  square  of  the  velocity  of  the  wind. 

ff.  The  effects  of  the  same  sails  at  a maximum,  arc 
nearly,  but  somewhat  less  than,  as  the  cubes  of  the  ve- 
locity of  the  wind. 

7.  In  sails  of  a similar  figure  and  position,  the  num- 
ber of  turns  in  a given  time,  are  reciprocally  ns  the  ra- 
dius or  length  of  the  sail. 

8.  The  effects  of  sails  of  similar  figure  and  position, 
arc  as  the  square  of  their  k-nglh. 

9.  The  velocity  of  the  exliemiti«*s  of  Dutch  mills,  as 
well  as  of  ttie  enlarged  nails,  in  all  their  usual  positions, 
is  considerably  greater  than  the  velocity  of  the  wind. 

M.  Parent,  in  considering  what  figure  the  sails  of  a 
windmill  should  have,  to  receive  the  greatest  impulse 
from  the  wind,  finds  it  to  be  a sector  of  an  ellipsis,  whose 
centit*  is  that  of  the  axletree  of  the  mill ; and  the  less 
semiaxis  the  height  of  32  feel;  as  for  the  greater,  it  fol- 
lows m*cc«arily  from  the  rule  that  directs  the  xail  to  be 
inclined  to  the  axis  in  the  angle  of  55  dcj^recs. 

On  this  foundation  be  assumes  four  such  saijs,  each 
being  a quarter  of  an  ellipse;  which  he  shows  will  re- 
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cciv-c  all  the  wind,  ami  lose  none,  the  common  ones 
do,  'l*he5C  4 surfaces,  multiplied  by  the  lc%er  with 
which  the  wind  acts  on  one  of  them,  express  the  whole 
power  the  wind  has  to  move  the  machine,  or  the  whole 
power  of  the  machine  when  in  motion. 

The  same  author  also  observes  that  a wind  mill 
with  6 cllipucal  sails,  would  still  have  mure  power 
than  one  with  only  four.  It  would  only  have  the  same 
surface  with  the  fjur;  since  the  4 contain  the  wiioic 
space  of  the  ellipsis,  as  well  as  the  5.  But  the  force  of 
the  (i  would  be  greater  than  that  of  the  4,  in  the  ratio  of 
24j  to  231.  It  it  were  desired  to  have  only  two  sails, 
each  being  a semi-ellipsis,  the  surface  would  still  be  the 
same;  but  the  power  would  be  diminished  by  nearly  l-3d 
of  that  with  6 sail*;  because  the  greatness  of  the  st*ctor» 
wotild  much  shorten  the  lever  on  which  the  wind  acts. 

Mr.  Parent  has  also  consitlered  wliich  form,  among  the 
rectangular  sails,  will  be  most  advantageous ; t,  e.  that 
which  shall  have  the  product  of  the  surtace  by  the  lever 
of  the  wind,  the  greatest.  The  result  of  this  in<]uiry  is, 
that  the  wnith  of  the  rectangular  sail  should  be  nearly 
double  Its  length  ; whereas  usually  tliedength  is  made 
almost  5 time's  the  width. 

The  power  of  the  mil),  with  four  of  these  new  rectan- 
gular sails,  the  same  author  shows,  will  be*  to  the  |H>wer 
of  tour  elliptic  sails,  nearly  as  13  to  23:  which  leaves  a 
Considerable  udvaiilage  on  (be  side  of  the  elliptic  ones ; 
and  vet  the  force  of  the  new  rectangular  sails  w ill  still  be 
Considerably  greater  than  that  of  the  common  ones. 

M.  Parent  also  considers  what  number  of  the  new  sails 
wrill  be  most  advantageous;  and  finds  (hat  the  fewer  the 
sails,  the  mure  surface  there  will  be,  but  the  power  the 
It'ss,  Kurther,  the  power  of  a wiiulmill  with  5 sails  is 
deiK>tcd  by  14,  that  of  another  with  4 will  be  as  13,  and 
another  with  2 sails  will  be  denoted  by  9-  That  as  to 
the  common  windmill,  its  power  still  diminishes  as  the 
bremith  of  the  sails  is  smaller,  in  proportion  to  the  Igtgih  : 
and  therefore  the  usual  proportiuii  of  5 to  1 is  exceed- 
ingly disadvantageous. 

WINDOW,  q.  d.  xctW*door,  an  aperture  or  opening  in 
the  wall  of  a house,  to  admit  the  air  and  light 

Before  the  use  of  glass  l>ecame  general,  which  was 
not  till  towards  the  end  of  the  l'.Jth  century,  the  windows 
in  Kngland  seem  generally  to  have  b«*en  composed  of 
paper,  oiled,  both  to  defend  it  against  the  weather,  and 
to  make  it  more  transparent;  at  now  is  sometimes  used 
in  workshops  and  unfinished  buildings.  Some  of  the  bet- 
ter sort  were  lumishcd  with  lattices  of  wood  or  sheets  of 
linen.  These  it  seems  wete  fixed  in  frames,  called'  cap- 
samenta,  and  hence  our  casements  still  so  common  in 
some  of  the  counties. 

The  chief  rifles  with  regard  to  windows  are,  1.  That 
they  be  as  few  in  number,  and  as  moiierate  in  dimensions, 
as  may  be  consistent  with  other  respects ; inasmuch  as  all 
openings  are  weakenings  of  the  structure. 

2.  That  they  be  placed  nt  a convenient  distance  from 
the  angles  or  corners  of  the  buildings  : both  for  strength 
and  beauty- 

3.  That  they  be  made  all  equal  one  with  anothi-r,  in 
their  rank  and  order;  so  that  those  on  the  right  band 
may  answer  to  those  on  the  left;  and  ihmc  above  be 
nglit  over  those  below,  both  on  account  of  stnngth  and 
beauty* 

As  to  their  dimensions,  care  is  to  be  taken,  to  give 
them  neither  more  nor  less  than  is  needful ; regard  be- 


ing had  to  the  size  of  the  rooms,  and  of  the  building, 
‘fhe  apertures  of  windows  ih  middle-sized  Iious<*h,  may 
be  from  4 to  5 feci;  in  the  smaller  oms  less ; and  in  large 
buililings  more.  And  the  height  may  be  double  their 
widih  at  the  least ; but  in  lofty  rooms,  or  Urge  buildings, 
the  height  may  Ik*  a 4lli,  or  3d,  or  half  their  breadth 
more  than  the  double. 

Such  are  the  proportions  fur  windows  of  the  fir>t  story; 
ami  the  breadth  must  be  the  same  in  the  up[KT  stories; 
but  as  to  the  height,  the  second  story  may  be  a 3d  pai( 
lower  than  the  first,  and  (he  tiiird  story  a 4th  part  lower 
than  the  second. 

WiNUWAiU),  in  Sea  Language,  denotes  anything 
(»>wtirds  that  point  whence  the  wind  blows,  in  respect 
of  a ship. 

SaUiug  to  Windward.  SeeSAiUKO, 

Windward  Tit/r,  a tide  (hut  runs  against  the  wind. 

WING  (Vincent),  a considerable  malheniattcmn  and 
a>trologer  of  the  l/ih  century,  who  died  ubout  166'3- 
lie  was  author  of  several  pc  pular  astronomical  and  other 
works:  as,  i.  Astrtmomia  Jnsiauratu,  fol.  Jd36‘. — 2- Ce- 
lestial Harmony  of  the  Visible  World,  fol.  l6o7. — 

3.  Astroni>min  Brilaiiiiica,  fol.  16(»9»  a work  of  merit.-— 

4.  Kphenurides  for  I3  years,  from  l659  I67L— 

5.  CompuiatioCathoiica,  dc.  Mr.  Wing  was  m^^ch  con- 
nected with  the  Stationers'  Company,  in  the  publication 
of  Ibcir  almanacs  one  of  which,  in  a broad  sheet,  is 
still  continued  m his  name ; and  another,  a book  almanac, 
was  unly  discontinued  a very  few  years  ago. 

WING.VTE  (Komund),  one  ol  the  clearrsl  writers  on 
arithmetic  6cc  in  the  Knglish  language,  was  thcAon  of 
Uogrr  Wingate,  esq.  of  Bornend  ami  Sharpenkoe,  in  Bed- 
fordshire, but  vvas  born  in  Yorkshire  in  1393*  In  1610 
be  iK'came  a cummoncr  of  Queen's  college,  Oxford  ; but 
alter  taking  a d«*grec  in  arts,  he  removed  to  Gray's  Inn, 
London,  where  he  studied  the  law.  But  bis  chief  inclina- 
tion was  to  the  muthematics,  which  he  had  studied  with 
much  success  at  college.  In  lf>24  he  wus  in  France, 
where  be  publisiicd  the  Scale  or  Rule  of  Proportion, 
which  had  lH*en  invented  by  Kdmund  Gunter,ofGreslmm 
collfgt'.  While  in  that  country,  he  gave  instructions  in  the 
Knglish  tanguajje  to  the  princess  Henrietta  Maria,  after- 
wards wife  of  Charles  the  first,  and  to  her  ladies.  After 
his  return  to  Lngliiiid,  he  became  a bencher  of  Gray's 
Inn;  and  on  the  breaking  out  of  the  gicat  rebellion,  he 
joined  the  popular  party,  took  the  covi  naiit.  was  made 
justice  of  the  ]>cace  for  the  county  of  Bedford,  where  he 
resided  at  Woodend,  in  the  parish  of  Harlington,  and  bis 
name  occurs  in  the  register  of  Amptliill  church,  as  a 
justice,  in  l654,  when,  according  to  (he  republican  cus- 
tom of  that  period,  marriages  were  celebrated  by  (he 
civil  magistrates.  In  16'50  be  took  the  oath,  commonly 
called  the  KngagrmenI,  I ecamc  intimate  with  Cromwell, 
an'.I  was  chosen  into  his  parliament  for  Bedford.  He  was 
also  .ippoinled  one  of  the  commissioners,  for  that  county, 
to  eject  from  their  situations,  those  loyal  clergymen  and 
schoolmasters  who  were  accuse<l  ah  Ix'ing  scandalous  and 
igivirunl.  He  died  in  Gray’s  Inn,  in  l6o6,  and  was  buried 
in  the  parish  church  of  St.  Andrew,  Holborn. 

The  works  of  Mr.  Wingate,  are, 

1.  'I'be  Use  of  the  Prupuitlonal  Rules  in  Arithmetic 
and  Geometry.  Also  the  L’se  of  the  Logarithms  of  Num- 
bers,with  those  of  Sines  nnd  I’nngcnls.  Printed  in  French, 
at  Paris,  in  16'24, 8vu,  and  at  London,  in  English,  in  1626, 
i6|5,  and  16j8.— In  this  book,  Mr,  W.  speaks  of  having 
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ll>ccT»  ihc  first  >»ho  carried  the  Logarithms  to  Frartco;  but 
An  edition  of  Napier's  Dcscripiion  and  Constiuctton  of 
Logarithms  was  printed  at  I^)’nnt»  in  the  yr^r  lO'JO,  being 
4 year*  earlier  than  Wingate’s  publication. 

2.  Of  Natural  and  Aitificiiil  AVilbmetic,  or  Arithmetic 
made  easy  ; London.  I6’d0,  8vo.  It  has  also  gone  through 
numerous  other  ediiiuiis»  the  best  of  which  is  that  by  ^Ir. 
Uodsiin. 

3.  Tables  of  Logarithms  of  the  Sines  and  Tangents  of 

all  the  Degrees  and  Minutes  of  the  Quadmnt.  With 
the  use  and  application  of  ihc^ainr.  ld33fSvo. 

4.  The  Construction  and  tbe  of  Lugarithms>  with  the 
Resolution  of  Triajigles,  iStc. 

5.  Ludus  Maihenmticut ; or  an  r.xplanation  of  the 

Description,  Construction,  and  Use  of  the  Numeiical  ’I'a* 
ble  of  Proportion.  London,  1054,  Svo.  ' 

f».  Tactoinetria,  seu  Tetagno-nonietria,  or  the  Gcoiiu- 
try  of  Regulars.  «Scc.  8vo. 

7.  The  Lxact  Surs'eyor  of  Land,  i!cc,-8vo. 

8.  An  exact  Abridgement  of  all  Statutes  in  force  amt 
use  from  the  Magna  Charta,  to  1(^11, 8vo. 

y.  The  Body  of  the  Common  Law  of  England,  ^c;  Svo, 

1655,  &c. 

10.  Maxims  of  Reason,  or  the  Reason  of  the  (’ommon 
Law  of^vngland ; 1658,  folio. 

11.  Statuta  Pacib ; or,  tbc  Table  of  nil  the  Statutes 
which  any  way  concern  the  office  of  a Justice  of  Peace, 
6tc.  12mo. 

12.  An  edition  of  Britton,  a lawyer  who  wrote  in  the 
reign  of  Edward  the  1st;  a very  useful  law  book,  1640, 
12mo. 

Mr.  W.  it  is  supposed,  was  aUu  the  editor  of  some 
other  law  books,  which  show  equal  judgment  and  indus* 
try;  but  he  is  now  to  be  remembered  only  as  a malhc- 
znatician. 

WINTER,  one  of  the  four  seasons  or  quarters  of  the 
year.— Winter  properly  commences  on  the  day  when  ibe 
sun’s  distance  from  the  acnitb  of  the  place  is  the  greatest, 
or  when  his  declination  is  the  greatest  on  tbe  contrary 
side  of  the  equator;  ami  it  ends  on  the  day  when  that 
distance  is  a mean  between  the  greatest  and  least,  or  when 
he  next  crosaqi  the  equinoctial. 

At  and  near  the  equator,  the  winter,  as  well  as  the 
otherseasons,  return  twice  every  year  ; but  nllotlier  places 
have  only  one  winter  in  the  year;  which  in  the  northern 
hemisphere  begins  when  the  sun  is  in  the  tropic  of  Ca> 
pricorn,  and  in  the  southern  hemisphere  when  be  is  in 
the  tropic  of  Cancer : so  that  nil  places  in  the  same  hemi- 
sphere have  their  winter  at  the  same  time. 

Notwithstanding  the  coldness  of  this  season,  it  U proved 
in  astronomy,  that  the  sun  is  really  nearer  to  the  earth 
in  our  winter  than  in  summer : the  reason  of  the  defect 
of  heat  being  owing  to  the  lowness  of  the  sun  ; or  to  the 
obliquity  of  his  rays. 

WITCHELL  (Gaonor),  r.  r.s*  a good  astronomer 
and  mathematician,  was  born  in  1728.  He  was  mater- 
nally descended  from  the  celebrated  clock  and  watch 
maker  Daniel  Quare,  in  which  business  he  was  hirossdf 
brought  up,  and  was  educated  in  the  principles  of  the 
Quakers,  all  his  progenitors  for  many  generations  having 
been  of  that  rnmmuriity,  and  whose  simplicity  .of  man- 
ners ami  Integrity  of  character  he  practised  through  life. 
It  appears  that  Mr.  W.  cultivated  tbe  study  of  astronomy 
at  a very'  early  age  indeed, as  he  had  a communication  on 
that  subject  published  in  (he  Gentleman’s  Diary  for  1741, 


wiiich  must  have  been  written  before,  be  was  13  years  of 
age.  Soon  alter  this  he  became  a pretty  constant  writer 
in  both  theDuriesand  tbe  Gentleman’s  Magazine, a practice 
w bich  be  continued  a long  time,  suinelines  under  his  own 
name,  but  more  frequently  with  the  initials  G.  ^V.  only. 
In  1764  Mr.  W.  published  a map,  exhibiting  the  passage 
of  tne  moon's  shadow  over  England  in  (he  gr<-at  solnr 
eclipse  of  April  I that  year;  the  exact  correspondence  of 
vvhicb  to  the-  observations  gained  him  great  reputation. 
In  the  following  yiar  he  presented  to  tbe  commissioners 
of  longitude  n plan  for  calculating  the  efi'ects  of  refraction 
and'parnllax,  on  the  moon’s  distance  from  the  sun  ora 
star,  to  fuciliintc  the  discovery  of  the  longitude  at  sea. 
Having  U^n  elected  r.  u.s.  and  taught  mathematics  in 
London  for  mutiy  ycarv  with  much  reputation,  he  was, 
in  1767*  appointed  lu^d  rna-Mcr  of  the  Royal  Naval  Aca- 
demy at  Ptirismouth,  on  the  recession  of  Mr.  Uoberlsun  ; 
where  he  died  by  u paralytic  stroke  in  1785,  at  57  years 
of  age.  atid  was  succeeded  in  that  odtcc  by  Mr.  Bailey. 

WULFF,  \VoLric»,  (Chhistian,)  baron  of  the  Ro- 
man empire,  privy  counsellor  to  the  king  of  Prussia,  aifU 
chancellor  to  the  university  of  Halle  in  Saxony,  as  well  as 
member  of  muny  of  the  literary  academics  in  Europe,  was 
born  at  Breslau  in  1679.  After  studying  philosophy  and 
maiheinalics  at  Breslau  and  Jena,  lie  obtained  permission 
to  give  locturci  at  licipsic  ; which,  in  1703,  he  opened 
with  a divvi'rtntion,  Philosophia  Practica  Universalis,  Me- 
ibodo  Mulhematica  conscnpia,  which  served  greatly  to 
enhance  the  reputation  of  his  talents.  He  pablrshed  two 
other  dissertations ^Iie  same  year;  the  first  Dc  Uolis  Den- 
(atis,  the  other  De  Algorithmo  Iniinite&imali  Diflerentiali; 
which  obtained  him  the  honourable  api>eltaliuQ  of  Assist- 
ant to  the  Faculty  of  Philosophy  at  D-ijrsiC. 

He  nowr  accepted  the  profi'ssorship  of  i»atbema(ics  at 
Halle,  and  was  elected  into  (he  society  at  Leipsic,  at  that 
time  engaged  in  publishing  the  Acta  Eiuditoriiin.  After 
havirig  inserted  in  this  .work  many  important  pieces  re- 
lating to  mathematics  and  physics,  he  undertook,  in  1 709, 
to  teach  all  the  various  branches  of  pbilt^sophy,  beginning 
with  a small  logical  treatiae  in  Latin,  being  Thoughts  on 
the  Powers  of  the  Human  UnderslMnding.  He  carried 
himself  through  these  great  pursuits  with  amaxing  assiduity 
and  ardour:  the  king  of  Prussia  rewarded  him  with  the 
ofllco  of  counsellor  to  the  court  in  1721,  and  augmented 
the  profits  of  lliat  post  by  very  considerable  appointments : 
be  was  also  chosen  a member  of  tbe  Royal  Society  of 
London  and  of  Prussia. 

In  the  midst  of  all  this  prosperity  however,  WoliT  raised 
an  e^clcsiuslical  storm  against  himself,  by  a Latin  oration 
be  delivered  in  prai&c  of  the  Chinese  philosophy : every 
pulpit  iminediately  resounded  against  his  tenets  ; and  the 
faculty  of  theology,  who  entered  into  a strfet  e.xamination 
of  his  productions,  resolving  (hat  (he  doctrine  he  taught 
was  dangerous  to  the  last  degree,  an  order  was  obtained 
in  1723  for  displacing  him,  and  coromniiding  him  to  leave 
Halle  in  24  hours. 

Wolff  now  retired  to  Cassel,  where  he  obtiiined  the  pro- 
fi^sorship  of  mathrmatics  and  philosophy  in  the  university 
of  Marbourg,  with  the  title  of  Counsellor  to  the  l.amN 
grave  of  Hesse ; to  which  a profitable  |>ensi<m  whs  on- 
ncxeii.  Here  he  renewed  his  labours  with  redoubled 
ardour;  and  it  was  in  this  retreat  (hut  lie  published  the 
greatest  part  qf  his  numerous  works. 

In  1725,  be  was  declared  an  honorary  professor  of  the 
academy  of  sciences  at  Petersburg,  and  iu  1733  w as  ad- 
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into  that  of  Paris.  The  king  of  Sweden  also  do* 
dared  him  one  of  the  council  of  regency ; but  (be  pleasing 
situation  of  bis  new  abode,  and  (be  inuhilude  of  honours 
wbich  be  bad  received,  were  too  alluring  to  permit  him  to 
accept  of  many  advantageous  odors;  among  which  it  has 
bet-n  said,  was  the  olHcc  of  president  of  the  academy  at 
Petersburg. 

The  king  of  Prussia  loo,  who  was  now  recovered  from 
the  prejudices  lie  had  been  made  to  cooceive  against 
Wol^,  wutiled  rc*establish  him  in  the  university  of  Halle 
in  173H,  and  made  anotber  attempt  lo  effect  it  in  1739 1 
which  Wolff  for  a time  iliouglit  proper  to  decline,  but  at 
last  subiDitied  : he  returned  ilierclore  in  1741,  invested 
with  the  characters  of  privy  cuuiisellur,  vico'cbanccllor, 
and  professor  of  the  law  of  nature  and  of  nations.  The 
king  ufti*rwardh,  on  a vacancy,  raised  him  to  the  dignity 
of  chancellor  of  the  univoisity  ; and  the  elector  of  Bavaria 
crenied  him  also  a burun  of  the  empire.  He  died  at  Halle 
in  Saxony,  of  the  gout  in  his  stomach,  in  1734,  in  the 
76(h  year  of  his  age,  after  a life  tilled  up  with  a train  of 
actions  as  wise  and  systematical  as  his  writings,  of  wbich 
lie  composed  in  Latin  and  German  more  than  60  distinct 
pieces.  The  chiiT  of  bis  inatbeinaUcal  compositions,,  is 
his  Lieroenta  Matlieseos  Universae,  the  best  edition  of 
which  is  that  of  1732  at  Geneva,  in  5 vuts  4to;  wbich 
does  not  however  comprise  his  Mathematical  Dictionary 
in  the  German  language,  in  1 vol.  8vo,  nor  many  other 
distinct  works  on  didereni  branches  of  the  mathematics, 
iior  hit  System  of  Philosophy,  io  23  vols.  in  4to. 

WORKING  to  IVindwardt  in  Sea  Language,  is  the 
operation  by  which  a ship  endeavours  to  make  progress 
against  the  wind.  ^ 

WREN  (Sir  CiittrsTOPHsa),  a great  philosopher  and 
mathematician,  and  one  of  the  most  learned  ami  eminent 
architects  of  his  age,  was  the  son  of  the  Rev.  ChrisK^pher 
Wren,  dean  of  Windsor,  and  was  born  at  Knoyle  in  Wilt* 
shire  in  1632*  He  studied  at  Wadbam  college,  Oxford  ; 
where  he  took  the  degree  of  master  of  arts  in  16'53,  and 
was  chosen  fellow  of  Allsouls  coll^  there.  Soon  after, 
he  became  one  of  that  ingenious  and  learned sociei)  , who 
then  met  at  Oxford  for  (he  improvement  of  natural  i^d 
experimental  phibn^pby,  and  which  at  length  produced 
(be  Royal  Society. 

When  very  young,  he  discovered  a surprising  genius  fur 
ihe  mathematics,  in  which  science  he  made  great  advances 
U fore  he  was  l6  years  of  age. — to  10*37  hewas  made  pn»- 
fissor  of  astronomy  tn  Gresham  college,  London;  and  his 
lectures,  which  were  much  frequemed,  temled  greatly  to 
Ibe  promotion  of  real  knowledge : in  his  in.iugural  oration, 
among  <»ther  things,  he  proposed  several  methods  by  wbich 
to  account  fur  ihe'shaduws  returning  backward  lu  degrees 
on  the  dial  of  king  Abaz,  by  the  laws  of  nature.  One 
subject  of  hit  lectures  was  upon  telescopes,  to  the  iro* 
proveineiil  of  which  he  had  greatly  contributed  ; another 
WHS  on  certain  properties  of  tlie  air,  an<l  the  barometer. 
In  the  year  16*33  he  read  a d^-scriptiun  of  tbc  body  and 
ditlcrcnl  phases  of  (he  planet  Saturn  ; which  subjt'i't  he 
proposed  to  investigate  while  his  colleague,  Mr.  Roi»ke, 
then  professor  of  geometry,  was  proaecuiing  bis  observa* 
tions  on  the  salclliles  uf  Jupiter.  The  same  year  he  corn* 
rounicated  some  demonstrations  concerning  cycloids  to 
Dr.  Wallis,  which  were  afterwards  published  by  the  doctor 
at  the  end  of  bis  treatise  on  that  subject.  About  that  time 
also,  he  resolved  the  problem  proposed  by  Paveal,  under 
the  feigned  tame  of  John  de  Moiitford,  to  all  the  English 
Vol.  II. 


matheraaliciam ; and  returned  another  to  the  mathema- 
ticians in  Frahce#  forineily  proposed  by  Kepler,  and  then 
resolved  likewise  by  himself,  to  which  they  never  gave  any 
solution.— *ln  l660,  he  invented  a method  fur  (be  con- 
struction of  solar  eclipses ; and  in  the  latter  part  of  the 
same  year,  he  with  ten  otlier  gcullenivn  lurmrd  themselves 
into  a society,  to  mei't  weekly,  for  (be  improvement  of 
natural  and  experimental  philosophy  ; being  the  founda- 
tion of  the  Royal  Si>cii-ty.— In  the  bi-giiiiimg  of  l66l,  he 
was  chosen  Savilian  prub-ssoc  of  a>truuomy  at  Oxford,  in 
the  room  of  Dr.  Seth  Ward  ; and  where  he  was  thu  same 
year  created  Doctor  of  loiws. 

Among  his  other  accomplishments,  Ur.  Wren  had  gain* 
ed  so  considerable  a skill  in  architecture,  that  he  was  sent 
for  the  same  year,  from  Oxford,  by  order  of  king  Charles 
the  2d,  to  assist  sir  John  Denham,  surveyor  general  of 
the  works. — In  l66j,  he  was  chostm  fellow  of  the  Ruyul 
Society  being  one  of  those  who  were  first  appointed  by 
the  Council  atier  the  grant  of  their  charter.  Not  long 
after,  it  being  expected  (hat  (he  king  would  make  the  so- 
ciety a visit,  (he  lord  Bruunkcr,  (bon  piesident,  by  a 
letter  ref|uesied  the  advice  of  Dr.  Wren,  concerning  (he 
experimt-nts  wbich  might  bi‘  most  proper  on  that  occasion ; 
to  wb«m>  the  doctor  it'Comtntnded  principally  the  Torri- 
cellian r'xpenmeot,  aiKl  the  weather  needle,  as  being  not 
mi'tc  uniubcments,  but  uw  (ul,  and  also  neat  in  their  opera- 
tion. Ind<-ed  on  many  occavions  Dr.  Wren  did  great  ho- 
nour to  that  illuistnuus  bmly,  by  many  curious  and  use-' 
ful  di:cuveiic-s,  in  astronomy,  natural  philosophy,  and 
other  sciences,  related  in  the  History  of  the  Royal  iMciety, 
wlieie  Dr.  bpraC  has  inserted  them  from  tbc  registers  and 
other  books  of  the  society  lo  1663,  also  in  Birch’s  history. 
Among  others  of  his  productions  there  enumerated,  is  a 
lunar  globe;  representing  the  spots  and  various  degrees 
of  whiuiicss  on  the  moon’s  surface,  with  the  bills,  emi- 
nencei  and  cavities : the  whole  contrived  so.  that  by  turn- 
ing it  round  to  the  light,  it  shows  all  the  lunar  phases, 
with  the  various  appearances  that  happen  from  the  sha- 
dows of  the  mountains  and  valleys,  ttv : (his  lunar  model 
was  placed  in  the  king's  cabinet  Another  uf  these  pro- 
ductions, is  a tract  on  the  Doctrine  of  Motion  (hat  arises 
/roiii  the  impact  between  two  bodies,  illustrated  by  expo- 
rimenta:  also  in  the  Hbilos-  Tranv.  vol.  2.  pa.  867*  And 
a third  is.  The  History  of  the  Season's,  as  (u  tbc  tcrepera- 
ture,  weather,  productions,  diseases,  &c,  &c.  For  which 
purpose  he  devised  also  many  curious  machines,  several 
of  which  kept  their  own  roasters,  tracing  out  tlie  lines  of 
variations,  so  (hat  a person  aaigbt  know  wbat  changes  the 
weather  had  undergone  in  bia  absence : as  windgagev,  iber- 
inoinetcrs,  barometers,  hygruuii-tcrs,  raingages,  6rc. — He 
made  also  great  additions  to  tlu*  new  discoveries  on  pen- 
dulums; and  gmong  other  things  showed,  that  there  may 
be  proiluced  a natural  standard  for  measure  from  the  fk*n- 
dtilum  for  common  use.— He  inveniad  many  ways  to  make 
astronomical  obscrvaiioDS  more  <«sy  ami  accurate : he 
tilled  and  hung  quadrants,  sr’.vtanis,  and  radii  more  coiii- 
modiously,  tlian  formerly  ; and  also  constructed  two  tele- 
scopes to  open  with  a joint  like  a secinr,  by  which  ob- 
servers may  infallibly  take  a disianci;  to  half  minu(c»,  8cc. 
He  also  made  various  kinds  of  retes,  screws,  and  other 
dcsices,  fur  improving  (elt^copos  to  take  small  distances, 
and  apparent  diameters,  to  seconds : be  made  apertures 
to  admit  more  or  less  light,  as  the  observer  pleases,  by 
opening  end  shutting,  the  better  to  fit  glasses  for  crepus- 
culine  obaervations. — He  added  much  to  ihe  theory 
4K 
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tries } tmi  murb  eko  10  tbe  manu(actttre  of  grin4ifkg 
good  ptla&iet;  be  utiempiod,  and  not  witbnul  su<CHs»  ibc 
■inking  ol  glnesvs  of  other  fornts  than  sphrricii).  He  ex- 
actly aieasurcd  Kml  Uelinetited  thv  »f  Wres  of  the  hamours 
of  the  eye,  the  pro|>ortiens  oi  which  to  one  another  were 
only  gortsed  at  before : a discus»ion  showing  (be  rcaiions 
why  wc  see  objects  crL*ct}  and  that  reAcCtion  conduces  as 
much  to  vision  os  rcfraciioii.  He  displayed  a natural  and 
easy  theory  of  refractions,  which  exactly  answered  every 
experiiaeiK^  He  fully  demonstraterJ  the  whole  doctnne 
of  dioptno  in  a few  propositions,  showing  not  only,  as 
in  Kepler's  Dioptrics,  the  common  properties  of  glasses, 
btti  ihw  proportions  by  which  the  individual  rays  cut  the 
axis,  and  each  other,  on  which  the  charges  of  the  tele- 
scopes, or  the  proportion  of  the  eye-glussas  and  apertures, 
are  clearly  discovered. — He  made  constant  ohservatiofts 
on  Saturn,  and  a true  theory  of  that  planet,  before  (he 
printed  discourse  by  Huygrns  on  chat  subject  appeared. 
— >He  also  made  maps  of  the  Pleiades  and  other  telescopic 
stars:  and  proposed  methods  to  determine  the  great  qoes- 
tion  MS  to  the  earth’s  motion  or  rest,  by  ibc  small  stars 
about  the  pote  to  be  s«eu  in  large  teleocopef.— In  naviga- 
tion also  our  author  made  many  improvemeots.  He 
framed  a magnetical  terella,  which  he  placed  in  the  midst 
of  a plane  board  with  a hole,  into  which  the  terella  is  half 
immersed,  till  it  be  like  a globe  with  the  pules  in  the  hori- 
ton  : the  plane  is  then  dotted  over  with  steel  filings  from 
a sieve:  the  dust,  by  llie  magnetical  virtue,  becomes  im- 
mediately figured  into  furrows  that  bend  like  a sort  of 
helix,  proceeding  as  it  were  out  at  one  pole,  and  return- 
ing in  by  the  other;  the  whole  plane  becoming  f^ured 
like  the  circlet  of  a planisphere,— It  beiag  a question  in 
bis  time  amoi^  the  problems  of  navigation,  to  what  me- 
chanical powers  sailing  against  the  wind  was  reducible  ; 
he  showed  it  to  be  a wedge:  he  also  demonstrated,  how 
n iransM  ni  force  on  an  oblique  plane  would  cause  the  mo- 
tion of  the  plane  against  the  first  mover : and  he  made  an 
instrument  mechanically  producing  the  same  rlfecl,  and 
showed  ike  rea»on  of  swiiriig  on  all  winds.  The  grome- 
irical  mechanism  of  rowing,  be  showed  to  be  a lever  on 
a moving  or  ccdtni  fulcrum  : for  (his  end,  he  made  in- 
itrarocnts  and  experiments,  to  find  the  n>ststanre  to  mo- 
tion in  a liquid  medium;  with  other  circumstances  that 
are  the  necessary  elements  for  lay  ing  down  the  geonretrr 
of  sailing,  swimming,  rowing,  flying,  Hf«d  constructing  of 
ski])s.— He  invented  a very  speedy  and  curious  way  of 
etching.  He  started  many  lliiogs  towards  the  ememUtiun 
of  water-works.  He  likewise  made  some  instruments  for 
respiration,  ami  for  straining  the  breath  from  fuliginous 
vapours,  to  try  whether  the  «me  breath,  so  purihi'd,  will 
serve  again. — He  was  the  first  inventor  of  drawing  pictures 
by  microscopical  glasoes.  He  invented  perpetual,  or  at 
leaft  long-lived  lamps^  lor  keeping  a pirpetiial  it'gular  beat, 
in  order  to  various  uses,  as  batching  of  egp  anti  insects, 
production  of  plants,  ckomical  preparatiims,  imitating  na- 
ture in  producing  fossils  and  minerals,  keeping  the  motion 
of  watches  equal,  for  the  longitude  and  astronomical  uses. 
He  was  also  the  first  author  uf  the  anatomical  experiment 
of  injecting  litjuor  into  the  veins  of  animals.  By  this  ope- 
ration, divrrscrcaiures  were  iramediately  purged,  vomited, 
intoxicated,  killed,  or  revived,  according  to  the  quality 
of  the  fittid  injected.  Hence  arose  many  other  now  rx* 
periraenls  particularly  that  of  transfusing  blood,  which 
has  been  produced  in  many  curious  instaners.  This  is 
a bhort  account  of  tbo  principal  diKoveries  which  Dr. 


Wren  pretciitfd,  or  snggi'ited,  lo  Ihe  Royal  Society,  or 
ware  improved  by  him. 

With  respect  to  bis  arehilcctural  works:  it  has  bs'i<>re 
been  obsi'rvcd  that  he  bad  been  sent  f>r  lo  assist  sir  John 
Denham.  In  Ififid  ke  travelled  inlo  France,  to  examine 
the  most  beaufilul  edifices  and  curiotts  mi-ckanical  works 
there,  when  he  inadi*  many  useful  observations.  On  bis 
return  home,  he  was  appointed  architect,  and  one  of  ihe 
commbvioncrs  for  repairing  St.  Faul’a  caibeifral.  Wiihm 
a few  days  alter  (he  tire  of  London,  ibtk),  he  drew  a noble 
plan  for  a new  city»  and  presented  It  to  (he  king;  bat  it 
was  not  approved  of  by  the  parliament,  lu  this  motiel, 
the  chief  sirei'ts  were  to  cross  each  other  at  right  angles, 
with  leaser  streets  between  them  ; (he  churches,  public 
buildings,  &c,  so  disposed  ss  not  to  interfere  with  the 
ilrecia,  and  four  piaxxas  placed  at  pmper  distances.— On 
the  death  of  sir  John  Uenbnm  in  1009,  our  author  sue* 
caeded  biro  in  the  ofbeo  uf  surveyor-general  id*  the  king's 
works  ; and  from  thh  time  bf*  fmd  the  dirccrion  of  a groat 
many  public  etlifice^,  by  whk  h he  acqniied  tho  most  dis- 
tinguished reputation.  He  built  the  magnific<  nt  theatre 
at  Oxford,  St.  Paul's  cathedral,  the  Monument,  die  mo- 
dem part  of  Hampton  Court,  CKela*a*coIlrge,  one  <rf  the 
wingv  of  Greenwich  hospital,  the  churches  of  St. Stephen 
Walbrnok.  and  St.  Mury-le-bow,  with  Ujrwards  ol  60  other 
churches  and  public  works,  which  that  dreadful  tire  rei>- 
dered  necessary.  In  the  fnaiiagcmeni  ot  which  business, 
be  was  assisted  in  the  measurements,  and  laying  out  ot 
private  property,  by  the  inaenii>us  Dr.  Hobvrl  Hooke.  The 
variety  of  business  in  which  he  was  by  this  means  engaged, 
requiring  bis  constant  attendance  and  concern,  he  resigned 
his  Saviliun  professorship  at  Oxford  in  1673;  and  ihe^'ear 
following  he  received  fK>m  the  king  the  honour  of  knight- 
hood.—He  was  one  of  the  commissioners  who,  on  the 
lion  of  sir  Jnrras  Moore,  surveyor-general  ofthe  ordnance, 
had  b«x  M tt|ipr>inttxi  to  select  a pToprf  place  for  erecting 
an  observatory  ; and  he  proposed  (ireriiwich,  which  was 
accordingly  approved  of;  the  foundation  »tohe  of  which 
was  laid  the  10th  of  Augu-t  l673,  and  the  building  was 
presently  finished  under  the  direction  uf  sir  Jona-,  with 
the  advice  and  assistance  of  sir  Chnvtoplicr. 

In  1680  our  author  wav  chosen  piesident  of  the  Royal 
Society  ; afterwards  appointed  architect  andcommisHroner 
of  CheiKa-Cfillege ; and  in  168  f,  prinn|ial  (>fficer  or 
comptroller  of  the  works  in  Windsor-castlr.  JsirChnsto- 
pbrr  sat  twice  in  Parliament,  as  a n presenlalivc  lor  two 
different  boroughs.  While  he  conrinued  surveyor-general, 
his  residence  was  in  Scotland-yard  ; but  after  his  removal 
from  that  ofilce,  in  1718,  he  lived  in  St  James’s-striTl, 
Westminster.  He  died  the  75lh  of  February  1723,  at 
years  of  age ; and  was  interred  with  great  solemnity  in 
St.  Paul's  cathedral,  in  the  vault  under  the  south  wing 
of  the  choir,  near  the  cast  end. 

The  person  of  Sir  Christopher  Wn  n was  of  a low 
siaiurr,  and  thin  fiamc  of  body ; but  by  lem|)erance 
and  skilful  management  he  enjoyed  a good  state  of 
health,  to  a very  unusual  Icngih  of  fife.  Ho  was  mo- 
dest, devout,  strictly  virtuous,  and  very  communicative 
of  his  knowledgi*.  Rrsidca  his  pi'culiar  eminence  as  an 
architect,  his  learning  and  knowledge  were  very  extensive 
in  all  (he  arN  and  sciences,  and  ^espoc tally  in  the  ma- 
tbematirs. 

Sir  Christopher  never  printed  any  thing  himself,  but 
^eral  of  bin  works  have  been  pufalisiied  by  otheis  : ?^nme 
in  tbe  Philosophical  Transactions,  and  some  by  Dr.  Wallis 
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and  0t2icjr  Hh  po>tbvtiiou«  works  an4  drau|hts 

were  publmlu'd  by  bi«  son. 

WIllGHl'  (bDWARo),  a ciiNtm^ubhoci  Ragliib  mathc* 
maticiaH)  <*b<>  Anuri^hcd  in  tlu-  latter  pari  uf  iIm>  16th 
century,  and  Wginiiin^  of  thu  17i>i;  dying  in  the  year 
1615.  Ho  wus  cuntemporary  with  Mr.  Bri;;gi,  and  much 
concemt-ii  wiib  biin  in  tan  bu»inetf  o(  the  logarithms,  the 
short  lime  ttuy  were  published  before  bis  death,  lie  also 
contributed  greatly  to  iJie  iniproveraeul  ut  travigaiiun  and 
astronomy.  The  lullowing  memoirs  uf  him  are  translated 
frum  a Latin  paper  in  tb«  ammls  of  Gnnville  and  Caius* 
college  in  Cambridge,  vis,  ‘‘This  year  (l6l5)  died  at 
London,  Edward  Wright  of  Garveston  in  Norfolk,  for> 
taerly  a fellow  of  this  college;  a man  respected  by  all  for 
the  integrity  and  simplicity,  of  bis  manners,  and  also  fa* 
muus  for  bis  skill  in  the  mathematical  sciences:  so  that 
he  was  not  undeservedly  styled  a most  excellent  mathe- 
matician by  Richard  Hackluyt,  the  author  of  an  original 
treatise  of  our  English  navigations.  What  knowledge  he 
had  acquired  in  the  science  of  mechanics,  and  how  use- 
fully he  employed  that  knowledge  to  the  public  as  well 
us  private  advaiiluge,  abundantly  appear  both  from  the 
writings  he  published,  and  from  the  many  mechanical 
operations  still  extant,  which  are  standing  monum^ta  of 
his  great  industry  and  ioj^nuity.  He  was  the  first  un- 
dertaker of  that  difficult  but  useful  work,  by  which  a 
little  river  is  brought  from  the  town  of  Ware  in  a new 
canal,  to  supply  the  city  of  London  with  water ; but  by 
the  tricks  of  others  he  was  hindered  from  completing  the 
work  he  had  begun.  He  was  excellent  both  in  contriv- 
ance and  execution,  nor  was  ho  inferior  to  the  most  in- 
genious mechanic  in  the  making  of  instruments,  either  of 
braas  or  nny  other  matter.  To  bis  invention  is  owing 
whatever  advantage  HondiusN  geographical  charts  have 
above  others ; for  it  was  Wright  who  taught  Jodocus 
Hondius  the  method  of  constructing  them,  which  was  rill 
then  unknown:  but  the  ungrateful  Hondius  concealed 
the  name  vf  the  true  author,  and  arrogated  the  glory  of 
the  invention  to  himvelf.  Of  this  fraudulent  practice  the 
got>d  man  could  not  help  complaining,  and  Justly  enough, 
in  the  prt'face  to  his  treatise  of  the  Correction  of  Errors 
in  the  Art  of  Navigation;  which  he  composed  with  ex- 
cellent judgment,  and  after  long  experience,  to  the  great 
advancement  of  naval  atfairs.  Fur  the  improvement  of 
this  art  he  was  appointed  mathematical  lecturer  by  the 
Kast-lndia  Company,  and  read  lectures  in  the  house  of 
that  worthy  knight  sir  Tliomas  Smith,  for  which  he  had  a 
yearly  salary  of  50  pounds.  This  offkc  be  discharged 
with  great  reputation,  and  much  to  the  satisfaction  of  his 
hearers.  He  published  in  English  a book  on  the  doctrine 
of  the  sphere,  and  oaother  concerning  the  cuuttrnction  of 
sun  dials.  He  also  prefixed  an  ingenious  preface  to  the 
learned  Gilbert's  book  on  the  loadstone.  By  these  and 
other  hts  writings,  he  has  transmitted  his  fame  to  latest 
posterity.  While  he  waa  yet  a h liow  of  this  college,  he 
could  not  be  concealed  in  his  privaii'  sitiJy,  but  was 
called  forth  to  the  public  bustiK'Ss  ot  thfr  narion,  by  the 
queen,  about  the  year  159*1.  [Other  accounts  my  1589.] 
He  was  ordered  to  attend  (he  earl  of  Cumb'^riand  in  some 
maniimc  expeditions.  One  of  these  he  lus  given  a faith- 
ful account  of;  in  the  manner  of  a journal  or  ephomeris, 
to  which  be  has  prefixed  kn  elrgnnt  hydrogruphical  chart 
of  bit  own  contrivance.  A little  before  his  death  he  em- 
ployed hirasi'lf  about  an  English  tranalatioo  of  the  book 


of  logarithms,  than  lately  discovered  by  lord  Kapier,  a 
Scoicbinan,  who  had  a great  affection  for  him.  This 
posthumous  work  of  his  was  published  soon  afiur,  by  hit 
only  sou  Samuel  Wright,  who  was  also  a scholar  of  this 
college.  He  had  formed  many  other  useful  designs,  but 
was  hindered  by  deatb  from  bringing  them  to  perfection. 
Of  him  it  may  truly  be  said,  that  he  studied  more  to  serve 
the  public  than  himself;  and  though  he  was  rich  in  fame, 
and  in  the  promises  of  the  great,  yet  be  died  poor,  to  the 
scandal  uf  an  ungrateful  age.*'  So  far  the  memoir ; other 
particulars  concerning  him,  arc  as  follow. 

Mr.  Wright  first  discovered  thfitruc  method  of  dividing 
the  meridian,  lint,  according  to  which  the  Mercator's 
ebaru  are  constructed,  and  upon  which  Mercators 
sailing  is  founded.  An  account  of  this  he  sent  from 
Caius-collcge,  Cambridge,  where  he  was  then  a fellow,  tu 
bis  friend  Mr.  Dlondeville,  containing  a short  table  for 
that  purpose,  with  a specimen  of  a chart  so  divided,  to* 
gether  with  the  manner  uf  dividingti.  All  which  Blonde- 
villc  published,  in  1594,  among  his  Exercises.  And,  in 
1597>  (be  reverend  Mr.  William  BaHowe,  in  his  Naviga- 
tors Supply,  gave  a demonstration  of  this  divisiun  as 
communicated  by  a frieiui. 

Ac  length,  in  15p9,  onr  author  himself  printed  his  cele- 
brated treatise,  entitled,  I1ie  Curreciton  of  certain  Errors 
in  Navigation,  which  had  l^n  written  many  years  before ; 
where  he  shows  the  reason  of  this  division  «>f  the  mcridiun, 
the  manner  uf  constructing  bis  table,  and  its  uses  in  na- 
vigation, with  other  improvements.  In  I6'10  a second 
edition  of  Mr.  Wright's  book  was  published,  and  dedi- 
cated to  his  royal  pupil,  prince  Henry;  in  which  the  au- 
thor inserted  farther  improvements;  particularly,  he  pro- 
posed an  excellent  way  of  determining  the  magnitude  of 
the  earth;  at  the  same  time,  recommending  very  Judi- 
ciously, the  making  our  common  measures  in  some  cer- 
tain proportion  to  that  of  a degree  on  its  surface,  that 
they  might  not  depend  on  the  uncertain  length  of  a Imrlcy- 
corn.  ^mc  of  hts  other  improvements  were ; The  I'ablo 
of  Latitudes  for  dividing  the  meridian,  computed  as  far  as 
to  minutes:  An  instrument,  he  culls  the  Sea-rings,  by 
which  the  variation  of  the  compass,  the  altitude  of  the 
sun, and  the  rime  of  the  day,  may  be  readily  determined  at 
once  in  any  place,  provided  the  latitude  be  known;  The 
correcting  of  the  errorsarising  from  the  excentricity  of  the 
eye  in  observing  by  the  cross-staff:  A total  amendment  in 
the  tables  of  the  declinations  and  places  of  the  sun  and 
stars,  from  his  own  observations,  made  with  a six-foot 
quadrant,  in  the  years  I5<>4,  pS.  5>fi,  97  :-A  sea-quadrant, 
to  take  altitudes  by  a forward  or  backward  observation  ; 
having  also  a contrivance  for  the  rt*ady  finding  the  lati- 
tude by  the  height  of  the  pole-star,  when  it  is  not  on  the 
meridian.  And  (bat  this  book  mig^t  be  the  bidter  undc^- 
stood  by  beginners,  to  this  edition  is  subjoined  a transla- 
tion of  If^amorano's  Compendium ; and  he  added  a large 
table  of  the  variation  of  the  compass  as  observed  in  very 
different  parts  of  the  world,  to  show  that  it  ts  nut  occa- 
sioned by  any  magnetical  pole.  The  work  has  gune 
through  several  other  editions  since.  Df^cription  and 
Use  of  the  Sphere,  in  16I8.  And,  besides  the  books  above 
mentioned,  be  published  another  on  navigation,  entitled, 
The  Haven  fuiding  Art,  translated  from  the  Dutch.  Other 
accounts  of  our  author  state  also,  that  it  wus  in  the  year 
1589  that  he  first  began  to  attend  (he  earl  of  Cumberland 
in  his  voyages.  It  is  also  said  (bat  he  made,  fur  hi*  pupil. 
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prince  Henry,  a large  sphere  with  curious  muvements, 
which,  by  the  help  of  spring-work,  not  only  represented 
the  motions  of  the 'whole  celestial  sphere,  but  show«*<l  also 
the  particular  systems  of  the  sun  ami  moon,  and  their  ctr^ 
cular  motiom,  t«»^ether  with  their  places  and  possibilities 
of  eclipsing  each  other:  there  arc  in  this  machine  works 
for  a motion  of  17100  years,  if  it  should  not  be  stopt,  or 
the  materials  fail.  This  sphere,  (hough  thus  made  ui  a 
great  expense  of  money  and  ingenious  industry,  was  alter* 


wards  in  the  time  of  the  civil  wars  thrown  aside,  amon^ 
dust  and  rubbish,  where  it  was  found,  in  (he  year  1646, 
by  sir  Jonas  Moore,  wbo  at  hu  own  expense  restored  it  to 
iia  first  state  of  perfection,  and  dep<K>ited  it  at  his  own 
house  in  the  Tower,  among  his  other  malheraalical  insiru* 
ments  and  ciiriosities. 

See  Robertson’s  Navigation,  Introd.  pa.  12.  Also  (be 
Philus.  Maguitinc,  vul.  21,  pa.l(>4. 
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"^^ENOCHATES,  an  eminent  philosopher  among  the 
ancient  Greeks,  was  born  at  Chalcedon,  and  died 
914  years  before  Christ,  at  about  ^ years  of  age.  Ho 
became  t^rly  a disciple  of  l*lato,  studying  under  this 
great  master  at  the  same  time  with  Aristotle,  though  he 
was  nut  possessed  of  equal  talents;  the  former  wanting  a 
•pur,  and  the  Inner  a bridle.  He  was  fund  of  the  mathe* 
tnatics;  and  permitted  none  of  his  scholars  to  be  ignorant 
of  them.  'I'bere  was  •omethmg  slovenly  in  the  behaviour 
of  Xenocrates;  for  which  reason  Plato  frequently  exhorted 
him  to  sacrifice  to  the  graces.  Seriousness  and  severity 
were  always  seen  in  bis  deportment:  yet  notwithstanding 
this  severe  cast  of  mind,  he  was  very  compassionate. 
There  was  also  sumclbing  very  extraordinary  in  the  recti- 
tude of  bis  morals:  be  was  absolute  master  of  his  pas- 
sions; and  was  not  fond  of  pleasure,  riches,  or  applause. 
Indeed,  so  great  was  bis  reputation  for  sincerity  and  pro- 
bity, that  he  was  the  only  person  whom  the  magistrates  of 
Alliens  dispensed  from  cuiihrmiiig  his  icstimuny  with  an 
oath  : and  yet  be  was  so  ill  treated  by  them,  as  to  be 
sold  because  be  could  not  pay  the  pidl-tax  laid  upon  fo- 
reigners. Demetrius  Phnlerrus  bought  Xtnocnitis,  paid 
the  debt  to  the  Atbemans,  and  immediately  gave  him  his 
liberty.  At  Ahxandcr's  request,  be  composed  a treatise 
on  the  Art  of  Reigning;  6 Iwioks  on  Nature;  6'  books  on 
Philosophy;  one  on  lltcho,  6cc;  but  nunc  of  them  have 
descended  to  the  pnsi-nt  limes. — His  tbeoli»gy  it  si-vins 
was  but  poor  stuff:  Cicero  refutes  him  in  the  hrvl  btuik  of 
the  Nature  of  the  Gods. 

XENUPHANEb,  a Greek  philosopher,  born  in  Colo- 
phon, was,  according  to  some  authors,  the  disciple  of 
Archelaus;  in  which  case  be  must  have  been  contempo- 
rary with  Socrates..  Others  relate  tliat  be  was  quite  an 
autodidact,  being  entirely  self-taught,  and  that  be  lived 
at  the  same  lime  with  Anaximander:  according  to  which 
accoant  he  must  have  fl<mnsiicd  before  Socrates,  and 
about  the  60ib  Olympiad,  as  Diogenes  Laertius  affirms. 
He  founded  the  Eleatic  sect;  and  wrote  several  poems 
on  philovopbical  subjects;  as  also  a great  many  on  tbe 
foundation  of  Colophon,  and  on  that  of  the  colony  of 
Elea.  He  wrote  also  against  Hoiucr  arid  Hesiod,  lie 
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WAS  banished  from  his  country,  withdrew  to  Sicily,  and 
lived  in  Zaiiche  und  Catuna.  His  opinion  with  regard  to 
the  nature  of  God  differs  not  much  from  that  of  Spinoaa. 
When  he  saw  the  I^'ptians  pour  forth  lamentations  dur- 
ing tbeir  festivals,  he  thus  udvi&ed  them  : **  If  the  ubjecia 
of  your  worship  arc  Gods,  do  not  weep:  - if  tliey  ore 
men,  offer  not  saciibces  to  them*  The  answer  be  made 
to  a man  with  whom  be  refuK'd  to  play  at  dice,  is  highly 
worthy  of  a philosopher : This  niun  calling  him  a coward, 
“ Vcs,*  replied  be,  **  1 am  excessively  so  uilb  regard  to 
all  shameful  actions.” 

XENOPHON,  a celebrated  Greek  general,  philoso- 
pher, and  historian,  was  born  at  Athens,  and  became 
early  a disciple  of  Socrate.-,  who,  says  blrabo,  saved  his 
hfr  in  bailie.  About  thedOih  year  of  hiv  age  he  engaged 
in  tbc  exp<‘dition  of  Cyrus,  and  accomplished  his  iiiimur- 
tul  retreat  in  the  space  of  15  months.  I'bc  jealousy  of 
the  Athenians  banished  him  from  his  native  city,  for  en- 
gaging in  the  service  of  Sparta  and  ('y  rus.  On  his  return 
.iberi'iure  he  retired  to  Scillus,  a town  of  Elis,  w here  he 
built  a temple  to  Diutu,  which  he  tm  ntiuns  in  his  epis- 
tles, and  devoted  his  leisure  to  philosophy  and  rural 
sports.  But  commotions  aiising  in  that  couniiy,  be  re- 
moved to  Corinth,  where  it  seems  be  wrote  his  Grecian 
History,  and  died  at  the  age  of  90,  in  the  year  960  be- 
fore Christ. 

By  his  wife  Philesia  he  had  two  sons,  Diodorus  and 
Gryllus.  The  latter  rendered  himself  miinortal  by  kill- 
ing Lpaminondas  in  the  famous  battle  of  Maniinea,  but 
perished  in  that  e.xploit,  which  bis  faihn  livrd  to  record. 

The  best  editions  of  bis  woiks  are  thoBC  of  Franckiurt 
in  16*74,  and  of  Oxford,  inGmk  und  I.aiin,  in  1703, 
5 vols.  8vu.  Separately  have  been  published  his  Cyio- 
psedia,  Oxuu.  1727,  4tu,  und  17^>,  ffvo.  Cyri  Anabasis, 
Oxon.  1735, 4to,  und  1747*  bvo.  Meimirubilia  Socratis, 
O.xon.  1741,  8vo.— His  Cyri  Amibasis  has  been  admira- 
bly translated  into  Eugtisb  by  Spelman. 

XIPillAS,  in  Astronomy,  is  the.  Dorado  or  Sword- 
5sh,  a convu  iiatiun  of  the  southern  bernispbere;  being 
one  of  (be  new  constellalions  added  by  modern  astrono- 
mers; and  consisting  of  6 stars  only.  SeeDoaano. 
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V7*ARD,  a lineal  mfuurc,  or  measure  of  length,  used 
in  England  and  Spain,  cbieQy  to  measure  cloth, 
Stuffs,  dec.  'I*hr  yard  was  settled  by  Henry  the  1st,  from 
the  length  of  his  own  arm. 

'I'he  English  yard  coninins  3 feet;  and  it  is  equal 
to  4-5ihs  of  the  Knglishell, 
to  7-9tlis  of  the  Paris  ell, 
to  4-3tls  of  the  Flemish  ell, 
to  56-^lsts  of  the  Spanish  vara  or  yard. 

Varp,  or  Golden  Yard,  is  also  a popular  name  given 
tu  the  3 stars  which  compose  the  belt  of  Orion. 

YEAU,  in  the  full  extent  of  the  word,  U a system  or 
cycle  of  several  months,  usually  12,  Othcn»  define  year, 
in  the  general,  a period  or  space  of  lime,  measuivd  by 
the  revolution  of  some  celestial  body  in  ib  orbit.  3'hus, 
the  lime  in  which  the  fixed  stars  make  u revolution,  is 
called  the  grr.it  year;  and  the  limes  in  which  Jupiter, 
Saturn,  ihc  bun,  .Moon,  &c,  complete  their  courses,  and 
mum  to  the  same  point  of  the  sodiac,  arc  respectively 
called  the  years  of  Jupilcr,and  Saturo,  and  the  Solar, and 
Lunar  years,  drc. 

As  year  dcnoti^  originally  a revolution,  and  was  not 
limited  to  that  of  the  sun;  accordingly  we  find  by  the 
oldest  accounts,  that  people  have,  at  different  limes,  e.x- 
pressed  other  revolutions  by  it,  particularly  that  of  the 
mt>on  ; and  consequently  that  the  years  of  some  ac- 
counts, are  to  be  reckoned  only  months,  and  sometimes 
periods  of  2,  or  3,  or  4 months.  This  wd)  assist  us 
greatly  in  understanding  the  accounts  that  certain  naitous 
give  of  their  own  antiquity,  and  perhaps  also  of  the  age 
of  men.  We  read  expressly,  in  several  of  the  old  Greek 
writers,  that  the  Egyptian  year,  at  one  period,  was  only 
a month;  and  we  are  farther  told  that  at  other  periods 
it  WHS  3 months,  or  4 months : and  it  probable  that 
the  children  of  Israel  followed  the  Egyptian  account  of 
iboir  years.  'Hie  Egyptians  boasted,  alniost  2000  years 
ago,  of  having  accounts  of  events  48  thousand  years  di- 
tliince.  A great  deal  must  bo  allowed  to  fiillacy,  on  the 
above  account;  but  besides  this,  the  Egyptians  had,  in 
Uie  time  of  the  (irieks,  the  same  ambition  which  the 
Chinese  have  at  present,  and  wanted  to  pass  themselves 
on  that  people,  as  these  do  upon  us,  for  the  oldest  inha- 
bitants of  the  earth.  They  had  recourse  also  to  the  same 
me:  ns.  and  both  the  present  and  the  early  impostors 
have  pretended  to  ancient  observations  of  the  heavenly- 
bodies,  and  recounted  eclipses  in  |Mrlicular,  to  vouch 
fur  the  truth  of  their  accounts.  Since  the  time  in  wiiich 
the  solar  year,  or  period  of  the  earth’s  revolution  sound 
the  sun,  has  been  received,  we  may  account  with  cer- 
tainty; but  for  those  reraoic  in  which  we  do  nut 
prcct>ely  know  what  b meant  by  the  term  )ear,  it  is  iin- 
possible  to  form  any  satisfactory  conieclorc  of  the  dura- 
tion of  tirot:  in  the  accounts.  The  Bebvioniam  pretend 
to  an  antiquity  of  the  same  romantic  kind;  they  boost 
of  47  lh«iu!»and  years  in  which  they  had  kept  observa- 
tions ; but  we  may  jut^e  of  these  as  of  the  others,  and  of 
the  observations  as  of  the  years.  The  Egyptians  speak 
of  the  stars  having  four  timra  altered  their  Courses  in  that 
period  which  they  claim  for  their  history,  and  that  the 
sun  set  twice  in  the  east.  They  wire  not  such  perfect 


astronomers,  but,  after  a round-about  voyage,  they  might 
perhaps  mistake  the  east  for  the  west,  when  they  came  m 
again. 

k EAR,  or  SJlar  Yeah,  properly,  and  by  way  of 
eminence  so  called,  b the  space  of  time  in  which  the  sun 
moves  through  the  12  si;.ns  of  the  ecliptic.  This,  by  the 
otnervatiuns  of  tfie  best  modern  astronomers,  contains 
365  days,.  5 hours,  48  min.  43}  seconds:  the  quantity 
assumed  by  the  authors  of  ib«  Gregorian  calendar  b 
305  days,  5 hours,  49  min.  But  in  the  civil  or  popular 
account,  this  year  only  contains  365  days;  except  every 
4th  year,  which  contains  J60. 

The  vicissitude  of  seasons  seem  to  have  given  occasion 
to  the  first  institution  of  the  year.  Man,  naturally  curi- 
ous to  know  the  cause  of  that  diversity,  soon  fouml  it 
was  the  proximity  and  distance  of  the  sun  ; and  therefore 
gave  the  name  year  to  the  space  of  tmu-  in  which  that 
luminary  performed  hb  whole  coiirsK.%  hy  reiiirning  to  the 
same  point  of  his  orbit.  According  tu  the  accuracy  of 
their  ubsiTvalions,  the  year  of  some  nations  was  more 
perfect  than  that  of  others,  but  none  of  ihem  quite  exact, 
nor  whose  parts  did  not  vary  with  regard  tu  the  parts  of 
the  sun’s  course. 

Herodotus  informs  us  that  it  was  the  Egyptians  who 
first  formed  the  year,  making  it  to  contuin  3fi0  days, 
which  they  subilividetl  into  12  months,  of  30  days  each. 
Mercury  Tnsmrgistus  added  5 days  more  to  the  account. 
And  on  this  footing  it  b said  that  Thales  instihilcd  the 
yrnr  among  the  Greeks;  though  that  form  of  the  year 
did  not  obtain  throueh  all  Gtercc*  AUn,  the  Jewbb, 
Syrian,  Roman,  IVrsian,  Ethiopic,  Arabic,  3cc  years, 
were  all  difiermr.  In  fact,  considering  the  imperfect 
state  of  astronomy  in  those  uges,  it  is  no  w-  ndcr  that  dif- 
ferent pi'ople  should  di^grec  m the  calculation  of  the 
sun’s  course.  We  are  even  assured  by  l)i»>d,  Siculus, 
lib.  J.  Plutarch,  in  Nuinn,  and  Pliny,  lib- 7,  cap.  48,  ^ 
that  the  F.gyptian  year  it->elf  was  at  first  very  dificrent 
from  that  now  represented. 

The  solar  year  is  either  astronomical  or  civil, 

The  A»ironomical  Sttlor  ^ kar,  is  that  which  is  deter- 
mined prt'cisely  by  astronomical  obw^rvalions ; and  is  of 
two  kind«,  tropical,  and  sidereal  or  astral. 

Tfopicnl,  or  Natural  Year,  is  the  tune  the  sun  lakes 
in  passing  through  the  zodiac  ; which,  na  bi  fore  observed, 
b 3fi5d.  5h.  48in.  43}  sec.  1'his  is  the  only  proper  ot 
natural  year,  because  it  always  keeps  the  same  seasons 
to  the  same  months.  i 

Suiereai  or  A*trai  Yeah,  is  the  space  of  time  the  sun 
takes  in  passing  from  any  fi.sid  star,  till  his  return  to  il 
acniM.  'I  bis  conaisls>  of  363d.  6h.  17  sec.;  being 

20m*  21}  sec.  longer  than  the  true  solar  year. 

LuAur  Year,  b the  space  of  12  lunar  months.  Hence, 
from  the  two  kinds  of  synodical  lunar  months,  there  aii»e 
two  kinds  of  lunar  years ; the  one  astronomical,  the  other 
civil. 

Ljt/Mr  Axtronomicoi  y consbts  of  12  lunar  syno- 
dical months  ; and  contains  3.34d.  8h.  48m.  38  m'C.  and 
b therefore  lOd.  2lh.  Om.  7*-  shorter  timii  the  sular  year, 

A dirti’rence  which  is  the  foundation  of  the  epact. 

Lunar  Gvd  Y’ear,  b either  common  or  embolismic. 
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The  Commm  Lunar  Year  consists  of  12  lunar  civil 
:non(hs  ; and  iKcreforo  conlaim  354  days.  And 

The  EmbolUmic  or  Intercatary  Lunar  Year,  consists  ' 
of  13  lunar  civil  months,  and  ihcrefurc  contains  3H4 
da)  s. 

'rbus  far  we  bavo  considered  years  and  months^  with 
rritard  to  astronumjcai  piiuciples,  u|M>ti  which  ilie  division 
is  founded.  Uy  thiii,  the  variuiib  forms  of  civil  years 
that  have  Inniierly  obtained,  or  that  do*  still  obtain*  in 
divcis  imiiunb,  are  to  be  i-xamiaed. 

Ctvil  Yeah,  u that  form  of  year  which  every  nation 
ha»  contmed  or  adopted,  fur  cumputing  their  lime  by> 
Or  (be  civil  is  the  tropical  year,  considi-red  as  only  cuu' 
SMiiOft  of  a certain  number  of  whole  days:  the  odd  hours 
and  minuica  being  st't  aside,  to  render  tbc  computation 
of  time,  in  Uio  common  occasions  of  life,  more  easy. 
As  the  tropical  year  is  365tl.  6b.  49ra.  or  almost  3b'6d« 
6h.  which  is  3(>6  days  and  a quarter;  therefore  if  the 
civil  year  be  made  3b'6  days,  every  4th  year  it  must  be 
Sfj6  days,  to  keep  nearly  to  the  course  of  the  sun.  And 
hence  the  civil  year  is  either  common  or  bi^atilc.  The 

Common  Cirii  Year,  is  that  Consisting  of  3fl6  days; 
having  seven  months  of  3|  days  oach,  four  of  30  da)s, 
and  one  of  days;  as  indicated  by  the  following  well 
known  memorial  verses: 

Thirty  days  hath  September, 

April,  June,  and  November; 

February  twenty-eight  alone, 

And  all  the  rest  have  thirty*ono. 

Biuejiite  or  Leap  Year,  consists  of  366  days;  having 
oiae  day  extraordinary  ; called  the  intercalary,  or  bisu'X- 
tile  day;  and  takes  place  every  4th  year.  This  iid- 
ditlunal  day  to  every  4lb  year,  was  first  introduced  by 
Julius  Ciesar;  who,  to  make  the  civil  years  keep  pace 
with  the  tropical  ones,  contrived  that  the  6 hours  which 
the  Utter  exceeded  the  former,  should  make  one  day  in 
4 years,  and  be  added  between  the  22d  and  23d  of 
Februar)’,  whicb  wastlvelr  6ih  of  the  caUndsof  March; 
and  as  they  theif  counted  this  day  twice  over,  or  had  bis 
seatu  calendas,  bence  the  year  itself  came  to  be  called 
bis  sexius,  and  bissextile. 

However,  among  us,  llie  intercalary  day  U not  intro, 
duced  by  counting  the  23d  of  February  twice  over,  but 
by  adding  a day  at  the  end  of  that  month,  whicb  there- 
fore in  that  year  cuiiUiiits  29  <iays. — A further  refunnation 
was  made  in  this  year  by  Pu^ie  Gregory.  See  (jifgorian 
Y'ear, Calendar,  BtaaixTiLE,  and  l.r.ap*  Veur. 

The  civil  or  legal  year,  in  Kngland,  formerly  com* 
iBeaced  on  the  day  of  the  Annunciation,  or  26ih  of  March ; 
though  the  historical  year  brgau  oa  the  day  of  the  Cir> 
curociaiofi,  or  Ui  wf  January  ; on  which  day  the  German 
and  Italian  year  also  commences.  I'he  part  of  the  year 
between  these  twi>  terms  was  usually  expressed  both  ways: 
as  1745-6,  or  But  by  the  act  fur  altering  Ihe  stiic, 

the  civil  year  now  commences  with  the  1st  of  January. 

^ Ancient  Homan  Year.  This  waN  the  lunar  year,  which, 
as  first  siHlIed  by  Romulus,  contained  only  ten  months,  of 
unequal  numbers  of  days  in  the  fbllowinit  order:  viz, 
March  31;  April  30;  May  31;  June  30;  Quiiitilis  31  ; 
SextilisSQ;  September  30;  OctoberdI  ; November  30; 
December  30;  in  all  304  days  ; which  came  short  of  the 
true  lunar  year  by  50  days ; and  of  the  S4»lar  by  6l  dnys. 
Hence,  the  beginning  of  Romulus’s  year  was  vague,  and 
unfixed  with  regard  to  any  precise  season;  to  remove 
which  iiMuuiueiueBce,  that  piinca  ordered  so  many  days 


C 6n  ] 

to  be  added  yearly  at  would  make  the  state  of  the  heavens 
correspond  to  the  first  month,  without  calling  them  by  the 
name  of  any  month. 

Numa  Pumpilius  corrected  this  irregular  constitution 
of  the  year,  composing  two  new  months,  January  and  Fe^ 
bruary,  of  the  days  that  were  used  to  bv  added  to  the  for- 
mer year.  Thus  Nuroa’s  year  cunsUud  of  12  iaoiiths,of 
djdurenl  days,  as  follow  ; via, 

January  - 29;  February  - 2d  ; March  • • 31 ; 

April  • • 29;  May  - - - • 31  ; June  - - - 2y  • 

Quinlilis  31;  Sextilis-  -•  29 » &‘ptembcr29; 

October  • 31;  November  - 29*  December  2p; 

in  all  355  da)s;  therefore  exceeding  the  quaniiiy  of  a 
lunar  civil  vear  by  one  day ; that  of  a lunat  astronomical 
year  by  15^  11"  22';  but  falling  short  of  the  c<>mn)on 
solar  year  by  10  da)s;  so  thatils  beginning  was  still  vague 
and  unstable. 

Numa,  however,  desiring  to  have  it  begin  at  the  winter 
solstice,  ordered  22  days  to  l>«  intercalated  in  February 
every  2d  year,  ^5  every  4lb,  22  every  bth,  and  23  every 
8th  year.  But  (hit  rule  failiug  to  keep  matters  even,  ra- 
coursc  was  had  to  a new  way  of  inlrrcalating ; uiul  in- 
stead of  23  davs  every  8tb  year,  only  1 6 were  to  be  added. 
The  caa’  of  the  whole  was  committed  to  ibe  pouulrx 
maximus;  who  however,  neglecting  (he  trust,  sufirred 
things  to  lun  to  great  confusiion.  And  thus  (he  Homan 
year  stood  till  Julius  Ca'sar  reformed  it.  See  Calen- 
dar. And  for  the  manner  of  reckoning  the  days  of  the 
Roman  months,  see.  Calends,  Nones,  and  Ides. 

Julian  Year.  This  is  in  effect  a solar  year,  commonly 
containing  365  days;  though  every  4th  year,  called  bis- 
sextile, it  contains  366.  The  months  of  the  Julian  year, 
with  the  nuinher  of  tlieirdays,  stood  thus  : 

January  - - 31;  February  - 28;  March  - - 31 ; 
April  - - - 30;  May  - - - 31  ; June  - - 30; 
July  -••31;  August  --31;  Si'piefal>er30; 
October  - 31;  November  30;  December  31, 
But  every  bissextUe  year  had  a day  added  in  February, 
making  it  then  Jo  contain  29  days. 

The  mean  quantity  tbrrdore  of  the  Julian  year  is  365  J 
days,  or  365^  6^;  exceeding  the  true  solar  year  by  some- 
what more  than  1 i minutes ; an  excess  which  amounts  to 
a whole  day  in  almost  ISl  years.  Hence  the  times  of  the 
equinoxes  go  backward,  and  fall  earlier  by  one  day  in 
about  130  or  131  years.  And  thus  the  Roman  yearstood, 
till  it  was  farther  corrected  by  po(ie  Gregory. 

For  settling  this  year,  Julius  Carsar  brought  over  from 
Sosigenes,  a celebrated  inithematician ; who,  to 
supply  the  defect  of  67  days,  which  had  been  lovt  tbrnugh 
the  neglect  of  the  priests,  and  to  bring  die  beginning  of 
ihe  year  to  (he  wiuter  solstice,  made  one  year  to  consist 
of  15  inontliA,  or  445  days;  on  which  account  that  year 
was  used  to  be  called  aomisconfusiunis,  the  year  of  con- 
fusion. See  JWom  Calendar. 

6'rcgormn  Year.  Thi«  is  the  Julian  year  corrected  by 
this  rule,  via.  that  iiutoad  of  every  secular  or  lOOth  year 
being  a bissextile,  as  it  would  be  in  the  former  mode,  in 
the  new  way  three  of  them  are  common  years,  and  oaly 
the  41  it  is  bissextile. 

The  error  of  II  nunutea  in  the  Julian  year,  by  conti- 
nual  repetition,  had  accumulated  to  an  error  of  13  days 
from  (he  lime  when  Caesar  mode  his  rorroctioo  ; by  which 
moans  the  equino.xes  were  gn*atly  disturbed.  In  the  year 
1582,  the  cqumomaswera  (alien  back  10  days,  and  the  full 
mooQi  4 days,  luvre  backward  ibao  they  were  in  the  tima 
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of  the  NIcww  coonciJ,  which  wa*  in  the  year  S25 ; via, 
thf  lurnier  from  (he  20tli  of  iNfurih  (o  the  1 0th,  attd  the 
Utter  tri'in  the  >th  to  thi  Ut  r>t  April.  To  n-mcJy  this 
incrra^mg  lrrrj*ul<iftt) . pop^Gr^;^>f)  the  15th,  in  theycar 
1592,  CKlIrd  l"{^’th<*r  (he  chut  a«trr»nomers  uf  his  tirite, 
and  rnncrrtt'd  this  currrctiuti,  atnitiinj:  the  lOdajs  above 
menliuncH.  He  cxcbanKi*il  ihr  lutmr  cyck*  lor  that  of  (he 
epacts,  and  made  the  5th  of  October  of  that  y^r  to  be 
the  15lb;  by  that  means  restuiiag  the  vrrnal  equino.x  to 
the  2Ut  r»f  March.  It  was  also  provided,  by  the  omie- 
fion  of  5 inlerciitary  days,  in  400  years,  to  make  the  civil 
year  keep  p«tce  ne.irl)  wit.n  the  solar  year,  for  the  time  to 
come.  SeeC.sLESDAU. 

In  the  year  1/00,  the  error  of  10  days  wa^  increased  to 
f ! ; upon  Hhteh,  the  proK'Staiit  states  of  Germuny,  to 
present  farther  Contosibn,  adopted  the  Ciregurian  corrre-* 
non.  Ami  the  same  w.isarcrpt> d aho  m r.ngkand  in  the 
year  r52.  when  !1  days  were  thrown  c>ut  after  the  2d  of 
.September  that  year,  by  accounting  the  3d  to  he  the  )4th 
dav  of  the  month  : calling  this  (he  new  style,  and  the  for- 
nter  the  old  style.  A.id  (he  Greghrian,  or  new  style,  is 
now  in  like  manner  used  in  most  countrits  of  Europe. 

Vet  tills  laM  rorrecnoh  in  still  not  quite  perfect;  for  as 
it  hws  been  sh<>wn  tint,  in  4 Centura's,  the  Julian  year 
gains  3^  ‘2**  4(^ ; and  as  it  is  only  the  3 days  that  are  kept 
out  in  the  (tregorian  yeai  ; ihcrr  is  still  an  excess  of 
2**  40"  in  4 centimes,  which  amounts  to  a whole  day  in 
30  centuries,  or  in 3(itKi years.  SccCalenoae,  iVioor 
Gre^nnan  SiIlV,  fltc. 

A^priorj  Yka  a,  called  also  the  year  of  Nabonassar,  on 
account  ot  the  e^Kich  of  Nab-massar,  is  the  solar  year  of 
3b'3  days,  divided  into  12  months,  of  30  days  each,  beside 
5 intercalary  days,  added  at  the  end.  llie  order  and 
Mines  of  tin  se  months  are  a«  follow  : 

1.  Thoih ; 2.  Paophi;  3<  Athyr; 

4.  Chirac  ; 5.  Tyhi ; 6.  Mecheir  ; 

7 Phftinenothj  ft.  I^hiirmuthi;  0.  Paction; 

lo.  Paiiiii ; If.  F.piplii;  12.  Mesori. 

As  the  Egyptian  year,  by  iiugb*cting  the  (>  hours,  in  every 
4 years  loses  a whole  day  of  the  Julian  year,  in  beginning 
runs  through  every  part  of  the  Julian  year  irr  the  spore  rf 
MfiO  years;  alter  which,  they  mwt  again;  for  which 
reason  it  is  called  the  erratic  year.  And  because  this  re- 
tom  to  the  «ame  day  of  the  Julian  year.  Is  performed  in 
she  space  of  tMiO  Julian  years,  this  circle  is  called  (he 
Sotliic  period. 

This  year  was  applied  by  the  Egyptians  to  civil  uses, 
HU  Anthony  and  Clrapatra  were  defeated  ; bnt  (he  mathe- 
maticians and  astronomers  used  it  till  the  time  of  Ptolc- 
iDy,  who  made  use  of  it  in  his  Almagest ; lo  that  the 
knowledge  of  it  is  of  great  service  in  astronomy,  for  com- 
paring the  ancient  ob^rvations  with  the  inoderii. 

The  ancient  Egyptians,  we  are  informed  by  Diodorus 
9icufus,  (Plutarch,  lib.  1,  in  the  lift*  of  Nnma;  and  Pliny, 
lib.  7»  cap.  -W)  measured  their  years  by  (he  course  of  the 
moon.  Ai  ftrst  they  were  only  one  month,  then  3,  then 
4,  like  that  of  the  Arcadmns ; and  then  6,  like  that  of  the  * 
people  of  Acarrlanta.  Those  authors  add,  that  it  is  on 
this  account  that  they  reckon  such  a vast  number  of  years 
fri«m  (he  beginning  of  the  world;  and  that  in  (he  histoiy 
ol  ihcir  kings,  wc  meet  with  some  who  lived  1000,  or 
(300  years.  The  same  thing  is  maintained  by  Kircher; 
(A*dip.  Ktrypt.  tom.  3,  pa.  25^  And  a late  author  «vb- 
servts,  that  Varro  has  affirmed  the  same  of  all  nations, 
(bat  has  been  quokd  of  the  Egyptians.  By  which  meant 


many  account  for  the  great  ages  of  the  more  ancient  pa- 
triarchs; expounding  the  grauual  decrease  In  (heir  ages, 
by  the  successive  increase  of  the  number  of  months  in 
their  years. 

On  the  Egyptians  being  subdued  by  the  Romans,  they 
received  the  Joliun  year,  (hough  with  some  alteration  ; 
for  they  still  retained  their  ancient  months,  with  the  Hve 
additional  days,  and  every  4tb  year  they  intercalated  an- 
other day,  for  Che  6 hours,  at  the  end  of  the  year,  or  be- 
tween the  28th  and  35)ih  uf  August.  Also,  the  beginning 
of  their  year,  or  the  first  day  of  the  month  ThotJi,  an- 
swered to  the  29th  of  August  of  the  Julian  year,  or  to  the 
30th  if  it  happened  to  be  leap  ymr. 

T^e  /fneient  GreeE  Year.— This  was  a lunar  year,  con- 
sisting of  12  months,  which  at  first  bad  each  SO  days, 
then  alternately  29  and  SO  days,  computed  from  the  first 
appearance  of  the  new  moon ; with  the  addition  of  an 
emimlismic  month  of  30  days,  every  3d,  5ih,  8tb,  11th, 
14th,  idtb,  and  19th  >car  of  a cyCicof  ipyears  ; in  order 
to  keep  the  new  and  full  moons  to  the  same  terms  or  sea- 
sons of  the  year.  v 

Their  year  commenced  with  that  new  moon  which  was 
nearest  to  (be  summer  soUtice.  And  the  order  of  the 
months,  with  (he  number  of  (heir  days,  were  as  follow : 

1.  Zxa.T'ji4,tctiiti¥,  of  39  days;  2.  M^rayiirviiev  30;  3. 

39  > 4.  Mai^axrr/^ioiy  30;  5.  Iliari^ntv  29; 
().  llifftiSewv  30;  7.  Txjj.r/ix‘y  39 » 3.  Av^fenjfiorv  30; 
9.  £Xa^i;3sAia>r  29 1 Iff*  30;  ll.0a^yr^>,iw 

29  Zxi^4^9^ctfy  SO.^But  many  ofthe  Greek  nations 
hat!  other  names  fur  their  months. 

The  .indent  Jneuh  Year.— This  is  a lunar  year,  usually 
consisting  of  11  months,  containing  alternately  30  and  29 
days.  And  it  was  made  to  agree  with  the  solar  year,  by 
adding  II,  and  sometimes  12  days,  at  the  end  of  the  year, 
or  by  an  embolismic  month.  '1  he  order  and  quantities 
of  the  months  wore  as  follow : I.  Nisan  or  Abib  30days; 

2.  Jiar  or  Zius  29 ; 3.  Siban  or  Sievan  30 ; 4.  'I  hamux  or 

Tamuz  29;  ^*  Ab  30;  6.  EIul  29  ; 7-  Tifri  or  Kihanim 
30;  S.  Marchosvan  or  Bui  29 ; 9 f 10.  Tebeth 

29;  II . Sabat  or  Schebeth  30;  12.  Adar  30  in  the  em- 
bolismic year,  but  29  in  common  year. — In  the  de- 
fective year,  Ciblru  was  only  29  days;  and  in  the  re- 
dundant year,  Marchesvan  was  30. 

The  .Modern  Jewah  Year  is  likewise  lunar,  consisting 
of  12  months  in  common  years,  but  of  13  in  embolismic 
years;  which,  in  a cycle  of  19  years,  are  the  3d,  6‘th, 
8th,  11th,  llth,  I7th,and  19th.  Its  beginning  is  ti.M*d  to 
the  new  moon  ne.xe  after  the  autumnal  equinox.  The 
names  and  order  of  the  months,  with  the  number  of  the 
days,  arc  as  follow  : 1.  Titri  30days  ; 2.  Marchi  tvan  29 ; 
S.Cisleu  30;  4.  Tebeth  29;  5.  Schebeth  30;  6'.  Adar 
29;  7*  Yeadar,  in  the  embolismic  year,  30 ; 8.  Nisan  30; 
9.  liar  29;  10.  Sivan30;  lt.Tbamuz29;  12.  Ab30; 
13.  Elul29. 

77le  ^idn  Year,  iiasolarone,  having  its  commence- 
ment fixed  to  the  b<‘ginning  of  October  in  the  Julian  year  ; 
from  wliich  it  only  difiers  in  (be  names  of  the  months,  (ho 
qoantitie>  being  the  same ; as  follow;  1.  Tishrin,  answer- 
ing to  our  October,  and  containing  31  days;  9 Latter 
Tishrin,  containing,  like  November,  30  days;  3.  Canun 
31  ; 4.  Latter  Canun  51  ; 5.  3bahat23,  or  29  in  a leap- 
year;  6.  Adnr  31 ; 7-  Ni«an  30;  8.  Aiyar  31 ; 9*  Hazi- 
ramSO;  10.  Thamuz  .11 ; ll.Abdl;  12.  L)ul30. 

7^  Persian  Year,  is  also  a solar  om*,  of  365  days, 
consisting  of  12  moiUhs  of  30  days  each,  with  5 inierca- 
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lary  ilays  ndJed  ol  the  end.  ■ 'the  mui;ths  arc  fuiluw  : 

I.  A^rudia  ineh  ; 2.  Ardibasebt  inch;  3.  Card!  meb;  4. 
Tbir  meb ; 5.  Mcided  inch  ; 6.  Scliabarir  im-b  ; 7.  Mv- 
har  ineh  ; 8.  Abrn  mrh;  f).  Adar  nu*h;  10.  l)i  Meb  j 

I I.  IWhrn  mch  ; 12.  As»iri-r  meb.  This  year  is  the  same 
as  the  l'.^pliun  NaUonassaroan,  ami  i»  calied  the  Yezde* 
gt  rdic  year,  tu  di^nn^uith  it  frutn  the  fixed  solar  year, 
called  iheOeLalrnn  year,  which  ibe  Versmiis  U*gan  to  uac 
in  the  year  1 079*  <md  vrliich  was  formed  by  an  NUcrcala- 
t>un,  made  six  or  seven  tunes  in  4 years,  and  then  once 
every  5lh  year. 

‘Ptf  .-irabiCf  Mahomftant  and  Tutkith  ^'ear,  called 
aUn  the  year  of  the  ilcgini,  is  a lunar  year,  equal  to  354^ 
8^  +8",  and  consists  of  12  motuh>,  containing  alteniali  ly 
30  and  29  days.  Though  sometimes  it  contains  13  months; 
the  names  Ac  being  as  follow  : 1.  Muharrnm  of  30  days ; 
C.  Saphur  29;  3*  Kubia  30;  4.  Latter  Haliia  29  > 3. 
Jornada  30;  6.  Luiu*r  Jornada  29*  7-  Itaiub  30;  A. 
Shaaban  29;  9-  Hamudan  30;  10.  Shawal  29;  11.  l)uU 
kuadah  30;  12.  Dulhcggin  29»  but  in  the  embolismic 
year  30.  An  intercalary  day  is  added  every  2d,  5th,  7th, 
lOlh,  13th,  15tbi  18ib,  2Ut,  24th,  2bth,2tlth,  in  a cycle 
of  29  years.  The  months  commence  sviili  the  first  ap- 
pearance of  the  new  moons  atlcr  the  conjunction, 

Eihiopic  Year,  is  a solar  year  perfectly  agreeing  with 
the  Actiac,  except  in  the  names  of  the  months,  which  are; 
1.  MasCiiram  ; 2.  Tykympt;  3.  Ilydar;  4.  Tyshas;  3. 
Tyr;  6.  Jacati);  /-Magabii;  8.  Mijazia;  9*Oinbat;  10. 
Sync;  11.  lUmcl  ; 12.  Hahase.  Intercalary  days  5. 
It  commences  with  the  Egyptian  year,  on  the  29<h  of 
August  of  the  Julian  year. 

The  Year  of  the  Nativ<  Americtm*. — In  Humboldt's  Re- 
searches, concerning  the  institutions  and  monuments  of 
the  ancient  inhabitants  of  America,  among  many  other 
things  concerning  the  Mexican  nation,  Ac,  we  find  scveial 
p.irticulars  relating  to  their  year  and  computation  of 
time.  It  seems  that  the  Mexican  calendar  possesses  a de- 
gree of  accuracy  and  refit>rmeni,  that  rises  considerably 
ahovr  all  the  other  marksof  their  civilization.  It  ap|K'>irs 
that  a stone  of  porphyry,  of  an  enormous  hulk,  dug  up  in 
the  year  I79*^»  fttul  covered  with  sculpture,  evidently  re- 
lative to  the  calendar,  has  thrown  considerable  light  on 
this  Curious  subject.  The  sculpture  is  in  relievo,  and 
well  polished;  the  concentric  circles,  with  their  numer- 
ous divMions  and  tubriivisions,  are  traced  with  mathe- 
malical  exactness.  In  the  centre  of  the  stone  is  sculp- 
tured  the  hieroglyphic  of  the  sun,  surrounded  by  eiglit 
triangular  radii.  I'ln-  god  Tonaiuih  is  figured,  opening 
his  large  mouth,  armed  with  teeth,  which  reminds  us  of 
n figure  of  a divinity  in  lliiidustun,  the  image  of  Kala,  or 
Time. 

It  appi'ars  that  the  civil  year  of  the  Mexicans,  was  a 
solar  year  <d  3fi5  days,  and  divided  into  18  months,  of 
20  davs  each,  with  5 days  added  at  the  end.  ‘I  he  begin- 
ning of  the  day  was  reckoned,  like  that  of  the  Peisians  and 
Egyptians,  from  sun-rising,  it  was  divided  into  4 inier- 
vaU,  determined  by  the  riving  and  usting  of  the  sun,  and 
its  two  passages  over  the  meridian  circle.  The  hierogly- 
phic of  the  day  was  a circle  divided  into  4 equal  parts. 
Each  month,  of  20  days,  was  dividixi  into  4 weeks,  or  pc- 
rioiK  of  5 days.  The  kluescas,  a nation  south  of  the 
Isthmus,  had  weeks  of  3 day>;  but  it  docs  not  appear 
that  any  nation  of  the  new  coiitineitt  was  acquainted  with 
the  week  or  cycle  of  J days;  which,  with  a few  excep- 
tions, is  found  all  over  the  old  world. 


Thirteen  Mexican  years  formed  a cycle,  to  which  they 
gave  a particular  name ; and  4 of  these,  coiistttuling  a 
period  of  52  years,  was  denoted  by  another  term  ; and 
two  of  these  periods  of  52  years  formed  what  they  called 
on  old  age.  At  the  end  of  52  years.  13  days  were  added, 
which  makes  the  Mexican  year  agree  with  the  Julian, 
of  3f>5}  days.  But  Gama,  an  astronomer  very  learned 
in  the  chronology  and  history  of  the  Mexicans,  is  of  opi- 
nion that  they  inu  rcalaicd  only  25  days  in  104  years;  and 
this  would  give  the  length  of  the  year  s 305*24  days, 
which  is  very  near  the  truth;  being  more  accuravc  than 
that  of  Hipparchus,  and  is  nearly  the  same  as  that  which 
was  deicnninud  by  the  astronomers  of  the  caliph  Al- 
mnmntiti. 

'J'hc  Mexicans  were  in  possession  of  annals  which  went 
back  8|  ceiiuirii-s  before  the  arrival  of  Cortes  in  the 
country  of  Annliuac.  'i'hu  reckoning  of  time  wav  accord- 
ing  to  periods  of  52  nr  104  years;  and  along  with  the 
M-ries  ol  years  and  days,  expressed  by  hieroglyphics,  the 
inigratiom  of  the  nations,  the  battles  and  remarkable 
events  of  each  reign,  were  repraicnted  in  the  paintings  of 
wdiich  the^e  annaU  were  compost  d.  In  the  reckoning  of 
time,  huwevei,  a particular  artifice  was  employed;  for 
though  the  numbering  of  the  years  and  months,  from  a 
given  era,  would  have  suflicieiiily  ascertuined  the  date  of 
any  event,  just  av  with  us,  this  simple  method  was  re- 
jected, and  in  its  strati  was  substituted  a contrivance,  by 
which  the  name  of  the  year  determined  its  relative  situa- 
tion. This  device,  M.  Humboldt  thinks,  was  the  work 
of  the  prieste,  and  was  efTecttd  Jiy  dividing  the  cycle  of 
13  years  into  smaller  cycles  of  4 years  each,  and  distin- 
guishing these  years  by  particular  names. 

ITie  symbolical  writing  of  the  Mexican  nations  exhi- 
bited simple  signs  for  the  number  20,  and  for  its  2d  and 
3d  powers,  400  and  8000.  A small  standard,  or  flag, 
represented  20  units;  400,  the  square  of  20,  was  figured 
by  a feather,  because  grains  of  gold,  inclosed  in  a quill, 
wi-re  uscnJ  in  some  places  as  inuney,  or  a sign  for  the 
purposes  of  exchange.  The  figure  of  a sack  indtcaled 
8000,  or  the  cube  of  20.  and  had  the  narne  that  was 
given  to  a kind  of  purse  that  contained  8000  grains  of 
cocoa.  A flag,  divided  by  iw-o  cross  limit,  and  half  co- 
loured, denoteil  10;  and  when  three  quarters  were  Co- 
loured, it  denoted  15.  The  MexiCHQ 'o<abulary  atforded 
names  for  numbers  as  far  as  48  millions,  and  derived, 
according  to  the  strictest  rules  of  analogy,  from  the  de- 
cimal mode  of  reckoning.  'I'hc  units,  as  far  us  10,  or  20 
sometimes,  were  marked  by  dots  or  points;  thus,  23  was 
expressed  by  a flag  followed  by  3 dots,  Ac. 

M.  Humboldt  remarks,  that  seM-ral  of  the  names  by 
which  the  Mexicans  denoted  the  20  days  of  their  month, 
arc  those  of  the  tiigns  of  a zodiac,  in  use  from  the  remotest 
antiquity  amonl*  the  nations  of  eastern  Asia.  He  com- 
pares the  names  of  the  Mexican  symbols  for  the  days, 
with  tha  Tartarean,  .Iapani>sc,  and  Tibetan  names  of  the 
1 2 signs,  and  also  with  the  names  of  the  lunar  houses  of 
ahe  Hindus.  In  S of  the  hieroglyphics  the  analogy  is 
very  striking.  Thus,  Alh,  the  name  of  the  first  day,  as 
al<w>  of  water;  is  indicated  by  an  hieroglyphic,  the  pa> 
rallel  or  undulating  lines  of  which  remind  us  of  the  sign 
Aquarius.  In  (he  Tibetan  zodiac  this  sign  is  marked  by 
a rat,  which  is  also  used  as  an  emblem  of  water.  The 
rat  is  likewise  an  astrrism  in  the  Chinese  zodiac.  Seven 
other  of  the  names  or  characters  stand  related  nearly  in 
the  same  manlier.  M.  Humboldt  also  justly  considers  it 
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ft  rcmftrbftbk  circumstance,  that  the  ape  it  n character 
used  in  the  Mexican  calendar,  as  it  is  in  the  Tibetan  ao- 
diac,  and  in  the  lunar  houses  of  the  Hindus,  ibouf>h  this 
animal  doc*  nut  exist  in  the  high  country  ufthc  Ai^es. 

It  appean  that  the  Mexicans  made  astronomical  ob* 
tcrvatiuiu  by  itieain  of  the  gnomon;  and  knew  from  them, 
that  in  the  first  year  ot'  the  cycle,  the  c<)uinoxrs  fell  on 
Certain  days  of  the  4lh  and  13th  niuiiib.  The  Peruvians 
an<l  CettUu  regulated  their  interc£Ution,  not  by  the 
shadow  of  the  gnomons,  which  they  lio\«erer  very  as>i* 
duously  measured,  but  by  marks  placed  in  thehuriaon, 
to  denote  where  the  tun  rose  and  set  on  the  days  of  the 
solstices  and  equinoxes!' 

For  the  Hindu  year,  see  the  Philos.  Trans.  Abtidg.  vol. 
l6,  pa.  742«  dec,  and  vol.  17>  pa.  f50,  &c;  tUo  our 
article  Chromoloot.  • 

YK^OW,  one  of  the  primary  or  original  colours  of 
light. 

YESDEGF.RDIC  Yrar.  See  Perrian  Year. 

YOU^G  (Matthew)  d.  d.,  the  very  learned  biahop 
of  Clonfort  and  Kilmacdoach,  was  of  a rrtpecuble  family 
in  the  county  of  Roscommon,  was  born  in  17dO,  and 
died  Nov.  ?S,  1800,  at  M'hitworth  in  Lancashire,  a 
lingering  and  painful  malady,  a cancer  in  the  tongue. 
Tic  was  admitted  into  the  university  of  Dublin  in  17fifi( 
and  elected  fellow  of  the  college  in  1773*  In  the  prose- 
cution of  that  obje  ct,  his  nttention  was  necesaarily  di- 
rcclid  to  the  Neutonian  philoso)>hy,  of  which  ho  early 
became  an  enthusiastic  adinirer;  and  displayed,  at  the 
c.xamioation  for'  hts  fellowship,  an  unexampled  know- 
ledge and  comprehension  of  iL  It  conlinu^  to  be  his 
favourite  study,  bnt  not  his  only  one.  His  active  mirKl 
embraced  in  rapid  succession  the  most  dissimilar  objects; 
and  these  he  pursued  with  unceasing  ardour,  amidst  his 
various  duties  as  a fellow  and  tutor,  and  the  freest  inter- 
course with  society,  which  he  was  formed  at  once  to  de- 
light and  instruct.  His  love  of  literary  conversation,  aud 
the  advantages  he  e.xpcricnced  from  it  in  the  pursuit  of 
science,  led  him  early  to  engage  in  forming  a society  whose 
chief  object  was  the  improvement  of  its  members  in  theo- 
logical learning.  It  consisted  of  a small  number  of  his 
roost  intimate  college  friends,  and  continued  to  exist  for  a 
series  of  yeara,  with  equal  reputation  and  advantage.  Out 
of  this  association  grew  another,  somewhat  more  extensive, 
whose  labours  were  directed  to  philosophical  researches, 
and  in  the  formation  of  which  Mr.  Young  was  also  ac* 
lively  engaged : and  this  itself  became  the  germ  of  the 
Royal  Irish  Academy;  which  c*^cs  its  existence  to  the 
* zeal  and  exertions  of  the  members  of  that  society,  among 
whom  Mr.Young  was  particularly  distinguished.  In  the 
iotcrvals  of  his  sct*erer  studies,  he  applied  himself  to  mo- 
dem languages;  and  the  result  of  his  labours  may  be  seen 
in  the  Transactions  of  the  R.  I.  A.,  to  which  he  also 
contributed  largely  on  mathematical  and  philosophical 
subjects. 

In  the  first  volume  of  their  Transactions;  A Synthetical 
Demoiutration  of  the  Rule  for  the  Quadrature  of  Simple 


Curves  per  rrquatioties  terminoram  aumrro  infitiitM;  On 
the  Extraction  of  Cubic  and  othiT  Roots;  Ancn*nt 
Gaelic  poems  r«*speciing  the  race  of  the  Fiiani  coll.-tird 
ill  the  Highlands.  In  vo).  2nd;  An  lloquiry  into  iIm* 
difivrent  modes  of  Dcmunsiratlon  by  which  the  Velocitv 
ot  Spouting  Fluids  has  been  investigated  a prio  ri.  In  vpl. 
3rd ; The  Origin  and  Theory  of  the  Gothic  Arch.  In 
vol.  4th;  Demonstration  of  Newton's  'I'iicoreins  for  tbi« 
Correeciun  of  spherical  Errors  in  theOhjcct-glasws  of  Te- 
lescopies. In  the  5th  wnd  (>th  volumes,  nothing.  Ursnlc's 
these,  Dr.  Young  publibitcd  the  following  learned  and 
ingenious  works:  The  Pbvnnmeqft  of  Sounds  and  Mu- 
sical SinngSf  8vo,  1784:  Tha  Force  of  lestimony,  N;t*. 
4to:  The  Number  of  Primitive  Gvlours  in  Solar  l.igut : 
On  the  Precession  of  the  Equinoxes':  Prmciph  « of  Na- 
tural Philosophy,  8vo,  1800,  being  his  last  pnbliciition, 
and  containing  the  substauce  of  bis  lectures  in  the 
college. 

In  1786,  when  the  profetaoithip  of  philosophy  in  Tit- 
nity-colicgc  became  vacant,  be  had  niiained  so  high  re- 
putation in  that  branch  of  science,  that  he  w as  elected  to 
the  office  without  oppiositiun.  His  Essay  on  Sounds  had 
been  published  some  years;  and  it  was  known  he  was  en- 
gaged in  the  arduous  task  of  illoslrating  the  Principm  'of 
Newton.  He  now  devoted  himself  to  the  duties  of  Lis 
professorship ; and  the  college  having  been  enriched  with 
the  excellent  apparatus  of  Mr.  Atwood,  Dr.  Y.  improved 
the  fortunate  occauon  of  carrying  his  lectures  to  a degree 
of  perfection  unknown  in  the /University  of  Dublin,  and 
never  perhaps  exceeded  in  any  other.  He  proceeded  in 
the  mean  lime  in  bis  great  work,  **  The  Method  of  Prime 
and  Ultimate  Ratios,  illosTratcd  by  a Commentary  on  the 
first  two  books  of  the  Prroetpia,"  and  had  nearly  completed 
it  in  Kr^lish,  when  he  was  advised  by  his  friends  to  pub- 
lish it  in  Latin.  He  readily  acquiesced,  and  thus  had  an 
opportunity,  while  translating  it,  of  revising  the  whole, 
and  rendering  it  fuller  and  more  perfect.  It  was  finished 
a year  or  two  before  bis  appointment  to  the  see  of  Cion* 
fort,  at  which  time  he  was  engaged  in  preparing  for  its 
publication.  His  attention  was  unavoidably  diverted 
from  U bjr  the  occupations  attending  so  important  a 
change;  and,’%afore  he  could  return  to  it,  the  dreadful 
malady  bod  commenced,  under  which  he  languished  for 
15  months,  before  its  fatal  terminalion ; though  in  the 
midst  of  bit  suilbrings  his  ardour  for  sdeiKc  waf  nut 
abated. 

The  circumstances  of  his  promotion  to^lfic  episcopal 
bench  rrfiect  equal  honour  on  himsedf  ami  the  noble 
person  (lord  Cornwallis)  who  conferred  it.  It  was  a fa- 
vour as  unsolicited  as  unexpected,  unless  thrreport  made 
to  bis  Excellency  by  bis  principal  secretary,  on  being 
consulted  as  to  the  pruperest  person  to  fill  the  vacant  see, 
may  be  called  solicitation.  'Ills  report  was,  that  he  be- 
lieved Dr.  Young  to  be  the  most  distinguished  literary 
character  in  the  kingdom  and  he  was  recommended 
accordingly.  , 
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^AMOUANO  (Hrnico),  a go*yl  Jfpanuli  maihemafi- 
c'uin,  i»  ihc  lOili  ceiitui),  bving  ibe  r< yai  lfctur<^r 
Oil  thni  scitncc,  at  Scvillts  wlierc  he  published  an  c.\cci* 
km  cumpemltum  of  imsigution,  in  bcinp  a treatise 

wiitten  clcijri>  and  with  brevity',  nut  bcin;{  encunitcred 
with  &uch  idle  ^ptculaiions  a»  atiuuml  in  Medina  and 
Cones*.  Ziimomiio,  it  seems,  comribulcd  much  to  the 
reforming  (ho  sia  cbarls  ;o  wo  ufe  informed,  by  hi»  «uc* 
ci'5^)r,  Anares  (tarca  do  C*‘.<ipodcs.  \iho  himself  also 
pubiiibcd  a treatise  on  imvig;utM:n  at  Madrid,  in  lb'06. 

^bNllH,  in  Astronomy,  thcseriicai  point,  or  point  iu 
the  hcav'cm directly  ovcihead.  Or,  the  zenith  is  a {xunt 
in  the  surface  of  the  sphere,  fmm  which  a right  line  drawn 
through  the  place  of  any  spectator,  passes  through  the 
centre  of  the  earth.  'Ihe  zenith  of  any  place,  is  also  the 
pole  of  the  horizmi,  being  pO  di*grees  distant  from  every 
point  of  it.  And  through  the  zauilh  pass  all  the  azimuths, 
or  vertical  circles. 

Tlie  point  dianietrically  opposite  to  the  tenith,  is  called 
the  nadir,  being  the  point  in  the  sphere  directly  under 
our  feet : aod  it  is  the  zenith  lu  our  antipodes,  as  our  zc* 
nith  is  their  nadir. 

ZcKiTH  DUiancCs  is  the  distance  of  the  tun  or  star 
from  our  eenitb;  and  is  the  complement  of  the  altitude, 
or  what  it  wants  of  ^0  degrees. 

ZENO,  El£at1);s,  or  ul  one  of  the  greatest  phi- 
Iniopbers  among  ihc  ancients,  flourished  about  500  years 
before  the  Christian  sera.  He  was  the  disciple  of  Parme- 
nides, and  even,  according  to  some  writers,  his  adopted 
son.  Aristotle  asserts  that  he  was  the  inventor  of  logic  : 
but  his  logic  seems  to  have  been  calculated  and  employed 
to  perplex  rather  than  to  illustrate  and  decide  any  thing; 
for  Zeno  employed  it  only  lu  dispute  against  all  comers, 
and  to  silence  his  opponents,  whciber  they  argued  right 
or  wrong.  Among  many  oilier  subtleties  and  embarrassing 
arguiuenis,  he  proposed  some  with  regard  to  motion,  de- 
nying that  there  wus  any  such  thing  in  nature ; and  Ari- 
siuile,  in  the  6th  book  of  bis  physics,  has  preserved  some 
of  them,  which  are  extremely  subulc,  especially  the  fa- 
mous argument  named  Achilles;  whith  was  to  prove 
this  proposition;  that  the  swiftest  animal  could  never  m-tr- 
take  the  slowest,  as  a greyhound  a tortoise,  if  the  Utter 
set  out  a Uttic  before  the  former:  for  suppose  the  tortoive 
to  be  100  yards  before  the  dog,  and  that  this  runs  100 
timiaias  fast  as  the  other;  then  while  the  dng  runs  the 
fir>t  100  yards,  Ihe  torioUe  runs  1,  and  is  iherelore  1 yard 
bi'fore  the  dc^;  again,  while  the  dog  runs  over  this  yard, 
the  tortoise  will  run  the  lOOth  part  of  a yard,  and  will 
be  so  much  before  the  dug;  and  again,  while  the  dog 
luiu  over  this  lOOth  part  of  a yard,  the  tortoise  will  have 
got  (he  lOOUi  part  of  that  ltX)th  par^  before  him;  and  so 
nn  continually,  itays  be,  the  dog  will  always  be  some 
siqhII  part  behind  the  tortoise.  But  the  hvllacy  will  soon 
be  di  (•Ttod,  by  considering  where  the  tortoise  will  be  when 
the  dog  has  run  over  200  yards;  for  ns  the  former  can 
have  run  only  two  yards  in  the  same  liiiie,  and  therefore 
iniihl  iheti  be  p8  yards  behind  the  dog,  he  consequently 
mu*.t  have  overtaken  and  passed  the  tortoise.  It  has  been 
said  that,  to  prove  to  him,  or  some  disciple  of  his,  that 
tliiTi*  is  such  a thing  as  motion,  Diogenes  the  Cynic  rose 
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up  Qud  walked  over  the  floor. -*Zt-no  showed  great  cou- 
rage in  sufleriog  puin;  for  having  joined  with  others  to 
endeavour  U>  restore  liberty  to  liu  country,  w hich  groaned 
uiidiT  the  onpn‘S!<ion  of  a ly  rani,  and  the  enterprise  being 
discovered,  ke  supported  wiiii  extraordinary  flrumvss  the 
sharpest  toiturcs.  It  iseviMisaid  that  he  had  the  courage 
to  bile  off  bis  tongue,  and  spit  it  in  the  tyrant's  face,  lor 
fear  of  being  forced,  by  the  violence  of  bis  (orrueiits,  to 
discover  his  accomplices.  Some  relate  that  he  was 
pounded  to  death  in  a mortar. 

ZiiNO,  a cckhrated  Oreek  philosopher,  wus  born  at 
Citium,  ip  the  Isle  of  Cyprus,  and  was  the  founder  of 
the  Stoics : a sect  which  had  its  name  from  that  of  a 
orticu  at  Athens,  where  this  philosopher  chose  to  hold 
is  discourses.  He  was  cast  on  that  coast  by  shipwreck  ; 
and  he  ever  after  regarded  this  as  a great  happims!*,  prais- 
ing the  winds  for  having  so  happily  driven  him  into  the 
port  of  Pira;um.->ZeDO  was  the  disciple  of  Crates,  and 
had  a great  number  of  followers.  He  made  liie  aovc- 
reign  good  to  consist  in  dying  in  conformity  to  nature, 
guided  by  the  dictates  of  right  reason.  He  ucknow  hedged 
but  one  God ; and  admitted  an  inevitable  destiny  over  all 
events.  His  servant  taking  advantage  of  this  last  o^iiiiun, 
cried,  while  he.  was  beating  him  for  dishonesty,  **  1 was 
destined  to  steal  to  which  Zeno  replied,  **  Yes,  and  to 
be  beaten  too."  This  philosopher  used  to  say,  **  Tliat 
if  a wise  man  ought  not  to  be  in  luve,  as  some  pretend- 
ed, none  would  be  more  miserable  than  beautiful  and 
virtuous  women,  since  (bey  would  have  none  for  theix 
admirers  but  I'ooU.*  He  also  said,  **  That  u part  of 
knowledge  con»*ists  in  being  ignorant  of  such  things  :i$ 
ought  not  to  be  known : that  a friend  is  another  self; 
that  a little  matter  gives  perfection  to  a wuik,  lliougU 
perfection  is  nt»t  a UuU  matter."  He  compared  these 
who  spoke  well  and  lived  ill,  to  the  money  of  Alexandria, 
which  was  bcauiitul,  but  composed  of  bad  mctnl. — It 
is  said  that  biing  hurt  by  a iall,  lie  loi>k  that  &v  a sign  hr 
was  then  to  quit  this  life,  ami  laid  violent  hands  on  htm- 
telf,  about  204  years  before  Christ- 

Ciiambcs,  Crysippus,  and  the  other  successors  of  Z<  no 
RiaifitHiiied,  that  with  virtue  «c  might  be  happy  in  the 
midst  even  of  disgrucv  and  tbo  most  dreadful  torment!*. 
They  adinitred  the  e.\Mtcpcc  {»f  but  one  God,  the  soul  of 
the  world,  which  they  considered  as  bis  body,  and  both 
together  forming  a perfect  being.  It  »s  lemarked  that, 
of  all  the  stcis  of  the  ancient  philoa»»phers,  this  was  one 
of  those  which  produced  iho  greatest  nun.  \VV  ought 
not  Ui  confound  the  two  Zenos ohfivc  mentioned,  with 
Zeno,  a celebrated  Epicufenu  philuM>pbiT,  born  at  Si- 
don,  who  had  Cicero  and  Pomponius  Atticus  for  his  dis- 
ciples, and  who  wrote  a book  against  the  nuithcmalic!*, 
wliicli,  as  well  as  that  of  ros«*id<jiiiuss  refutaiion  of  it,  is 
Inst:  nor  yet  with  several  other  Zenos  imnlioncd  in 
history. 

ZENSDS,  or  Zenzus,  in  Arithmetic  and  Algebra,  a 
name  used  by  some  of  the  older  authors,  (specially  in 
Germany,  for  a square  mimUr,  or  the  2d  power  : being 
a corruption  from  the  Italic  ceiwi,  of  Paciuli,  TBrinlea, 
iicc,  or  the  Latin  cm««,^which  siguiiii'd  thf  same  ihing. 
ZETCTICE,  or  Zetetic  .Vc/Aod,  in  Mathematics,  was 
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the  method  made  u»e  of  to  or  find  out  the  the  »un*s  atmosphere  sometimes  rcachn  as  far  as  ihe 


fuliition  of  a pn>blfn) ; and  was  much  the  same  thing  as 
analytics,  or  (he  analytic  method.  Vieca  has  an  ingeni- 
ous work  of  this  kind  in  i Uiuka ; Zctc-ticorum  hbri 
quiii(|uc. 

ZOCCO.-ZoccoLOtZocLK,  or  St»ci.F.,  in  Architecture, 
a tcjuarc  body,  less  in  h«  lg}it  than  in  breadth,  placed  un- 
der Ihe  bases  uf  pedestals,  statues,  vaKs,&c.  See  Socle 
and  Plinth. 

ZODIAC,  in  Astronomy,  an  imaginary  ring  or  broad 
circle,  in  ibc  heavens,  in  form  of  a belt  or  girdle,'  wiih* 
m ibt  planets  all  make  their  e.xcursions.  In  the 
Middle  of  it  runs  the  ecliptic,  or  path  of  the  sun  in 
his  annual  ct»urse;  and  its  breadth,  compreheiidiug  (Bo 
deviations  or  latitudes  of  the  planets,  is  by  some  authors 
accounted  1(>^,  some  Ifi,  and  others  SO  degrees. 

me,  cutting  the  equator  obliquely,  makes  with 
it  tha^Re  a^lo  f^I|ke  ecliptic,  which  is  its  middle  line, 
whicii  angle,  coi^tfiffaHy  varying,  is  now  netfj^^ual  to 
23°  27'  4&' ; which  is'called  the  obliquity  of  ^110  iodtac 
or  ecliptic,  and  is  also  the  sun's  greatest  declination. 

The  lodiac  is  divided  into  12  equal  ports,  of  30  degrees 
ea^,  caUbd  the  signs  of  the  zodiac,  being  s(»  named  froq^ 
the  constellations  wbicli  anciently  passed  through  them. 
Uut.theslars  having  an  apparent  motion  from  w»t  to  cast, 
arising  from  the  precession  of  the  equinoxes  those  con- 
siellalioDS  do  nut  now  correspond  to  thei^  proper  signs. 
And  therefore,  when  a star  is  said  to  be  itiiiiich  a sign 
of  the  zodiac,  it  is  not  to  be  unJiTStood  of  that  coniitcl- 
lation,  but  only  of  that  dodecatemory  or  12lh  patt  of  it. 

The  zudinc  appears  to  be  very  ancient,  and  to  have 
passed  from  the  ancient  Hindus,  successively  westward, 
through  Persia,  Arabia,  Assyria.  Kgypt,  &c,  to  Europe; 
as  specimens  of  the  same  kind  of  zudiac  have  been  found 
ill  all  those  couutrics,  with  only  some  small  variation  in 
the  figures  of  some  of  the  constellations;  Accompanied 
also  with  Appropriate  omUcmatical  figures  of  the  sun  and 
tnoon,  with  those  of  the  plancLs,  in  their  order. 

Ciissini  has  also  observed  a tract  in  the  heavens,  with- 
in whose  bounds  most  of  the  comets,  tlimigh  not  all  of 
them,  are  observed  to  keep,  and  which  be  therefore  calls 
the  Zodiac  of  the  comets.  This  he  mnkos  as  broad  as 
the  other  zodiac,  and  marks  i t with  signs  nr  constellations, 
like  that;  as  Aniinous,  Pegasus,  Andromeda,  Taurus, 
Orion,  the  Lesser  Dog,  Hydra,  (he  Centaur,  Scorpion, 
and  Sa^iitary. 

ZODIACAL  Ligfii,  a brightness  sometimes  observed 
in  the  sodiac,  resembling  that  of  (be  galaxy  or  milky  way. 
It  appears  ai  certain  seasons,  viz,  towar4ls  tho  end  of 
winter  and  in  spring,  after  suuset,  or  before  his  rising,  in 
autumn  and  beginning  of  winter,  resembling  the  form  of 
a pyramid,  lying  lengthwise  with  its  .*txis  along  the  zodiac, 
its  base  being  placed  obliquely  with  respect  to  the  hori- 
zon. This  phenomenon  waa  first  dtscrftjtd  and  named 
by  the  eldrr  Cassini,  in  1683.  It  was  afferwards  observed 
by  Patio,  in  Ki8V,  l6'8.y,  and  1686;  aNo  by  Kirch  and 
Limmart,  in  l6S8,  1689,  1^9I>  1693,  and  1694.  9ce 
Mairan,  Suite  des  Mem.  dc  I'Acad,  Royale  des  Sciences 
J7S1,  pa.  3. 

The  zodiacal  light,  according  to  Mairan,  is  the  solar 
atmmpherc,  a rare  and  subtile  fluid,  either  luminous  by 
itself,  or  made  so  by  the  rays  of  the  sun  surrounding  its 
globe;  but  in  a grenter  quantity,  and  mure  extensively, 
about  his  equator,  than  any  other  part.  Mairan  observes 
also  that  it  may  bo  proved  from  many  observations,  that 


earth’s  orbit,  and  there  meeting  with  our  alinovpbrrr, 
produces  the  uppearauco  of  an  namr.i  borealis.  The 
length  of  ihe  zodiacal  light  varies  sometimes  in  reality  ; 
and  xometinifB  in  appearance  only,  from  various  causes. 

Cassini  often  imntion>  the  great  n'sembUnce  between 
the  zodiacal  lr<;hutiid  the  tails  «>l  coniols.  The  sumc  ob- 
servation has  been  made  hy  Kutio;  and  Euler  endeavour- 
ed to  prove  that  they  wore  owing  to  similHr  causes.  See 
D^couvef|L4e  la  Lumi^re  Celeste  que  paruit  clans  l« 
ZiidUqua^  aft.  41.  Lcttre  h M.  Cassini,  printed  at  Am- 
lte:nkm  iA,  1686.  Euler,  in  Mem.  de  I'Acad.  dc  Berliu, 
tom.  2.  '•■i 

'rhis  ligbl  scoins  to  have  no  other  motion  than  that  of 
the  sun  i(s<‘lf:  and  its  extent  from  the  sUn  u>  its  point,  is 
seldom  less  than  50  or  60  degrees  in  Icogt^,  and  mure 
than  20  defifrees  in  breadth : but  it  has  been  known  to 
extend  to'lOO  or  103*,  and  from  S to  9°  broad. 

U is  now  generally  acknowledgcilt  that  the  electric  fluid 
3s  the  cause  of  the  aurora  boroalir,  ascribed  by  Mairan  to 
the  solar  atmosphere,  which  prodtices  the  zodiacal  light, 
and  which  is  thrown  off  chiefly  and  to  the  greatest  distance 
from  the  equatorial  parts  of  ibc  sun,  by  means  of  the  ro- 
tation on  his  axis,  and  extending  visibly  as  far  as  the  orbit 
of  (he  earth,  where  it  falls  into  the  upper  regions  of  our 
atmosphere,'  and  is  collected  chiefly  towards  the  polar 
parts  of  the  earth,  in  consequence  of  (he  diurnal  revolu- 
tion, where  it  furms  the  aurora  borealis.  And  bcncc  it 
has  been  suggested,*  as  a probable  conjecture,  that  the  sun 
may  bo  the  fountain  of  the  electrical  fluid,  and  that  the 
zodiacal  light,  and  the  tails  of  comets,  a«  well  os  the  au- 
rora borealis,  the  lightning,  and  artificial  electricity*,  are 
its  various  and  not  very  dissimilar  modiflcaiions. 

ZONE,  in  Geography  and  Astronomy,  a division  of 
the  c.-irih’s  surface,  by  means  of  parallel  circles,  chiefly 
with  respect  to  the  degree  of  beat  in  the  different  parts  of 
that  surface.  “ 

'I'lie  ancient  astronomers  used  (he  term  Zone,  to  explain 
the  differe  nt  appearances  of  the  sun  and  other  heavenly 
bt»dj(s,  with  the  length  of  the  days  and  nights;  and  the 
geographers,  as  they  used  (he  climatis,^  to  mark  the  situa- 
tion of  places  ; using  the  term  climate  when  they  were 
able  lo  be  ronre  exact,  and  tire  term  zone  when  Ics-v  so. 

The  zones  were  commonly  accounted  five  in  number; 
one  a broad  belt  round  the  middle  of  the  earth,  having 
(he  ef|uator  in  the  rery  middle  of  it,  and  bounded,  (owanK 
the  north  and  south,  by  parallel  circles  passing  through 
the  tropics  of  Cancer  and  Capricorn.  'I'liis  they  calied 
the  torrid  zone,  which  they  supposed  not  habitable,  on 
account  of  its  extreme  heat.  Though  sometimes  they  di- 
vided this  into  two  equal  torrid  zones,  by  the  equator, 
one  to  the  north,  and  the  other  south  ; and  then  (he  whole 
number  of  tones  was  accounted  6. 

Next,  from  the  tropics  of  Cancer  nnd  Capricorn  to  the 
two  polar  circlet,  were  two  other  spaces  called  temperate 
zones,  as  being  moderately  warm;  and  these  they  sup- 
posed to  be  the  only  habitable  parts  of  the  earth. 

Lastly,  the  two  spaces  beyond  the  temperate,  zones, 
about  dther  pole,  bounded  within  the  polar  circles,  and 
having  the  poles  in  the  middle  of  them,  are  tbe  two  frigid 
or  frozen  zones,  and  which  they  supposed  not  habituLlc, 
on  account  of  the  extreme  cold  (here. 

Hence,  (he  breadth  of  the  torrid  zone  is  equal  to  twice 
the  greatest  declination  of  the  sun,  or  obliquity  of  (ho 
ecliptic,  equal  to  46°  56*,  or  tsticc  23°  28^  Each  frigid 
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inne  I*  iilso  of  the  same  breadth,  the  distance  from  the  under  the  eoualor,  the  artificial  days  are  of  unequal 
pole  to  the  polar  circle  being  equal  to  Uie  same  obliquity  lengths,  and  the  inequality  is  the  grealcr,  as  the  place  is 
28'.  And  the  breadth  of  each  u.-mperatc  aono  is  eqiusl  farther  from  the  equator..  The  inhabitants  of  the  tcrape- 
lo  +3°  the  complement  of  twice  the  saipe  obliquity,  rate  aones  are  called  beteroscians,  because  their  noon-day 
See  these’ aones  exhibited  in  plate  40,  fig.  iti.  shadow  is  cast  the  same  way  all  the  year  round,  via,  those 

Thu  difference  of  aones  is  attended  with  a great  dirersity  in  the  north  zone  toward  the  north  pole,  and  those  in  the 
of  phenomena.  1.  In  the  torrid  zone,  the  sun  pastes  south  zone  toward  the  south  pole.  • 
through  the  zenith  of  every  niacc  in  it  twice  a year  i 3.  Within  the  frigid  zones,  the  inhabitants  hare  their 
making  as  it  were  two  summers  in  the  year ; and  the  in-  artificial  days  and  nights  extended  to  a great  length  ; the 
hahiuiits  of  this  rone  arc  called  amphitcians,  because  they  son  sometimes  skirting  round  a little  above  the  horizon  for 
have  theirnoon-day  shadows  projicted  different  ways  in  many  days  together;  and  at  another  season  never  rising 
different  times  of  the  yt»r,  northward  at  one  season,  aud'  above  the  horizon  at  alt,  but  making  continual  night  for 
southward  at  the  other.  ‘ considerable  time.  Ilic  inhabitants  of  these  zones  ate 

2 In  tha  temperate  and  frigid  zones,  the  sun  rises  and  called  periscians,  because  sometimes  they  have  their  sha- 
■els  every  natural  day  of  24  hours.  Yet  every  where,  but  dows  going  quite  round  them  in  the  space  of  24  hours. 


ERRATA  IN  YOU  II. 

Psge  1S4,  col.  1,  line  du,  for  SOS'?,  read  99S7. 

999*  — Ig  Uiie  3g  for  9,  md  *«. 

— 049,  ~ 3,  line  97,  dele  and* 

_ 400,  — 1,  line  31,  read  3 eoa.  «.  • 

^ 509,  — 3,  line  U from  the  boMom,  read  plate  37- 
_ 557,  ^1,  line  9 ^om  the  bottom,  for  + y,  read^. 

^ 993,  3,  line  3,  for  Celts,  read  Cetii. 

<104,  licte  34,  for  limta-goremor  Hie,  read  irwpector-icerkeral  of  the  R,  Mil. 

CoUcMi  and  coiosnawtaol  of  the  tenior  drjwmMiit  of 
that  tMtioHioo,  DOW  eatablialied  at  Farnbaia. 
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